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ABSTRACT

Obesity with type 2 diabetes (“diabesity”) arises when chronic caloric excess, low diet quality, and circadian
misalignment overwhelm metabolic flexibility. Nutrition is therefore both cause and cure. Evidence across
mechanistic studies and randomized trials shows that energy deficit can be achieved via continuous caloric
restriction (CR), intermittent fasting (IF), or time-restricted eating (TRE), which improves glycemia, hepatic
steatosis, and insulin sensitivity primarily by shrinking adipocyte size, reducing ectopic fat, and decompressing
mitochondrial/ER stress. Beyond calories, macronutrient patterning matters: low-carbohydrate and
Mediterranean-style diets often yield superior short-term glycemic control; high-quality low-fat patterns can
be equally effective when adherence is high. Carbohydrate quality, like fiber, resistant starch, glycemic
index/load, and food processing, modulates postprandial glucose and the gut-liver axis. Meal timing and
circadian alignment shape insulin action and B-cell responsiveness independent of weight. Bioactive-rich foods
and microbiome-directed strategies add complementary effects via short-chain fatty acids, bile-acid signaling,
and inflammation control. The clinical frontier is precision nutrition: using continuous glucose monitoring
(CGM), phenotyping (adiposity distribution, NAFLD, fasting/postprandial hyperglycemia), and, where
validated, microbiome/metabolite readouts to tailor diet choice, meal timing, and macronutrient distribution to
the individual. Implementation hinges on cultural fit, food environment, affordability, and digital behavior
supports layered with pharmacotherapy (e.g., metformin, SGLT2 inhibitors, incretin-based agents). This review
synthesizes mechanisms and comparative eftectiveness from CR to precision diets, outlines practical protocols,
and proposes a decision framework for matching people to sustainable nutrition that delivers durable glycemic
control and cardiometabolic risk reduction.

Keywords: caloric restriction; time-restricted eating; low-carbohydrate diet; Mediterranean diet; precision
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INTRODUCTION

Type 2 diabetes (T2D) most commonly coexists with excess adiposity. The resulting “diabesity” amplifies
cardiovascular, renal, hepatic, and oncologic risk[ 1-3,4-87]. Pharmacotherapy is essential for many, yet durable
risk reduction is rarely achieved without nutrition that lowers energy intake, improves diet quality, and aligns
eating with circadian biology[4, 9-147). Nutrition interventions influence glycemia through four dominant
levers. First, energy deficit reduces adipocyte size and lipolysis, lowering non-esterified fatty-acid (NEFA)
spillover to liver and muscle, thereby improving insulin signaling and decreasing hepatic glucose production[’5,
15-207]. Second, macronutrient patterning alters glucose appearance and insulin demand: lower carbohydrate
reduces postprandial excursions and can facilitate medication de-intensification; higher-protein increases satiety
and thermogenesis; unsaturated fat improves lipid profiles[6,21-267. Third, carbohydrate quality and
processing (fiber amount/type, resistant starch, whole grains vs ultra-processed foods) reshape gut microbial
metabolites, bile-acid pools, and GLP-1 secretion, improving insulin sensitivity and hepatic fat. Fourth, meal
timing and circadian alignment (TRE, earlier distribution of calories) improve metabolic efficiency even without
weight loss by enhancing insulin sensitivity and synchronizing hormonal rhythms[7, 27-307.

Heterogeneity demands individualized strategies. People differ in insulin secretion capacity, hepatic vs
peripheral insulin resistance, adipose expandability, and B-cell reserve[8,31-377. Glycemic phenotypes like
fasting hyperglycemia (hepatic IR) vs postprandial hyperglycemia (limited first-phase insulin) respond
differently to macronutrient distribution and timing. Co-morbidities shape priorities: NAFLD favors weight
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loss with carbohydrate moderation and high-quality fats; CKD limits protein and certain minerals; dyslipidemia
guides fat choice and carbohydrate quality; gastrointestinal conditions influence fiber type and meal frequency.
Socio-cultural context (budget, time, food traditions) and food environment (availability, marketing) govern
feasibility; sustainability considerations (plant-forward choices, food waste) influence long-term adoption[8,38-
437
Comparative-effectiveness trials show multiple diets can succeed when they produce a sustained energy deficit
and high adherence. Thus, “best diet” is the plan a given person can maintain that achieves (i) 25—10% weight
loss if needed, (ii) HbA 1c reduction and time-in-range improvement, (iii) cardiometabolic risk improvement (BP,
LDL-C/apoB, TG/HDL, NAFLD), and (iv) quality-of-life gains. Tools that raise adherence, structured meal
plans, culinary skills coaching, food provisioning, CGM feedback, and medication alignment often determine
outcomes more than macronutrient debates[9,44-497]. Nevertheless, physiology-informed choices can speed
benefit and reduce therapeutic inertia.
This review proceeds from caloric restriction paradigms to precision diets, integrating mechanisms with
practical protocols. Section 1 compares continuous CR, IF, and TRE, detailing energy balance, appetite
hormones, and safety. Section 2 contrasts macronutrient strategies (low-carb/ketogenic, high-protein, low-fat,
Mediterranean) with evidence on glycemia, lipids, and adherence.
2. Caloric Restriction Paradigms: Continuous CR, Intermittent Fasting, and Time-Restricted Eating
Energy deficit is the common pathway for weight loss and glycemic improvement. Continuous caloric restriction
(CR) reduces daily intake by ~20-35% below maintenance, delivered via portion control, calorie-aware meal
plans, or energy-density approaches (high-volume, low-calorie foods)[10,50-57_]. Mechanisms include decreased
adipocyte size, lower NEFA flux, reduced hepatic de novo lipogenesis, and improved insulin signaling through
diminished ectopic fat. Appetite hormones adapt: leptin falls, ghrelin rises; satiety peptides (GLP-1, PYY) may
decline without weight-maintenance strategies, making structured support critical to sustain loss[[10,58-64].
Intermittent fasting (IF) alternates restricted and unrestricted days. Common forms are 5:2 (two non-
consecutive days at ~500—700 kcal) and alternate-day fasting (ADF). IF can match continuous CR for weight
loss with similar or slightly greater early glycemic improvements, possibly via pronounced negative energy
balance on fast days and increased insulin sensitivity after short fasts[ 11, 65-707]. However, individual tolerance
varies, and overeating on non-fast days can erode benefits. Medication adjustment is essential to avoid
hypoglycemia (especially with insulin/sulfonylureas).
Time-restricted eating (TRE) confines intake to a daily 6—10-hour window, often favoring earlier windows (e.g.,
8 am.—4 p.m.)[12,71-787. TRE leverages circadian biology: insulin sensitivity and B-cell responsiveness peak
earlier in the day, while evening eating worsens glycemia. TRE improves fasting glucose, HOMA-IR, and blood
pressure independent of large weight loss, and typically enhances sleep timing and dietary structure. Practical
protocols pair TRE with balanced macronutrients, adequate protein (>1.0-1.2 g/kg/day in weight loss to
preserve lean mass), and hydrating, fiber-rich foods to curb hunger[12,79-847].
Safety and selection. CR/IF/TRE require tailoring for older adults at sarcopenia risk (prioritize resistance
training and protein), pregnancy/lactation (generally avoid fasting), eating-disorder history (avoid IF),
advanced CKD, and those with intensive insulin regimens[1387]. For many with T2D, combining caloric
strategies with incretin-based pharmacotherapy (GLP-1 RAs, GLP-1/GIP co-agonists) improves satiety,
protects lean mass, and simplifies adherence. Behavioral supports goal setting, high-protein breakfasts, planned
snacks during early adaptation, and CGM-informed feedback boost success and mitigate compensatory
appetite[ 13, 85-907].
3. Macronutrient Strategies: Low-Carbohydrate, Ketogenic, Low-Fat, High-Protein, and Mediterranean
Patterns
Low-carbohydrate diets (LCDs) (generally <130 g/day) reduce postprandial glucose and insulin exposure,
enabling early medication de-intensification and improved glycemic variability[14,91-947. Ketogenic variants
(<50 g/day) increase ketone bodies, suppress appetite, and rapidly decrease hepatic fat; longer-term
LDL-C/apoB eftects depend on fat sources (favor unsaturated fats) and individual hyper-responders. Adequate
minerals, fiber (non-starchy vegetables, seeds), and repletion of sodium/potassium/magnesium help manage
“keto-flu.” LCDs fit best for postprandial hyperglycemia, high triglycerides, NAFLD, and those preferring
savory foods; careful lipid monitoring is advised [ 14,95-977].
Low-fat diets (LFDs) emphasize <25-30% energy from fat with grains/legumes/fruit/vegetables as staples.
When energy deficit and fiber density are high, LFDs reduce LDL-C and improve insulin sensitivity[157]. Ultra-
processed LFDs perform poorly; whole-food LFDs rich in legumes and intact grains can match LCDs for weight
loss at similar adherence. High-protein diets (=25-30% energy, ~1.2-1.6 g/kg/day) enhance satiety and
thermogenesis, preserve lean mass in weight loss, and reduce late-night snacking; protein distribution (2585
g/meal) supports muscle protein synthesis. In CKD, protein targets require nephrology guidance.
Mediterranean-style diets prioritize extra-virgin olive oil, nuts, legumes, whole grains, vegetables, fruit, and
seafood, with limited red/processed meat. Benefits span glycemia, NAFLD, and cardiovascular outcomes via
improved lipid profiles, polyphenol-mediated endothelial effects, and anti-inflammatory mechanisms.
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Carbohydrate quality and fat type (mono-/omega-3 PUFA) drive much of the advantage; energy intake still
matters[167].
Comparative effectiveness and adherence. Across RCTs, diet arms often converge at ~5—7% weight loss when
support intensity matches. Differences in HbAlc and lipids reflect adherence, baseline phenotype, and
medication changes. LCDs excel in short-term glycemic lowering and TG reduction; LFDs often lead in LDL-C
lowering; Mediterranean patterns balance glycemia with cardioprotection[17]. Hybrid approaches e.g.,
lower-carb Mediterranean or plant-predominant LCDs—capture strengths of both. Diet choice should reflect
glycemic phenotype (fasting vs postprandial), lipid priorities (LDL-C/apoB vs TG/HDL), personal food culture,
and sustainability preferences[177].
Implementation tips. Front-load protein/fiber at meals; anchor a high-protein breakfast; build meals around a
protein + high-fiber vegetable + smart carb or unsaturated fat; minimize refined flour/sugary beverages; swap
ultra-processed snacks for nuts/legumes/fruit; cook with EVOO; and plan batch-cooked staples. Align
medication down-titration with improved CGM metrics to avoid hypoglycemia[ 187].
4. Carbohydrate Quality and Processing: Fiber, Resistant Starch, GI/GL, and Ultra-Processed Foods
Carbohydrate quality strongly influences postprandial glycemia and long-term insulin sensitivity. Dietary fiber,
particularly viscous (B-glucan, psyllium) and fermentable types (inulin, resistant starch), slows glucose
absorption, increases satiety, and feeds gut microbes that generate short-chain fatty acids (SCFAs)[197.
Resistant starch (RS) (types 2—4; e.g., cooled potatoes/rice, legumes, green bananas, high-amylose maize)
increases colonic butyrate, improves insulin sensitivity in some phenotypes, and reduces glycemic variability.
Aim for >230-40 g/day total fiber with a mix of soluble/insoluble and RS sources[207].
Glycemic index (GI)/load (GL) capture the glucose-raising potential of foods/meals, but real-world responses
vary by food matrix, cooking method, and microbiome. Low-GI patterns reduce HbA1c modestly, especially
when replacing refined starches with intact grains/legumes and pairing with protein/fat[217. Food processing
level is decisive: ultra-processed foods (UPFs) tend to be low in fiber, high in rapidly digestible starch/sugars,
emulsifiers, and sodium; they promote passive overconsumption, reduce satiety signals, and may impair barrier
function and gut microbial ecology, amplifying metabolic endotoxemia and insulin resistance[217].
Practical swaps. Replace refined grains with intact kernels (oats, barley, brown/red rice), rye or whole-wheat
sourdoughs, and legumes as “smart carbs”. Use mixed-meal sequencing (vegetables/protein before starch) to
blunt glycemic spikes; add vinegar or lemon (acetic acid) to meals to lower postprandial glucose. Choose fruit
over juice; prefer chewing over drinking calories. For snacks, prioritize nuts, seeds, edamame, or yogurt over
chips/sweets. Optimize protein leverage by providing 25-85 g protein at main meals to reduce drive for energy
from low-protein UPFs[227].
Micronutrients and bioactives. Magnesium, potassium, and polyphenol-rich foods (berries, cocoa, tea,
herbs/spices) improve endothelial and insulin signaling; combine with fiber to enhance microbial
biotransformation into beneficial phenolics. Ensure adequate vitamin D and B-vitamins for metabolic and one-
carbon pathways relevant to epigenetic regulation. Together, high-quality carbohydrate patterns reduce
glycemic volatility, improve satiety, and favorably remodel the gut-liver axis[237].
5. Meal Timing, Distribution, and Circadian Alignment
Metabolism follows a circadian rhythm: insulin sensitivity, [B-cell responsiveness, and diet-induced
thermogenesis peak earlier in the day, while evening eating increases glycemic excursions and lipogenesis[24].
Early time-restricted eating (eTRE), condensing intake into an 8-10-hour window ending mid-afternoon,
improves fasting glucose, HOMA-IR, BP, and appetite even without large weight changes. Front-loading
calories (larger breakfast/lunch, lighter dinner) enhances 24-h glycemia and satiety. Conversely, late eating and
irregular meal timing undermine glycemic control and sleep quality[247].
Macronutrient distribution by time of day can exploit physiology: prioritize protein and complex carbs earlier
(supporting training and work), shift starch lower at dinner, and anchor evenings with vegetables, lean protein,
and healthy fats[257]. Pre-meal strategies (fiber/vegetable starters, protein shakes, or a small nut serving)
attenuate postprandial spikes. Meal frequency should fit hunger patterns and medications; for most with T2D,
2-38 structured meals plus optional planned snack(s) outperform grazing[257].
Short sleep and circadian misalignment increase hunger and insulin resistance. Pair TRE with sleep regularity
(consistent bed/wake times) to synchronize central and peripheral clocks. For shift workers, aim for a fixed
fasting block aligned to the longest sleep episode; avoid eating in the biological night; use higher-protein,
lower-GI foods during night shifts when eating is unavoidable[267].
Light-to-moderate activity (10—20 min walking) after meals blunts glucose peaks; resistance training in the late
afternoon/early evening can improve next-day fasting glucose. Align carbohydrate intake to exercise (“fuel for
the work required”) to optimize performance and mitochondrial adaptations while preserving glycemic
stability[277].
As timing strategies lower glucose variability, hypoglycemia risk with insulin or sulfonylureas rises unless doses
are reduced; CGM and clinician partnership are essential during transitions. Overall, alighing what and when
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we eat strengthens metabolic control beyond calories alone and improves adherence by creating predictable
routines[287].

6. Bioactive-Rich Foods, Microbiome-Directed Nutrition, and Postbiotics
Dietary bioactives and the gut microbiome provide a complementary lever for glycemic control. Prebiotic fibers
(inulin, FOS/GOS, arabinoxylan, B-glucan) and resistant starches expand SCFA-producing guilds, increasing
butyrate/propionate that support barrier integrity, GLP-1/PYY secretion, and hepatic/muscle insulin
sensitivity. Fermented foods (yogurt, kefir, kimchi, tempeh) introduce live microbes and metabolites that can
lower inflammation and improve glycemia modestly[[297.
Polyphenol-rich foods like berries, cocoa, tea/cottee, extra-virgin olive oil, herbs/spices—are metabolized by
microbes into bioactive phenolics (e.g., urolithins) that modulate endothelial function, mitophagy, and
inflammatory signaling[30, 317. Nuts and seeds provide unsaturated fats, fiber, minerals, and polyphenols;
regular intake improves TG/HDL and glycemic variability. Omega-3 (marine or algal) supports triglyceride
lowering and may aid hepatic fat reduction[ 307.
Targeted probiotics (selected Bifidobacterium/Lactobacillus strains) and synbiotics yield small improvements in
HOMA-IR and inflammatory markers, with strain-specific eftects; pasteurized Akkermansia muciniphila and next-
gen consortia are promising but currently adjunctive. Postbiotics such as SCFA donors (e.g., tributyrin) or
designed fibers (propionate inulin ester) directly deliver beneficial metabolites, though GI tolerance limits
dosing[32-35].
Practical toolkit. Build plates with a fiber-first mindset: two vegetable portions per meal, a legume or intact
grain most days, nuts/berries for snacks, and fermented foods several times weekly. Replace refined flour with
whole-grain sourdoughs/rye; add RS via cooled/reheated starches. Choose EVOO and avocado/olive/nut
toppings over oils high in omega-6 seed oils when possible. These shifts are compatible with LCD, LFD, and
Mediterranean plans and often enhance satiety and adherence.
Safety and equity. Emphasize affordable, locally available fiber staples (beans, lentils, seasonal produce),
culturally familiar fermented foods, and home cooking skills. Screen for GI disorders when escalating fiber;
titrate slowly with hydration. Microbiome tests are evolving; prioritize proven dietary patterns while research
refines personalized microbe-based prescriptions[367].
7 Precision Nutrition: Phenotyping, CGM-Guided Personalization, and Real-World Implementation
Precision diets tailor what and when to eat to an individual’s biology and context. Start with clinical
phenotyping: adiposity pattern (visceral vs subcutaneous), NAFLD status, lipid profile (T'G-rich vs LDL-
driven), blood pressure, kidney function, physical activity, and glycemic patterning (CGM)[37]. People with
pronounced postprandial hyperglycemia often benefit from lower-carb breakfast/lunch, protein-anchored meals,
pre-meal fiber, and post-meal walking; those with fasting hyperglycemia (hepatic IR) respond to weight loss,
evening carbohydrate reduction, earlier TRE, and improved sleep[387.
Algorithmic personalization integrates baseline features to select initial diet: LCD for NAFLD/high
TG/postprandial spikes; Mediterranean for ASCVD risk/LDL focus; high-fiber low-GI for hunger control and
gut health; eTRE/TRE for circadian disruption. Layer bioactive emphasis based on needs (e.g., RS and B-glucan
tor glycemia and LDL-C; nuts/EVOO for TG/HDL; fermented foods for GI symptoms). Reassess at 4—8 weeks;
maintain, switch, or hybridize based on HbA1c/CGM, weight, lipids, and adherence.
Medication synergy. Nutrition and anti-diabetic drugs work best together. GLP-1 RAs and co-agonists boost
satiety and allow deeper energy deficits; SGLT2 inhibition reduces glucotoxicity and supports fasting glucose;
metformin improves hepatic IR and may augment microbiome benefits. Align dose reductions with CGM trends
to prevent hypoglycemia; ensure protein and resistance training to protect lean mass during rapid weight loss.
Implementation science. Success depends on access and support: budget-aligned meal plans, shopping lists,
batch-cook templates; culturally adapted recipes; workplace/school strategies; and digital nudges (SMS
prompts, app-based trackers). Group visits, culinary medicine classes, and food-as-medicine programs (produce
prescriptions) improve adoption. Environmental levers like healthy defaults, smaller plates, and visible
fruits/vegetables reduce friction.
Equity and sustainability. Favor plant-forward, minimally processed staples that are affordable and culturally
acceptable. Consider local food systems and seasonality. Sustainable diets lower long-term health and
environmental costs, supporting policy advocacy (taxes on sugary drinks, front-of-pack labeling, school meals).
CONCLUSION
In practice, precision nutrition is iterative: start with a plausible plan matched to phenotype and preferences,
measure response, and refine. When embedded in comprehensive care, nutrition can drive remission or major
improvement of diabesity for many people.
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