HbA1c Reduction Program: 5.9% — 5.3%

A Comprehensive Evidence-Based Protocol

Prepared from the perspective of an endocrinologist and exercise physiologist

Clinical Context

Your return to structured exercise over the past year is already working, but reaching 5.3%
requires precision across five domains simultaneously.

A 0.6 percentage-point reduction in HbA1c is achievable through lifestyle alone in most
individuals with your profile — and pharmacological adjuncts can accelerate or secure it. Each
0.1% reduction in HbA1c corresponds to roughly 2—3 mg/dL reduction in average glucose
(HbA1c 5.9% = average glucose ~123 mg/dL; 5.3% = ~105 mg/dL).

SECTION 1: LIFESTYLE INTERVENTIONS

1. EXERCISE PROGRAM

1.1 The Core Mechanism: Why Exercise Is the Most Potent Non-
Pharmacological Intervention

Skeletal muscle accounts for approximately 70-80% of insulin-stimulated glucose disposal.
Exercise improves glucose metabolism through two distinct, additive pathways:

Insulin-independent pathway (acute): Muscle contraction activates AMP-activated protein
kinase (AMPK) and calcium/calmodulin-dependent protein kinase (CaMKIl), both of which
trigger translocation of GLUT4 glucose transporters to the muscle cell surface. This occurs
independent of insulin and persists for 24—48 hours post-exercise. Immediately after moderate-



to-vigorous exercise, muscle glucose uptake can be elevated 5- to 10-fold above resting levels.

Insulin-dependent pathway (chronic adaptation): Regular training increases total GLUT4
protein content in muscle by 30-100%, increases mitochondrial density and oxidative capacity,
reduces intramyocellular and intrahepatic lipid (which directly impairs insulin receptor signaling
via diacylglycerol/PKC pathways), and increases muscle mass — the primary glucose "sink."

Meta-analyses of exercise interventions in pre-diabetic and early diabetic populations
consistently show HbA1c reductions of 0.4-0.8% from exercise alone, with resistance training
and high-intensity intervals producing the largest effects.

1.2 Resistance Training — Optimized Protocol

Target: 3 sessions/week, non-consecutive days (e.g., Mon/Wed/Fri)
Structure:

Each session should target all major muscle groups, emphasizing the largest muscle masses
(quadriceps, hamstrings, glutes, back, chest) since these contribute disproportionately to whole-
body glucose disposal.

« Compound movements as the foundation: Squats, deadlifts (Romanian or
conventional), hip thrusts, bench press, bent-over rows, overhead press, pull-ups/lat
pulldowns

« Sets and reps: 3—4 sets per exercise, 8—12 repetitions at 65-80% of 1-rep maximum
(1RM). This rep range maximizes hypertrophy (muscle mass gain) while also recruiting
fast-twitch fibers that have high GLUT4 density.

» Progressive overload: Increase load by 2.5-5% when 12 reps are completed with good
form on all sets. This ensures ongoing adaptation rather than plateau.

» Rest intervals: 60—90 seconds between sets. Shorter rest intervals maintain metabolic
stress and increase AMPK activation.

« Session duration: 45—-60 minutes

Why this matters mechanistically: Each kilogram of muscle mass added increases resting
glucose disposal by approximately 10 mg/min. At 60 years old, you are fighting age-related
sarcopenia (typical loss: 1-2% lean mass/year after 50), which would otherwise progressively
worsen insulin resistance. Building even 2—-3 kg of functional muscle mass could reduce fasting
glucose by 5-10 mg/dL.

Specifically important for you: Prioritize leg/glute work. The lower body contains ~60% of total



skeletal muscle and is disproportionately responsible for glucose uptake. Romanian deadlifts,
leg press, and lunges should anchor every session.

1.3 Cardiovascular Training — Structured Protocol

Target: 3 sessions/week on alternate days from resistance training (e.g., Tue/Thu/Sat), totaling
150—200 minutes/week at moderate intensity plus 1-2 higher-intensity segments.

Zone 2 Training (Primary Cardio Base): - Definition: Heart rate at 60—70% of maximum
(roughly 96—112 bpm for a 60-year-old, using 220-age formula; adjust based on actual fitness).
At this intensity you can hold a conversation but find it slightly effortful. - Duration: 40—60
minutes per session - Mechanism: Zone 2 preferentially oxidizes fat (over glucose), improving
metabolic flexibility — the ability to switch between fuel substrates. It increases mitochondrial
biogenesis (via PGC-1a), improves fatty acid oxidation enzymes, and reduces ectopic lipid
deposition in liver and muscle. High hepatic and intramyocellular lipid directly impairs insulin
receptor substrate (IRS-1) phosphorylation — reducing this lipid burden is among the fastest
routes to improving fasting glucose. - Clinical evidence: Studies by Alejandro Lucia, Ifiigo San
Millan, and others show that restoring Zone 2 capacity (metabolic flexibility) is strongly predictive
of improvements in glucose control in insulin-resistant individuals.

HIIT Integration (once per week): - Protocol: 4—6 rounds of 30—60 seconds near-maximal
effort (85—-95% max HR) with 2-3 minutes active recovery between rounds. Total session ~25
minutes including warm-up/cool-down. - Mechanism: High-intensity work depletes muscle
glycogen rapidly, creating a large "metabolic sink" that absorbs circulating glucose for 24-48
hours during repletion. Additionally, HIIT produces greater activation of AMPK and greater post-
exercise oxygen consumption (EPOC) than moderate-intensity continuous training. A 2022
meta-analysis (Jelleyman et al.) found HIIT reduced HbA1c by an average of 0.73% in
individuals with insulin resistance — larger than MICT alone. - Modalities: Stationary bike
sprints, rowing, treadmill incline intervals, or battle ropes (lower joint stress than running for a
60-year-old)

1.4 Post-Meal Movement — A High-Yield, Underutilized Tool

Protocol: 10—15 minute brisk walk (or light activity) within 30 minutes of finishing each major
meal, every day.

Mechanism: This is one of the most potent interventions for postprandial glucose control.
During the absorptive phase (0—2 hours after eating), dietary carbohydrates produce a blood



glucose peak. Light-to-moderate walking at this time activates GLUT4-mediated glucose uptake
in active muscle, directly pulling glucose out of circulation during the peak absorption window.
Studies by DiPietro et al. (Diabetes Care, 2013) demonstrated that three 15-minute post-meal
walks reduced 24-hour glucose AUC comparably to a single 45-minute morning walk — but with
far greater impact on postprandial excursions. A 2022 systematic review (Reynolds et al.)
confirmed that even 2-5 minutes of light walking after eating meaningfully attenuates the
glucose spike.

Why this matters for HbA1c: HbA1c reflects average glucose over ~90 days, weighted toward
more recent weeks. Postprandial hyperglycemia (spikes above ~140 mg/dL) contributes
disproportionately to HbA1c versus fasting glucose in people with prediabetes. Blunting three
postprandial spikes per day adds up dramatically — estimated to contribute 0.2—0.4% HbA1c
reduction over 90 days from this intervention alone.

1.5 Exercise Timing Considerations

« Morning fasted exercise: Amplifies fat oxidation and may produce slightly greater
improvements in insulin sensitivity for the day compared to fed-state exercise in insulin-
resistant individuals.

» Evening resistance training: Emerging evidence (Mancilla et al., Diabetologia, 2021)
suggests afternoon/evening resistance training may produce larger improvements in
glucose tolerance than morning sessions, possibly due to circadian optimization of muscle
anabolic signaling.

» Practical recommendation: Do not let timing override consistency. The best time to
exercise is when you will do it reliably. However, if scheduling is flexible, afternoon
resistance training (4—6 PM) and morning cardio are a reasonable optimization.

1.6 Weekly Exercise Template



Day Session Duration

Monday Resistance Training (full body, lower emphasis) 50 min
Tuesday Zone 2 Cardio 50 min
Wednesday Resistance Training (full body, upper emphasis) 50 min
Thursday Zone 2 Cardio + 1 HIIT block (end of session) 50 min
Friday Resistance Training (full body, posterior chain emphasis) 50 min
Saturday Zone 2 Cardio or HIIT (alternate weeks) 45 min
Sunday Active recovery (walk, yoga, mobility) 30 min

Post-meal 10-15 minute walks: Daily, after every major meal, regardless of the above.

Expected HbA1c impact from exercise optimization: -0.3 to —-0.5%

2. NUTRITION PROGRAM

2.1 Core Framework

The goal of nutritional intervention is threefold: (1) reduce the glycemic load of each meal to
prevent large postprandial glucose spikes; (2) improve baseline insulin sensitivity through dietary
composition; (3) support fat loss, particularly visceral fat, which is the primary metabolic driver of
insulin resistance.

2.2 Food Order — A High-Impact, Zero-Cost Intervention

Protocol: At every meal, eat foods in this sequence: 1. Non-starchy vegetables (fiber first) 2.
Protein and fat (meat, fish, eggs, legumes, cheese) 3. Carbohydrates (grains, starchy
vegetables, fruit) — always last

Mechanism: Groundbreaking research from Alpana Shukla's group at Weill Cornell (Diabetes
Care, 2015, 2018) demonstrated that eating vegetables and protein before carbohydrates
reduces postprandial glucose peaks by 29-37% and insulin excursions by 20-25%, compared
to eating the same foods in the reverse order. The mechanism is multi-layered: - Fiber from
vegetables forms a viscous gel in the stomach and small intestine, slowing gastric emptying and



carbohydrate absorption - Protein and fat in the duodenum trigger GLP-1 and GIP secretion
(incretin hormones), which pre-stimulate insulin release before carbohydrates arrive —
producing a more efficient, lower-amplitude glucose response - Fiber also stimulates secretion
of glucagon-like peptide-1 (GLP-1), which slows carbohydrate digestion

This is one of the easiest, most powerful interventions available. It requires no change in what
you eat — only the order.

2.3 Dietary Pattern: Modified Mediterranean-Low Glycemic Load

The Mediterranean diet has the strongest evidence base for improving glycemic outcomes in
at-risk individuals. The landmark PREDIMED trial (>7,000 participants) demonstrated significant
reductions in new-onset type 2 diabetes. The Da Qing study and Diabetes Prevention Program
established that structured dietary change reduces progression from prediabetes to diabetes by
31-58%.

For your specific goal, a modified approach combining Mediterranean principles with low
glycemic load (GL) is optimal:

Eat abundantly: - Non-starchy vegetables (leafy greens, broccoli, cauliflower, zucchini,
asparagus, peppers) — aim for 6-9 servings/day - Fatty fish (salmon, sardines, mackerel) — 3—
4 times/week. Omega-3 fatty acids reduce hepatic triglyceride accumulation, improving hepatic
insulin sensitivity. - Legumes (lentils, chickpeas, black beans) — 1 serving/day. High in resistant
starch and soluble fiber, producing a blunted, sustained glucose response with prebiotic
benefits. - Nuts and seeds (almonds, walnuts, chia, flaxseed) — 30—-45g/day. Walnuts
specifically reduce postprandial glucose and improve endothelial function. - Extra-virgin olive oil
— primary fat source. Oleic acid and polyphenols improve insulin receptor signaling. - Eggs —
up to 2/day. High protein, essentially zero glycemic impact.

Eat moderately: - Berries (blueberries, strawberries, raspberries) — high in anthocyanins,
which inhibit GLUT2 in the intestinal brush border, slowing glucose absorption. Low GL
compared to other fruits. - Greek yogurt (plain, full-fat) — protein + live cultures; moderate
portions - Whole grains (oats, quinoa, barley) only — NOT refined grains. Barley is exceptional:
high in beta-glucan, which forms a gel matrix reducing glucose absorption by ~30% - Sweet
potato (vs. white potato) — lower glycemic response, higher fiber

Minimize or eliminate: - Ultra-processed foods, refined carbohydrates (white bread, pasta, rice,
cereals, crackers) - Sugary beverages (including fruit juice — rapidly absorbed fructose drives
hepatic de novo lipogenesis and insulin resistance) - Vegetable/seed oils high in linoleic acid
(canola, soybean, corn oil) — chronic overconsumption impairs insulin signaling in adipose



tissue - Alcohol — even moderate intake raises triglycerides, impairs hepatic glucose regulation,
and disrupts sleep architecture (see Section 4)

2.4 Macronutrient Targets

Macronutrient Target Rationale
1.6—2.0 g/kg Preserves and builds muscle mass (anti-sarcopenic

Protein body at 60); high thermic effect; minimal glucose impact;
weight/day increases satiety reducing carbohydrate intake
100-130 . . . .

Reduces daily glycemic load while preserving

g/day total, o )

Carbohydrates hiah-fib training performance; equivalent to a low-GL (not

igh-fiber

ketogenic) approach
sources only

35—-45% of
calories,

Fat _ sensitivity via membrane phospholipid composition
predominantly

Satiating; Mediterranean fat profile improves insulin

and reduced ectopic lipid
unsaturated

At approximately 1.8 g protein/kg for a 75—-80 kg male, this is ~135-145g protein/day —
distribute evenly across 3—4 meals (=30—40g per meal) to maximize muscle protein synthesis
(MPS) per meal, as MPS is a saturable process.

2.5 Time-Restricted Eating (TRE) / Intermittent Fasting

Protocol: 12:12 to 16:8 eating window, with eating ending by 7-8 PM and beginning no earlier
than 8 AM (ideally 10—-12 PM for 14:10 or 16:8).

Mechanism: The pivotal 2018 study by Sutton et al. (Cell Metabolism) showed that early time-
restricted eating (eTRE, eating window 6 AM to 3 PM) in men with prediabetes reduced insulin
levels, blood pressure, and oxidative stress compared to a 12-hour eating window — without
weight loss. This was a breakthrough: metabolic benefits occurred from meal timing alone. The
mechanisms include: - Alignment of feeding with circadian rhythm (pancreatic beta cells, hepatic
glucose metabolism, and muscle insulin sensitivity all follow circadian clocks — eating against
the circadian rhythm impairs all three) - Extended fasting periods reduce insulin levels for a
prolonged time, allowing insulin-sensitive tissues to "reset" receptor sensitivity - Fasting
promotes autophagy, fatty acid oxidation, and AMPK activation - Reduces total daily caloric



intake without deliberate restriction in most individuals

Practical approach: A 14:10 window (10 AM—-8 PM) is a sustainable starting point that is less
disruptive than 16:8 but still provides significant benefits. Advance the window earlier if possible
(e.g., 9 AM-7 PM).

Key rule: No calories — including milk in coffee — before the eating window opens.

2.6 Specific High-Impact Foods and Nutraceuticals

Vinegar (acetic acid): 1-2 tablespoons of apple cider vinegar diluted in water, consumed
before meals or with salad dressing. Studies by Carol Johnston (Diabetes Care, 2004) showed
that vinegar consumed with a high-carbohydrate meal reduced postprandial glucose by 19-34%.
The mechanism: acetic acid inhibits salivary alpha-amylase and intestinal disaccharidases
(same enzymes targeted by acarbose), slowing carbohydrate digestion. Additionally, acetate
improves insulin-stimulated glucose disposal in muscle via AMPK activation.

Cinnamon (Ceylon, not cassia): 1-3g/day. Multiple meta-analyses show modest reductions in

fasting glucose (~8—10 mg/dL) and HbA1c (~0.2-0.3%). Mechanism: cinnamaldehyde and other
polyphenols activate insulin receptor substrate proteins (IRS-1), improving post-receptor insulin

signaling. Note: Use Ceylon cinnamon to avoid cumarin toxicity from cassia.

Resistant starch: Including green (unripe) banana, cooled cooked rice (if eating rice), cooled
cooked potatoes, and oats. Cooking and cooling starches converts them to resistant starch type
3, which bypasses small-intestinal digestion, feeds gut microbiome, and produces short-chain
fatty acids (SCFAs, particularly butyrate) that improve intestinal GLP-1 secretion and insulin
sensitivity.

Berberine (see also Section 2, Pharmacological): 500mg with meals (2—3x/day). This
nutraceutical straddles the line between nutrition and pharmacology and is addressed in full
detail in Section 2.

Magnesium: Most adults are deficient. Magnesium is a cofactor in >300 enzymatic reactions
including glucose transporter function and insulin receptor tyrosine kinase activity. Meta-
analyses show that magnesium supplementation in deficient individuals reduces fasting glucose
by ~56 mg/dL and improves insulin sensitivity. Target: 400—450mg/day from food (dark leafy
greens, pumpkin seeds, almonds) or glycinate/malate form (best absorbed).

Omega-3 fatty acids (EPA+DHA): 2—-4g/day if not eating fatty fish 3—4x/week. Reduces hepatic
and visceral triglyceride accumulation (NAFLD/MASLD is strongly associated with insulin



resistance), reduces inflammation (TNF-a, IL-6), and improves adipokine profiles.

2.7 Body Composition and Visceral Fat

Visceral adipose tissue (VAT) is the most metabolically active and damaging fat depot. It
secretes pro-inflammatory cytokines (TNF-a, IL-6, resistin), free fatty acids, and angiotensin Il —
all of which impair insulin receptor signaling in liver, muscle, and pancreatic B-cells. Even
modest reductions in VAT (5—10% of total body fat) produce disproportionately large
improvements in insulin sensitivity.

If you carry excess abdominal fat, every 1 kg of fat lost (particularly visceral fat) is
estimated to reduce HbA1c by ~0.1% in individuals with prediabetes. A combination of
moderate caloric deficit (300—400 kcal/day below maintenance), high protein, and the exercise
program above will preferentially mobilize visceral fat.

Target: If overweight, aim for gradual loss of 0.5—1 Ib/week until optimal body composition is
achieved (ideally waist circumference <90 cm, body fat <20%).

Expected HbA1c impact from nutrition optimization: -0.3 to -0.5%

3. SLEEP OPTIMIZATION

3.1 Why Sleep Is Not Optional in a Glucose Management Program

Sleep deprivation and poor sleep quality are potent drivers of insulin resistance — yet routinely
underestimated by patients and even many clinicians. The mechanisms are direct and well-
characterized.

Mechanisms by which poor sleep worsens glucose: - Cortisol: Even one night of sleep
deprivation (4-5 hours) raises morning cortisol significantly. Cortisol stimulates hepatic
gluconeogenesis (liver glucose production) and antagonizes insulin action at the muscle and
adipose receptor level. - Growth hormone: Deep (slow-wave) sleep is the primary window for
growth hormone release, which is anti-catabolic for muscle and promotes fat oxidation. Sleep
disruption reduces GH pulse amplitude, worsening body composition over time. - Ghrelin/leptin
dysregulation: Sleep deprivation increases ghrelin (hunger hormone) and decreases leptin
(satiety hormone), driving carbohydrate cravings and overconsumption — particularly of high-
glycemic foods. - Sympathetic nervous system activation: Poor sleep maintains the SNS in a
heightened state, elevating norepinephrine, which further suppresses insulin secretion (3-



adrenergic receptor-mediated).

The seminal study by Spiegel et al. (Lancet, 1999) demonstrated that restricting healthy young
men to 4 hours of sleep for 6 nights reduced glucose disposal by 40% and raised cortisol
afternoon/evening levels significantly. A subsequent study by Tasali et al. (PNAS, 2008) showed
that selectively suppressing slow-wave sleep (without reducing total sleep time) reduced insulin
sensitivity by 25% — equivalent to gaining 8—13 kg of body fat.

3.2 Sleep Targets and Protocol

Minimum target: 7—8 hours of high-quality sleep nightly. For many 60-year-old men, the
challenge is not just duration but architecture — adequate deep sleep (slow-wave, stages N2—
N3) and REM sleep.

Evidence-based sleep hygiene protocol:

Circadian anchoring: - Consistent wake time daily (including weekends) — this is the strongest
anchor for circadian rhythms - Morning light exposure within 30 minutes of waking: 5—10 minutes
of outdoor light (or 10,000 lux light therapy box if weather doesn't cooperate). This sets the
master circadian clock (suprachiasmatic nucleus) and advances the melatonin secretion
window.

Evening wind-down: - No screens (phone, TV, laptop) 45—-60 minutes before bed — blue light
suppresses melatonin onset by up to 3 hours. If screens are unavoidable, use blue-blocking
glasses or f.lux/Night Shift software. - Keep bedroom temperature at 65—68°F (18—-20°C). Core
body temperature must drop ~1-2°F to initiate and maintain sleep; a cool environment facilitates
this. - Avoid eating within 2—-3 hours of bedtime. Late meals spike insulin, raise core body
temperature, and impair sleep architecture. - Limit alcohol completely. Even 2 drinks at dinner
suppress REM sleep in the first half of the night and cause rebound awakening in the second
half, fragmenting sleep architecture. This is among the most common and underappreciated
causes of poor sleep quality in adults over 50. - Limit caffeine to before 1-2 PM. Caffeine's half-
life is 5—7 hours (longer in some individuals due to CYP1A2 polymorphisms) — a 3 PM coffee
can still be 25% active at 10 PM.

Supplements for sleep: - Magnesium glycinate 400mg at bedtime — activates GABA
receptors, reduces cortisol, improves sleep quality; multiple RCTs confirm benefit - Melatonin
0.5-1mg (low dose, 30—60 min before bed) — not for sedation but to signal the circadian shift.
Higher doses (3—10mg) are pharmacological and can impair natural melatonin feedback.



3.3 Sleep Apnea Screening — Mandatory

Obstructive sleep apnea (OSA) is highly prevalent in males over 50 (estimated 20-30%
prevalence) and is independently causally associated with insulin resistance and
elevated HbA1c. The mechanism: repeated nocturnal hypoxic episodes activate the HPA axis,
elevate sympathetic tone, and produce chronic cortisol elevation — a perfect recipe for glucose
dysregulation.

CPAP treatment in OSA patients with type 2 diabetes reduces HbA1c by 0.4—0.6% on average
in published meta-analyses (Shaw et al., Diabetes Care, 2016).

Action required: If you have not been formally evaluated for OSA, obtain a home sleep study
(HST) or in-lab polysomnography. Screening criteria: snoring, witnessed apneas, daytime
fatigue, morning headaches, nocturia, high neck circumference (>17 inches). Even without these
symptoms, the combination of age, male sex, and prior weight changes warrants screening. If
OSA is present and untreated, it may be the single most important intervention in this entire
program.

Expected HbA1c impact from sleep optimization: —0.1 to —0.4% (-0.4—0.6% if OSA is
present and treated)

4. STRESS MANAGEMENT

4.1 The Cortisol-Glucose Axis

The link between psychological stress and blood glucose is mechanistically direct. Cortisol (and
its precursor cortisol-releasing hormone from the hypothalamus) produces:

1. Hepatic gluconeogenesis: Cortisol upregulates PEPCK and G6Pase in the liver — the
key enzymes of glucose production — directly raising fasting and post-absorptive glucose

2. Peripheral insulin resistance: Cortisol reduces IRS-1 phosphorylation in muscle and
adipose, impairing GLUT4 translocation

3. Pancreatic pB-cell suppression: Glucocorticoid receptors on B-cells reduce insulin
secretory capacity with chronic activation

4. Visceral fat deposition: Cortisol preferentially drives adipogenesis in visceral
(omental/mesenteric) depots, which have the highest density of glucocorticoid receptors

The degree to which chronic cortisol elevation contributed to your current HbA1c of 5.9% may
be substantial. Critically, physiological stress from overtraining can produce the same



cortisol elevation — which is why recovery days and sleep are not optional.

4.2 Evidence-Based Stress Reduction Interventions

Mindfulness-Based Stress Reduction (MBSR): The 8-week MBSR program (Jon Kabat-Zinn
protocol) has been evaluated in multiple RCTs in diabetic and prediabetic populations. A 2014
meta-analysis found MBSR reduced HbA1c by 0.3—0.4% versus control groups. The mechanism
includes direct HPA axis downregulation (measurable reductions in salivary and serum cortisol),
reduced sympathetic tone, and improved sleep quality. Specific programs are available via the
University of Massachusetts Mindfulness Center, or via guided apps (Waking Up, Insight Timer's
structured programs).

Daily structured relaxation: Even 10—20 minutes/day of diaphragmatic breathing (4—7-8
breathing, box breathing, or resonance frequency breathing at ~6 breaths/minute) activates the
parasympathetic nervous system and reduces cortisol. Heart rate variability (HRV) biofeedback
training (via Polar H10 + Elite HRV app or Oura ring) provides real-time feedback on autonomic
balance, allowing targeted stress response training.

Social connection and meaning: Psychosocial isolation is an independent risk factor for
elevated cortisol and worsened metabolic outcomes. Rebuilding social connections is not merely
a wellbeing issue — it has direct physiological consequences for HPA axis regulation. Strong
social ties are associated with lower cortisol reactivity and faster cortisol recovery from
stressors.

Nature exposure: Emerging evidence (particularly from Japanese Shinrin-yoku / forest bathing
research) shows that 2 hours of walking in natural environments reduces cortisol more than
equivalent urban walking, with measurable reductions in salivary cortisol and NK cell activity
changes suggesting systemic HPA dampening.

Prioritize recovery from training stress: Given six training days/week, monitoring overtraining
is important. Symptoms of HPA overactivation from training include: resting heart rate elevated
>5—7 bpm above baseline, worsened sleep, mood disturbance, reduced motivation, plateau or
regression in performance. Consider tracking HRV on waking (Oura ring or Garmin body
battery) — a sustained HRV decline over several days is a reliable indicator of excessive
training stress.

Expected HbA1c impact from stress management: -0.1 to -0.3%



5. ADJUNCT EVIDENCE-BASED INTERVENTIONS

5.1 Continuous Glucose Monitoring (CGM)

Strong recommendation: Use a CGM (Abbott FreeStyle Libre 3, Dexcom Stelo — both
available over-the-counter for prediabetes) for at least 1-2 months as a biofeedback and
calibration tool.

CGM transforms abstract advice into actionable, personalized data. You will discover: - Which
specific foods spike your glucose most - The magnitude and duration of postprandial excursions
- The effect of post-meal walking in real time - How sleep quality correlates with next-morning
fasting glucose - How specific stressors affect glucose

Studies consistently show that CGM use in prediabetes improves glycemic outcomes via
behavioral feedback loops. Target metrics for optimal metabolic health: - Time in range (70-140
mg/dL): >97% - Fasting glucose (morning): 70—90 mg/dL - Peak postprandial (1 hour after
meals): <130 mg/dL - Glucose variability (CV): <20%

5.2 Thermal Therapy — Sauna

Protocol: 3—4 sauna sessions/week, 15—20 minutes at 170-185°F (77—85°C), traditional dry or
Finnish sauna

Evidence: Epidemiological data from the Finnish Kuopio Ischemic Heart Disease cohort
(Laukkanen et al., JAMA Internal Medicine, 2018) showed that frequent sauna use (4—7x/week)
was associated with significantly lower incidence of type 2 diabetes (HR 0.53 vs. once/week).
Mechanistic studies show sauna use: - Activates heat shock proteins, which improve insulin
signaling (heat shock protein 70/90 serve as molecular chaperones for glucose transporter and
insulin receptor folding) - Increases nitric oxide production, improving endothelial function -
Mimics some cardiovascular adaptations of exercise (heart rate reaches 100-150 bpm) - May
reduce visceral fat through growth hormone stimulation (sauna elevates GH 5- to 16-fold) -
Promotes parasympathetic recovery and reduces cortisol

Note: Ensure adequate hydration. Do not combine immediately after intense training; ideal
timing is rest days or several hours post-exercise.

5.3 Cold Exposure

Protocol: Cold shower finishing (1-3 minutes at coldest tolerable temperature) or cold water
immersion 2—3x/week if available



Mechanism: Cold activates brown adipose tissue (BAT) thermogenesis via -3 adrenergic
receptors. BAT is a highly insulin-sensitive glucose-consuming tissue that increases non-
shivering thermogenesis, burning glucose and triglycerides. While BAT is reduced in older
adults, cold acclimation has been shown to increase BAT volume and activity at any age.
Additionally, cold exposure activates irisin (FNDC5) release from muscle, which converts white
adipose to beige adipose — increasing metabolic rate and insulin sensitivity. Studies by
Hanssen et al. (Nature Medicine, 2015) demonstrated that 10 days of cold acclimation improved
whole-body insulin sensitivity by 43% in type 2 diabetic men. The evidence base is less robust
than for exercise or nutrition, but the risk:benefit ratio is very favorable.

5.4 Gut Microbiome Support

Emerging evidence links gut dysbiosis to insulin resistance through multiple pathways:
increased intestinal permeability ("leaky gut") allowing lipopolysaccharide (LPS) into circulation
(metabolic endotoxemia), altered SCFA production affecting GLP-1 and PYY secretion, and
dysregulated bile acid metabolism. The dietary interventions above (high fiber, fermented foods,
polyphenols) are the most evidence-based approaches to microbiome optimization.

Specific additions: fermented foods (kefir, unsweetened yogurt with live cultures, kimchi,
sauerkraut, miso) have shown in multiple RCTs to improve microbiome diversity and reduce
systemic inflammation markers. A 2021 Stanford study (Wastyk et al., Cell) showed a high-
fermented-food diet increased microbiome diversity and reduced 19 inflammatory markers —
including markers directly linked to insulin resistance — significantly more than a high-fiber diet
alone.

Summary: Projected Lifestyle Impact

Intervention Estimated HbA1c Reduction
Optimized exercise (resistance + HIIT + post-meal walks) -0.3t0 -0.5%
Nutritional optimization (food order, TRE, dietary pattern) -0.3t0 -0.5%

Sleep optimization (7—8h, architecture, OSA if applicable) —-0.1 to -0.4%
Stress management (MBSR, HRV, recovery) -0.1t0 -0.3%
Adjuncts (CGM feedback, sauna, cold, microbiome) —-0.05 to -0.2%

Combined lifestyle (with synergies) -0.5 to -0.8%



A 0.6% reduction (from 5.9% to 5.3%) is well within reach from lifestyle alone — with high
confidence — if adherence is maintained for 90-120 days. The interventions are synergistic and
mutually reinforcing. The CGM will confirm progress and allow course corrections.

SECTION 2: PHARMACOLOGICAL
INTERVENTIONS

Framing the Decision

At HbA1c 5.9%, you are in prediabetes. Current major guidelines (ADA, AACE) support
metformin as a pharmacological option in prediabetes, particularly in individuals <60, obese, or
with other risk factors. For a 60-year-old male already exercising and willing to pursue
aggressive lifestyle optimization, the primary approach should be lifestyle first — but
pharmacological adjuncts represent a legitimate and increasingly evidence-based strategy,
particularly for individuals interested in metabolic longevity optimization.

The medications below are rated using a composite score across five dimensions: - HbA1c
efficacy: Expected reduction in HbA1c - Longevity evidence: Evidence for benefits beyond
glucose (cardiovascular, cancer, aging) - Safety: Risk/side effect profile - Accessibility:
Regulatory status, availability, cost - Mechanistic elegance: Degree to which mechanism
addresses your root pathophysiology

Pharmacological Agents: Rated and Prioritized

TIER 1 — STRONGLY EVIDENCE-BASED, CONSIDER FIRST

1. Berberine %% %% (Overall: 4.5/5)

Classification: Natural alkaloid (found in Berberis aristata, goldenseal); functions as a
pharmaceutical-grade compound

Mechanism: Berberine activates AMP-activated protein kinase (AMPK) — the same enzyme
activated by metformin and by exercise. This produces: - Inhibition of hepatic gluconeogenesis



(PEPCK, G6Pase downregulation) - Increased muscle GLUT4 expression and translocation -
Improved insulin receptor signaling (upregulation of InsR and IRS-1) - Additionally: inhibits
intestinal alpha-glucosidase (reducing postprandial glucose, like acarbose) and reduces
intestinal glucose absorption via inhibition of sodium-glucose cotransporter SGLT1 - Improves
gut microbiome composition (increases Akkermansia muciniphila, a microbe strongly associated
with metabolic health)

Clinical Evidence: A 2008 RCT (Metabolism, Zhang et al.) compared berberine directly to
metformin in newly diagnosed type 2 diabetics: berberine reduced HbA1c by 2.0% vs
metformin's 1.8% — essentially equivalent. In prediabetes populations, expected reduction is
0.5-1.0%. A 2012 meta-analysis of 14 RCTs confirmed reductions in fasting glucose,
postprandial glucose, HbA1c, triglycerides, and LDL, with improvements in insulin sensitivity.

Longevity angle: Berberine activates AMPK and mildly inhibits mitochondrial Complex | (same
partial mechanism as metformin and rapamycin). Preclinical studies show lifespan extension in
C. elegans and rodents. It also inhibits NF-kB (anti-inflammatory), reduces PCSK9 (lowers LDL),
and improves gut barrier integrity.

Dose: 500mg, 2—-3 times daily with meals (absorbs best with food; poor bioavailability is the
main limitation)

Side effects: Gl discomfort (bloating, constipation, diarrhea) in 15—-30% of patients, usually
resolving after 2—4 weeks. Start at 500mg once daily and titrate. Drug interactions: potentiates
warfarin, cyclosporine; may lower blood pressure and blood sugar synergistically with
medications — monitor.

Accessibility: Over-the-counter supplement; low cost (~$20—40/month). Quality matters —
seek pharmaceutical-grade or NSF-certified brands.

Rating: Efficacy 4/5 | Safety 4/5 | Longevity 4/5 | Accessibility 5/5 | Mechanism 5/5
Recommendation: Begin now, alongside lifestyle changes. This is the ideal first-line
pharmacological adjunct for your situation.

2. Metformin %% %2 (Overall: 4.5/5)

Classification: Biguanide, first-line oral antidiabetic; FDA-approved for prediabetes off-label;
ADA guidelines explicitly recommend consideration in prediabetes

Mechanism: - Primary: Inhibits mitochondrial complex | in hepatocytes — reduces cellular
energy charge — activates AMPK — suppresses PEPCK and G6Pase — reduces hepatic



glucose output (the dominant effect, accounting for ~50-70% of its glucose-lowering action) -
Secondary: Improves peripheral insulin sensitivity in muscle; reduces intestinal glucose
absorption (some SGLT1 inhibition via GDF15 pathway); increases GLP-1 levels by reducing
DPP-4 activity at intestinal L-cells; improves gut microbiome (increases Akkermansia
muciniphila) - Recent research has revealed significant effects on mitochondrial dynamics,
mTORC1 inhibition, and possibly direct cellular senescence modulation — contributing to
growing interest in its longevity properties

Clinical Evidence in Prediabetes: The Diabetes Prevention Program (DPP) trial is definitive:
metformin in prediabetic individuals reduced progression to type 2 diabetes by 31% (vs. lifestyle
intervention's 58%). In individuals already pursuing aggressive lifestyle changes, the marginal
benefit of metformin is meaningful but smaller.

Expected HbA1c reduction in prediabetes: 0.5-0.8% (higher in full-dose type 2 diabetes, ~1.0—
1.5%)

Longevity evidence: Among all approved medications, metformin has arguably the strongest
observational evidence for longevity benefits beyond glycemic control. The TAME trial (Targeting
Aging with Metformin, Albert Einstein College of Medicine) is currently testing metformin as a
direct anti-aging intervention. Observational data show metformin users have lower rates of
cancer (colorectal, hepatic, pancreatic, breast), lower cardiovascular events, and all-cause
mortality advantages even when compared to non-diabetic controls not on metformin.

Dose: Start at 500mg with dinner for 1-2 weeks, then 500mg twice daily (breakfast + dinner),
titrate to 1,000mg twice daily (maximum effective dose). Extended-release (metformin ER)
significantly reduces Gl side effects and should be strongly preferred.

Side effects: Gl (nausea, diarrhea) in 20—-30% with standard formulation; much lower with ER
formulation. Vitamin B12 depletion with long-term use (>3 years) — supplement 1,000 mcg
methylcobalamin daily and check B12 levels annually. Rare lactic acidosis in patients with
significant renal impairment (not a concern at normal renal function).

Contraindications: eGFR <30 mL/min/1.73m?2 (reduce dose for eGFR 30—45); iodinated
contrast procedures require temporary discontinuation.

Rating: Efficacy 4/5 | Safety 4.5/5 | Longevity 5/5 | Accessibility 5/5 | Mechanism 5/5
Recommendation: Discuss with your physician. If HbA1c doesn't respond to 3 months of
lifestyle changes, metformin is the most evidence-supported pharmacological
intervention for prediabetes longevity optimization. Consider even as an early adjunct
given its CV and cancer risk-reduction profile.



3. Acarbose %% %% (Overall: 3.8/5)

Classification: Alpha-glucosidase inhibitor; FDA-approved for type 2 diabetes; used off-label in
prediabetes

Mechanism: Acarbose competitively inhibits alpha-glucosidase enzymes (maltase, sucrase,
glucoamylase) in the brush border of the small intestinal epithelium. These enzymes cleave
dietary disaccharides and polysaccharides into monosaccharides for absorption. By inhibiting
them, acarbose: - Slows carbohydrate digestion and shifts glucose absorption from the
proximal to distal small intestine - Reduces postprandial glucose spikes by 40-50 mg/dL in
most patients - Increases GLP-1 secretion: Unabsorbed carbohydrates reaching L-cells in the
distal ileum stimulate GLP-1 release — producing incretin effects, slowing gastric emptying
further, and suppressing glucagon - Prebiotic effect: Undigested carbohydrates serve as
fermentation substrate for beneficial microbiota, increasing butyrate and propionate production

Expected HbA1c reduction: 0.5-0.8% (primarily through postprandial glucose reduction)

Longevity evidence — exceptional: Acarbose is uniquely validated as a longevity compound
through the National Institute on Aging's Interventions Testing Program (ITP) — one of the most
rigorous mammalian aging research programs. Acarbose extended median lifespan in male
mice by 22% (one of the largest effects of any compound tested) and female mice by 5%. The
effect was dose-dependent and attributed primarily to reduced postprandial glucose spikes and
associated reductions in glycation, mTOR signaling, and oxidative stress. The STOP-NIDDM
trial (2002) showed acarbose reduced new-onset type 2 diabetes by 25% and — remarkably —
reduced cardiovascular events by 49%.

Dose: Start at 25mg with the first bite of each meal (critical: must be taken with food). Titrate by
25mg/week to 50—-100mg three times daily with meals.

Side effects: Significant GI symptoms (flatulence, bloating, diarrhea) in 40—60% of patients,
caused by fermentation of unabsorbed carbohydrates in the colon. This is dose-dependent and
reduces over time as gut microbiome adapts (usually 4—6 weeks). Starting at very low doses
(12.5mg or even less) and titrating slowly dramatically reduces this. Low-carbohydrate diet
significantly reduces side effects — and conveniently, a low-carbohydrate diet also reduces
the target substrate for the drug.

Note: No systemic absorption; therefore essentially no systemic drug interactions and no organ
toxicity. Very safe systemically.

Rating: Efficacy 3.5/5 | Safety 3.5/5 (Gl tolerability is the limiting factor) | Longevity 5/5 |
Accessibility 4/5 | Mechanism 4/5 Recommendation: A compelling option specifically for



postprandial glucose management and longevity. Gl tolerability is the primary barrier —
start at 12.5-25mg and titrate extremely slowly. Can be combined with berberine or
metformin synergistically.

TIER 2 — HIGH EFFICACY, CONSIDER FOR ADDITIONAL BENEFIT
OR WEIGHT MANAGEMENT

4. SGLT2 Inhibitors (Empagliflozin, Dapagliflozin, Canagliflozin)
%%k %k (Overall: 4.0/5)

Classification: Sodium-glucose cotransporter-2 inhibitors; FDA-approved for type 2 diabetes
and cardiovascular/renal indications

Mechanism: SGLT2 is expressed in the proximal tubule of the kidney and reabsorbs ~90% of
filtered glucose. SGLT2 inhibitors block this transporter, causing urinary glucose excretion of 60—
100 grams/day — regardless of blood glucose level or insulin status. This produces: - Direct
glucose lowering (insulin-independent — critically important) - Weight loss of 2—4 kg (from
caloric loss via glycosuria) - Reduction in visceral fat specifically (disproportionate to total weight
loss in some studies) - Reduction in blood pressure (osmotic diuresis reduces plasma volume) -
Reduction in uric acid - Significant cardiovascular and renal protection: The EMPA-REG
OUTCOME (empagliflozin), CANVAS (canagliflozin), and DECLARE (dapagliflozin) trials
showed 25—40% reductions in cardiovascular mortality, heart failure hospitalization, and renal
progression — effects far exceeding what glucose lowering alone would predict. These benefits
are attributed to hemodynamic effects, ketone body utilization by cardiac tissue, and direct
tubuloglomerular feedback changes.

Expected HbA1c reduction in type 2 diabetes: 0.5-1.0%. In prediabetes, the expected reduction
is approximately 0.3-0.6%, and these agents are increasingly used off-label for cardiometabolic
risk reduction.

Longevity relevance: SGLT2 inhibitors induce a mild metabolic ketosis (similar to fasting),
increase AMPK activity, reduce mTOR signaling, and promote autophagy — mechanisms
overlapping significantly with caloric restriction and longevity pathways. Empagliflozin extended
lifespan in male mice in the ITP (median lifespan +7%), making it one of only a handful of
compounds to replicate this finding.

Best choice: Empagliflozin (Jardiance) 10mg daily — strongest cardiovascular and mortality
outcome data. Dapagliflozin (Farxiga) is an excellent alternative with strong heart failure and



renal data.

Side effects: - Genitourinary infections (particularly genital mycotic infections) in 5-10% —
addressed with careful hygiene; empagliflozin has the lowest rate among the class - Urinary
frequency (osmotic diuresis) — usually mild and transient - Euglycemic diabetic ketoacidosis
(rare, primarily in type 1 or very low-carbohydrate dieters — requires surgical or illness-related
fasting management) - Fournier's gangrene (extremely rare — <1 in 10,000 patients) - Mild LDL
increase (mechanism unclear; managed by dietary optimization)

Accessibility: Prescription required; brand-name cost ~$500/month without insurance, but
covered by most insurance plans for diabetes indications. Generic empagliflozin became
available in 2025.

Rating: Efficacy 4/5 | Safety 4/5 | Longevity 4.5/5 | Accessibility 3.5/5 | Mechanism 4/5
Recommendation: A strong option if weight loss is also a goal, if cardiovascular risk
reduction is desired, or if lifestyle + berberine/metformin are insufficient. The longevity
data from the ITP is compelling. Discuss with your physician, particularly if any
cardiovascular risk factors are present.

5. GLP-1 Receptor Agonists / Dual GIP-GLP-1 Agonists (Semaglutide,
Tirzepatide) %%k %2 (Overall: 4.2/5)

Classification: GLP-1 receptor agonists (semaglutide); GIP/GLP-1 dual receptor agonists
(tirzepatide); injectable or oral agents

Mechanism: GLP-1 (glucagon-like peptide-1) is an incretin hormone secreted by intestinal L-
cells in response to nutrient ingestion. Pharmacological GLP-1 receptor agonism: - Stimulates
insulin secretion in a glucose-dependent manner (only when glucose is elevated — minimal
hypoglycemia risk) - Suppresses glucagon (reduces hepatic glucose output) - Slows gastric
emptying (reduces rate of nutrient absorption, blunting postprandial peaks) - Acts on
hypothalamic satiety centers to reduce appetite significantly - Promotes f3-cell preservation
and possibly regeneration - Reduces visceral fat substantially (the predominant fat lost with
semaglutide/tirzepatide) - Direct cardiovascular protection: SUSTAIN-6 (semaglutide) and
SELECT trial showed 20% MACE reduction even in non-diabetics; SURMOUNT-4 (tirzepatide)
showed dramatic CV risk factor improvements

Tirzepatide additionally agonizes GIP (glucose-dependent insulinotropic peptide) receptors,
producing synergistic effects on insulin secretion, fat oxidation, and weight loss — making it the
most potent glucose and weight-reducing agent currently available.



Expected HbA1c reduction: Semaglutide 0.5-1.0 mg/week: 1.0-1.5% in type 2 diabetes; in
prediabetes, expected 0.5-0.8%. Tirzepatide: 1.5-2.0% (type 2 diabetes), potentially 1.0-1.5%
in prediabetes.

Weight loss: Semaglutide produces ~10-15% body weight loss; tirzepatide ~15-22% —
disproportionately from visceral fat, which is the primary driver of your insulin resistance. The
SURMOUNT-1 trial (non-diabetic obese/overweight adults, tirzepatide) showed HbA1c
normalization in many participants.

Longevity angle: Recent data from the SELECT trial (semaglutide in non-diabetic
cardiovascular disease patients) showed 20% reduction in MACE. Emerging preclinical data
suggest GLP-1 agonists may have neuroprotective and anti-aging properties independent of
metabolic effects.

Oral semaglutide (Rybelsus): 7-14mg daily oral formulation — avoids injection, effective but
~30-40% less bioavailable than injectable.

Side effects: Nausea, vomiting, and Gl discomfort in 20—40% of patients, especially during
dose escalation. Usually resolves after 4—8 weeks. Rare: pancreatitis (causality debated);
thyroid C-cell tumors in rodents (not demonstrated in humans; contraindicated with
personal/family history of MEN2A or medullary thyroid cancer).

Accessibility: Prescription required. High cost without insurance (~$900—1,200/month).
Compounded semaglutide has been available during shortage periods; FDA has been cracking
down on compounders. Coverage is expanding rapidly.

Rating: Efficacy 5/5 | Safety 3.5/5 | Longevity 4/5 | Accessibility 3/5 | Mechanism 5/5
Recommendation: Reserve for situations where significant weight loss is also desired
(particularly if visceral adiposity is substantial), or if HbA1c doesn't respond adequately
to other interventions. Tirzepatide (Mounjaro) is the most potent option if this class is
chosen. Consider oral semaglutide as a lower-burden alternative to weekly injection.

TIER 3 — EMERGING, INVESTIGATIONAL, OR ADJUNCT INTEREST

6. Imeglimin %% %2 (Overall: 3.5/5)

Classification: First-in-class tetrahydrotriazine compound targeting mitochondrial bioenergetics;
approved in Japan (2021) as Twymeeg; under Phase 3 review in Europe and the US; not FDA-
approved



Mechanism — uniquely dual and novel: Imeglimin's mechanism is distinct from all other
antidiabetic agents and represents a breakthrough in our understanding of glucose regulation:

1. Hepatic glucose production reduction: Imeglimin restores mitochondrial function in
hepatocytes, reducing NAD+/NADH ratio dysregulation that drives excessive
gluconeogenesis. Unlike metformin (which inhibits Complex I), imeglimin acts on a distinct
mitochondrial pathway (possibly the glycerophosphate shuttle) — producing similar
outcomes without the lactic acidosis risk.

2. Insulin secretion enhancement: Imeglimin enhances glucose-stimulated insulin secretion
(GSIS) by amplifying mitochondrial ATP production in pancreatic 3-cells — improving the
metabolic coupling that signals insulin release in response to glucose. This is a
fundamentally different mechanism from sulfonylureas (which simply force insulin release
regardless of glucose) and from GLP-1 agonists (which sensitize the receptor). Imeglimin
works at the mitochondrial level to restore B-cell bioenergetic competence.

3. B-cell protection: Imeglimin has demonstrated B-cell cytoprotective effects in animal
models and ex vivo human islets — reducing oxidative-stress-induced and ER-stress-
induced apoptosis. This suggests potential disease-modifying properties (preserving
residual B-cell mass), which no other oral antidiabetic besides possibly GLP-1 agonists can
claim.

4. Insulin sensitization in muscle: Secondary insulin-sensitizing effects via improved
mitochondrial function in skeletal muscle.

Clinical Evidence (TIMES Program, Japan): - TIMES 1: Imeglimin monotherapy reduced
HbA1c by 0.87% vs. placebo in Japanese patients with type 2 diabetes, 24-week trial - TIMES 2:
Combination with metformin, SGLT2i, sulfonylurea, DPP-4i, or insulin — all showed additive
HbA1c reductions of 0.5-0.8% - TIMES 3: Long-term extension safety trial showed sustained
efficacy and no new safety signals at 52 weeks - Notable: Imeglimin can be combined with
metformin (different mechanisms, potentially synergistic) and with SGLT2 inhibitors

Expected HbA1c reduction: 0.6-0.9% as monotherapy; additive when combined

Why imeglimin is particularly compelling for you: At 60 years old, 3-cell mitochondrial
function is likely declining (age-related mitochondrial dysfunction is universal). Imeglimin
specifically addresses both sides of the glucose dysregulation equation — too much hepatic
glucose production AND insufficient B-cell insulin secretion — while potentially protecting the 3-
cells you still have. This makes it mechanistically ideal for prediabetes and early-stage glucose
dysregulation.



Safety: Excellent in Japanese trials. No hypoglycemia as monotherapy (glucose-dependent
mechanism). No weight gain. Mild Gl effects in ~10%. No lactic acidosis risk. Renally cleared —
dose reduction needed for eGFR <45. Appears safe with metformin.

Accessibility: Not FDA-approved. Available through Japanese pharmacies (direct import gray
zone), through some longevity/precision medicine clinics, or potentially through clinical trial
participation. Monitor FDA review progress.

Rating: Efficacy 4/5 | Safety 4.5/5 | Longevity 3.5/5 (insufficient long-term human data yet)
| Accessibility 2/5 (not FDA-approved) | Mechanism 5/5 Recommendation: Monitor
FDA/EMA approval status closely. If accessible through a precision medicine physician, it
represents an excellent add-on to metformin or berberine, particularly given its -cell
protective properties. The mitochondrial mechanism is uniquely suited to the age-related
decline in B-cell function. Follow-up in 12-18 months as US/EU approval may be
imminent.

7. Pioglitazone (Low Dose) % %% (Overall: 3.2/5)

Classification: Thiazolidinedione (TZD); PPAR-y agonist; FDA-approved for type 2 diabetes

Mechanism: Pioglitazone activates peroxisome proliferator-activated receptor gamma (PPAR-
Y), the master regulator of adipogenesis, in adipocytes and macrophages. This: - Redistributes
fat from visceral to subcutaneous depots (large, benign depots rather than metabolically active,
insulin-resistant visceral fat) - Dramatically reduces ectopic fat in liver and muscle (hepatic fat
reduction is the largest of any drug class) - Upregulates adiponectin (the anti-inflammatory
adipokine that is inversely correlated with insulin resistance) - Reduces inflammatory cytokines
(TNF-a, IL-6) from visceral adipose tissue - Improves insulin sensitivity in liver, muscle, and
adipose

Expected HbA1c reduction: 0.8—-1.2% in type 2 diabetes. In prediabetes, the ACT NOW trial
showed pioglitazone reduced progression to type 2 diabetes by 72% — the largest such effect of
any pharmacological intervention.

Low-dose protocol: Full-dose pioglitazone is 30-45mg/day; lower doses (7.5—15mg) retain
much of the metabolic benefit with substantially reduced side effects and may be ideal for
prediabetes.

Special indications: If you have fatty liver (MASLD/NAFLD), pioglitazone has the strongest
evidence base of any drug for hepatic fat reduction and anti-fibrotic effects — better than any
other class.



Side effects (at full dose; substantially reduced at low dose): - Weight gain (2—4 kg, from
fluid retention and subcutaneous fat redistribution) — the main deterrent - Edema (~5%) -
Increased fracture risk (particularly in postmenopausal women; less concerning in males) -
Bladder cancer signal (HR ~1.06 in some studies — modest, primarily with very long-term use
>2 years at full dose) - Contraindicated in heart failure (fluid retention can worsen)

Rating: Efficacy 4/5 | Safety 2.5/5 (weight gain, edema, fracture/bladder concerns at full
dose) | Longevity 3/5 | Accessibility 4/5 | Mechanism 4/5 Recommendation: Consider at
low dose (15mg) specifically if you have significant visceral adiposity, fatty liver, or high-
cardiovascular-risk prediabetes. Not a first-line choice given the side effect profile, but
remarkably effective for those who tolerate it well.

8. DPP-4 Inhibitors (Sitagliptin, Linagliptin) %% % (Overall: 3.0/5)

Mechanism: Inhibit dipeptidyl peptidase-4, which degrades endogenous GLP-1 and GIP. This
prolongs the action of mealtime incretin hormones, enhancing glucose-stimulated insulin
secretion and suppressing glucagon.

HbA1c reduction: 0.5-0.8% (modest, glucose-dependent — very safe, no hypoglycemia)

Profile: Excellent safety, weight-neutral, oral once-daily, well-tolerated. However, less potent
than GLP-1 agonists (they potentiate endogenous GLP-1 vs. providing pharmacological GLP-1
doses), and CV outcome trials showed neutral (not beneficial) cardiovascular effects.

Recommendation: Reasonable as an adjunct if Gl tolerance of other agents is a problem. Not a
first-line recommendation given the availability of more potent options.

9. Low-Dose Rapamycin % %% (Overall: 3.0/5)

Classification: mTORC1 inhibitor; FDA-approved as immunosuppressant; investigational for
longevity use

Mechanism: Rapamycin inhibits mTORC1 (mechanistic target of rapamycin complex 1), which
is a master regulator of cellular growth, protein synthesis, and autophagy. Chronic mTOR
activation (from nutrient excess, insulin signaling) suppresses autophagy, promotes cellular
senescence, and accelerates aging-associated tissue dysfunction.

Longevity evidence: Rapamycin is the most replicated longevity-extending compound in
mammalian systems. The ITP showed median lifespan extension of 23% in male mice and 26%



in female mice. It has extended lifespan in every mammalian species tested. It also extends
healthspan markers even when started late in life.

Glucose effects — complex: Here is the nuance: acute or high-dose rapamycin worsens
insulin resistance (mTORC2 disruption impairs Akt signaling in muscle and adipose). However,
low-dose intermittent rapamycin (weekly or every-other-week dosing, 1-6mg) shows a more
favorable metabolic profile in observational data from longevity clinicians. Some protocols
actually improve insulin sensitivity by reducing IRS-1 serine phosphorylation (a negative
feedback on insulin signaling) and promoting autophagy that clears dysfunctional lipid
intermediates.

The clinical data on glucose in healthy individuals taking low-dose rapamycin is mixed — some
users see modest glucose improvements, others see modest worsening. This is highly protocol-
dependent.

Practical context: Rapamycin is used by a growing cohort of longevity-focused physicians
(e.g., Peter Attia's protocol: 5-6mg weekly). For your specific goal of HbA1c 5.3%, rapamycin is
NOT a reliable glucose-lowering agent and should not be the primary lever. However, if you are
interested in longevity optimization beyond glucose control, it is worth discussing with a longevity
medicine physician who can monitor lipid panels, immune function, and glucose markers.

Side effects: Mouth sores (~20%), transient LDL/triglyceride elevation, mild
immunosuppression (monitor CBC, increase sun protection). Theoretical cancer surveillance
considerations. Not recommended without physician oversight.

Rating: Efficacy 2/5 (glucose) | Safety 3/5 | Longevity 5/5 | Accessibility 3/5 | Mechanism
4/5 Recommendation: Not a primary intervention for HbA1c reduction. Relevant for
broader longevity optimization under physician guidance. If you pursue this, monitor
glucose carefully — it may be neutral or mildly beneficial at low weekly doses, but its
primary value is not glycemic.

Pharmacological Priority Summary



HbA1c

Priority Agent . First Step?
Reduction
. -0.5t0 -
1 Berberine 500mg TID 1 0% §4 Start now (OTC)
5 Metformin ER 500— -0.510 Discuss with physician after 3
2,000mg/day -0.8% months of lifestyle
3 Acarbose 25-100mg TID -0.5t0 Add for postprandial control;
with meals -0.8% discuss with physician
. . -0.310 Add if CV/renal risk reduction
4 Empagliflozin 10mg/day _ _
-0.6% desired or weight loss needed
. . . -0.5to Reserve for persistent HbA1c
5 Tirzepatide/Semaglutide ] o .
-1.5% elevation or significant adiposity
L. -0.61t0 Monitor for FDA approval; pursue
6 Imeglimin 1,000mg BID _ .
-0.9% through longevity physician
L -05to Consider if fatty liver confirmed or
7 Pioglitazone 15mg/day , , .
-1.0% if other agents insufficient

Only for broader longevity

8 Rapamycin (low-dose) Variable
program; not a glucose agent

Recommended Implementation Sequence

Months 1-3: Lifestyle optimization + CGM + berberine Implement all Section 1 interventions
simultaneously. Start berberine 500mg once daily, increasing to three times daily over 2—4
weeks. Use CGM to calibrate nutrition and exercise responses. Sleep study if any OSA
indicators.

Month 3: Reassess HbA1c If HbA1c is at 5.3% — maintain lifestyle program, continue
berberine, consider periodic CGM monitoring every 3—6 months.

If HbA1c is still 5.5-5.8% — add metformin ER (discuss with physician) and/or acarbose 25mg
TID.

Month 6: Reassess HbA1c If still not at target — consider adding empagliflozin for its



combined glucose-lowering, weight-reducing, and cardiovascular risk-reduction benefits.

Ongoing monitoring: HbA1c every 3 months until stable at target, then every 6 months.
Annual: fasting insulin (HOMA-IR), lipid panel, kidney function (creatinine/eGFR), B12 (if on
metformin), liver enzymes, vitamin D, magnesium.

A Note on Combination Potential

The most elegant combination for your profile, if pharmacological support is needed beyond
berberine alone, would be:

Berberine + Metformin + Acarbose — all work through partially complementary mechanisms
(AMPK/hepatic, intestinal slowing, postprandial blunting) with low systemic burden and strong
longevity co-benefits. This is a well-characterized, safe three-way combination that some
longevity clinicians are now using routinely in prediabetic patients.

This program is intended as a clinically informed framework for discussion with your physician.
Individual response varies. All pharmacological interventions require medical evaluation,
especially given potential interactions and the need for baseline laboratory assessment.



