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Introduction

Dietary sugars and their substitutes play a central role in
modern nutrition and chronic disease. While glucose is a
fundamental energy substrate, excessive intake contributes
to major global health burdens. Sugar substitutes have
emerged as alternatives, yet their long-term health effects
remain an area of active investigation.

Glucose: Structure and Metabolism
Glucose is a monosaccharide (C6H1206) and the primary
energy source for human cells, particularly neurons and
erythrocytes.
Absorption and Transport

e Absorbed in the small intestine via SGLT1

e Transported into bloodstream

® Cellular uptake via GLUT transporters (e.g., GLUT4
insulin-dependent)
SGLT1 (Sodium-Glucose Cotransporter 1)
Location: Apical (luminal) membrane of
enterocytes in the small intestine
Mechanism: Secondary active transport
Uses sodium (Na*) gradient
Glucose is co-transported with Na* into the cell
(enterocyte). After entering the enterocyte:
Glucose exits into the bloodstream via:
GLUT2 (basolateral membrane)

¢ SGLT1 » intestine absorption (Na*-dependent)
e GLUT2 » transport into blood

e GLUT4 ~> insulin-dependent uptake (muscle/adipose)

Dietary Carbohydrates
!
Glucose —» Lipogenesis (Adipose Tissue)
!

Bloodstream  Glycogenesis(Liver & Muscle)
\:

Insulin Release
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Cellular Uptake
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| Pyruvate
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| Krebs Cycle
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| ATP Production

Excess Glucose - Glycogen (Liver/Muscle) -
- Fat Storage

Physiological Regulation

e Insulin lowers blood glucose
e Glucagon raises blood glucose
e Tight homeostatic controlis essential



Sugar Substitutes: Classification
Artificial Sweeteners
e Acesulfame potassium (Ace-K)
e Advantame
e Aspartame
e Neotame
e Saccharin
e Sucralose
Natural Non/low-Caloric Sweeteners
e Stevia
e Rebaudioside A (Reb-A) (active compound from stevia)
e Monk fruit (Luo Han Guo)
e Brazzein
e Thaumatin
e Allulose (rare sugar, naturally occurring)
e Trehalose (natural disaccharide)
Sugar Alcohols (Polyols)

e Erythritol
e Xylitol

e Sorbitol
e Maltitol

e Mannitol
e Lactitol

. Best studied (most reliable evidence)
¢ Aspartame
e Sucralose
e Saccharin
O Reasonably safe, less data
e Stevia
e AcesulfameK
¢ Neotame/Advantame
' Use with awareness
e Sugar alcohols (Gl effects, mixed data)
' Least studied / emerging
e Allulose
¢ Monk fruit
¢ Brazzein, Thaumatin



Mechanisms of Action Chronic Excess

Glucose Figure 2. Pathophysiology of Chronic Hyperglycemia

e Rapid absorption High Sugar Intake

e Stimulates insulin secretion ) Yy )

e Directly enters metabolic pathways EARENLE Illyper‘glycemla

Sugar Substitutes Hyperinsulinemia
!

e Activate sweet taste receptors (TTR2/T1R3) In=ulbinl Resistance

e Limited or no caloric contribution !

e Variable absorption and metabolism tommmmm e +
| Type 2 Diabetes |
| Obesity |

Health Impacts | Cardiovascular Disease |
R e +

Health Effects of Glucose
Additional pathways:
Acute Effects - Advanced Glycation End Products (AGEs)
e Energy production - Oxidative Stress

- Inflammation
e Increased blood glucose levels



Health Effects of Sugar Substitutes

Risks and Controversies

Metabolic Effects
¢ Possible insulin response alterations
¢ Appetite dysregulation
Cardiovascular Risk
e Some studies suggest increased risk
¢ Evidence remains inconclusive
Gastrointestinal Effects
e Sugar alcohols may cause bloating and diarrhea

Benefits

* Minimal glycemic response
¢ Reduced caloric intake
¢ | ower risk of dental caries

e Sugar substitutes can influence the gut microbiome in several ways, but the effects are highly variable depending

on the compound, dose, and individual.
Alteration of Microbial Composition

Some non-nutritive sweeteners (especially artificial ones) can change the balance of gut bacteria:

Vv Beneficial species (e.g., Bifidobacteria, Lactobacillus)
1 Other species associated with metabolic dysfunction
This shift is often called dysbiosis.

Changes in Microbial Metabolism

Gut bacteria produce metabolites like
short-chain fatty acids (SCFAs), which regulate:

Figure 3. Sweeteners and Gut Microbiota Interaction

Glucose metabolism / Inflammation / Gut barrier integrity
Sugar substitutes may:
Alter SCFA production / Change energy harvesting from food

Effects on Glucose Tolerance

Some studies show:
Altered microbiome > impaired glucose tolerance
Mechanism: microbiome-driven changes in insulin sensitivity

This suggests an indirect metabolic effect, even without calories.
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Impact on Glucose Metabolism




Differences Between Types of Sweeteners

Artificial sweeteners (e.g., aspartame, sucralose)
More likely to affect microbiome composition
Effects can be inconsistent across individuals
Natural sweeteners (e.g., stevia)
Generally milder effects

Still under investigation

Sugar alcohols (e.g., xylitol, erythritol)
Partially fermented by gut bacteria

Can:

Increase gas production

Cause bloating/diarrhea at high doses

Comparative Clinical Analysis

Feature Glucose Sugar Substitutes
Energy 4 kcal/g Low/none
Glycemic effect  High Minimal

Insulin response @ Strong Variable

Essential Non-essential
Well established Emerging evidence

Necessity
Long-term risk

Sugar substitutes are not biologically inert
They can:
Alter gut microbiota composition
Change metabolic signaling
Effects depend on:
Type of sweetener
Dose
Individual microbiome
Not everyone responds the same way:
Some people show significant microbiome changes
Others show minimal or no effect
This has led to the concept of personalized
nutrition.



Sweeteners and the gut microbiota

The interaction between sweeteners and the gut microbiota is a rapidly evolving field of research. As of April 2026, the scientific
consensus distinguishes sharply between Artificial Sweeteners (AS) and Natural/Low-Calorie Sweeteners, with the former
showing more evidence of potential microbial disruption. The gut microbiota—the trillions of microorganisms in our digestive
tract—plays a crucial role in metabolism and immunity. Recent studies indicate that while some sweeteners are "microbiota-
neutral," others can alter the composition and function of these microbes, potentially leading to glucose
intolerance and inflammation. ©@J4acc
1. Artificial Sweeteners (Sucralose, Saccharin, Aspartame)
These synthetic compounds are often not fully absorbed in the small intestine, allowing them to reach the colon where they
interact directly with gut bacteria.
e Dysbiosis: High intake of saccharin and sucralose has been linked to a reduction in beneficial bacteria
(like Bifidobacterium) and an increase in strains associated with inflammation. & Frontiers in Nutrition
e Metabolic Impact: Research suggests these shifts in bacteria can alter how the body processes sugar, occasionally
causing "paradoxical" blood sugar spikes in healthy individuals. WCDN Science Pub
e Aspartame: Generally considered more neutral than saccharin because it is broken down into amino acids before
reaching the large intestine, though some studies still investigate its long-term effects on microbial metabolites.
2. Natural Sweeteners (Stevia, Monk Fruit)
o Stevia: Often considered "microbiota-friendly." Some studies suggest that steviosides may actually encourage the
growth of certain beneficial microbes, though more human clinical trials are ongoing in 2026. & Frontiers in Nutrition
e Monk Fruit: Currently shows little to no negative impact on gut diversity, making it a preferred choice for those focusing
on gut health.
3. Sugar Alcohols (Xylitol, Erythritol, Sorbitol)
o Laxative Effects: In high doses, these can cause osmotic diarrhea, which physically flushes the gut and can temporarily
disrupt the microbial balance.
o Erythritol: Notably absorbed in the small intestine and excreted via urine, meaning very little reaches the gut bacteria,
making it one of the most stable "gut-neutral" options.


https://www.jacc.org/doi/10.1016/j.jacadv.2026.102591
https://www.frontiersin.org/journals/nutrition/articles/10.3389/fnut.2026.1728578/full
https://cdnsciencepub.com/doi/10.1139/apnm-2025-0440
https://www.frontiersin.org/journals/nutrition/articles/10.3389/fnut.2026.1728578/full
https://www.jacc.org/doi/10.1016/j.jacadv.2026.102591
https://www.frontiersin.org/journals/nutrition/articles/10.3389/fnut.2026.1728578/full
https://cdnsciencepub.com/doi/10.1139/apnm-2025-0440
https://www.frontiersin.org/journals/nutrition/articles/10.3389/fnut.2026.1728578/full

Key Points & Implications

Personalized Response:
Not everyone reacts the same way. The impact of sweeteners depends heavily on an individual's baseline microbiota—
the specific "fingerprint" of bacteria they already have.

The "Leaky Gut" Risk:
Emerging evidence suggests that some artificial sweeteners may weaken the intestinal barrier, potentially allowing
bacterial byproducts to enter the bloodstream and trigger low-grade inflammation. ®*MDP/

Weight Management:
While used to reduce calories, if a sweetener disrupts the microbiota, it may interfere with the hormones that signal
fullness (satiety), leading to increased appetite over time. sTandf Online

SIBO and IBS

If you are consuming sweeteners to manage a condition like diabetes or SIBO (Small Intestinal Bacterial Overgrowth), prioritize
those that are absorbed early in the digestive tract (like Erythritol) or natural options (like Stevia) to minimize interaction with
colonic bacteria.

Sweetener Absorption Site Fermentation Risk SIBO Compatibility
Glucose Proximal Small Intestine Low (if not malabsorbed) High (Preferred fuel)
Erythritol Proximal Small Intestine Low High (Best sugar alcohol)
Stevia Not Absorbed / Colonic Moderate Moderate (Use pure)
Fructose Variable / Limited High Low (Strongly avoid)

Symptoms and cause

SIBO (Small Intestinal Bacterial Overgrowth) and IBS (Irritable Bowel Syndrome) share similar symptoms—bloating, pain,
diarrhea/constipation—but differ in cause. SIBO is an excess of bacteria in the small intestine, while IBS is a functional gut-
brain disorder. SIBO is diagnosed with breath tests, whereas IBS is a diagnosis of exclusion. Relationship: Up to 78% of people
with IBS may actually have underlying SIBO driving their symptoms.


https://www.mdpi.com/2673-5601/6/1/13
https://www.tandfonline.com/doi/full/10.1080/19490976.2026.2647535
https://www.mdpi.com/2673-5601/6/1/13
https://www.tandfonline.com/doi/full/10.1080/19490976.2026.2647535

SIBO (Small Intestinal Bacterial Overgrowth):

e Cause: Bacteria from the large intestine migrate upward into the small intestine, fermenting food too early.

e Symptoms: Intense bloating, abdominal pain (often upper abdomen), fatigue, joint pain, and weight loss.

o« Diagnosis: Hydrogen or Methane breath tests.

e Treatment: Antibiotics (like Rifaximin) or herbal antimicrobials, often combined with prokinetics to manage motility.
IBS (Irritable Bowel Syndrome):

e Cause: A "functional" disorder, often involving nerve sensitivity, gut-brain dysfunction, or reduced cleaning waves
(migrating motor complex) in the gut.

e Symptoms: Chronic abdominal pain and bloating, with diarrhea (IBS-D), constipation (IBS-C), or alternating.
o Diagnosis: Symptom-based criteria (Rome 1V), excluding other diseases.

o Treatment: Lifestyle changes, stress management, diet changes (Low FODMAP), and medications to manage bowel
habits.

Managing SIBO

For individuals managing SIBO (Small Intestinal Bacterial Overgrowth), the primary goal is to choose sweeteners that are
absorbed as high up in the digestive tract as possible (proximal small intestine). This prevents them from reaching the bacteria
overgrown in the distal small intestine or the colon, where they can be fermented into gas (hydrogen or methane) and cause
symptoms.

10



These four sweeteners compare regarding their potential for colonic interaction and SIBO symptom provocation:
1. Glucose (Dextrose)
Glucose is the "gold standard" for SIBO-safe sweeteners because itis an elemental sugar.
e Mechanism: Itis rapidly absorbed by the body in the first part of the small intestine (duodenum/jejunum).
e Colonic Interaction: Virtually zero glucose reaches the colon or the lower small intestine where SIBO bacteria reside.
e \Verdict: Safest choice. It provides immediate energy and leaves nothing for bacteria to ferment.
2. Erythritol
Unlike other sugar alcohols (polyols) like Xylitol or Sorbitol, Erythritol behaves differently in the body.
¢ Mechanism: About 90% of Erythritolis absorbed into the bloodstream in the small intestine and excreted unchanged via
urine. ©JacC
e Colonic Interaction: Only about 10% reaches the colon, and research shows that most common gut bacteria lack the
enzymes to ferment it.
o Verdict: Highly compatible. It is the only "low-FODMAP" sugar alcohol recommended for most SIBO patients.
3. Stevia
Stevia is a non-nutritive sweetener derived from the Stevia rebaudiana plant.
e Mechanism: Steviol glycosides are not absorbed in the small intestine. They travel to the colon where bacteria
(specifically Bacteroidaceae) break them down into steviol.
e Colonic Interaction: While it doesinteract with colonic bacteria, it does not typically produce the rapid gas
(fermentation) associated with sugars.
o Verdict: Moderate. It is generally safe, but you must ensure it is Pure Stevia. Many commercial brands (like Truvia) bulk
their stevia with Inulin or Maltodextrin, both of which are high-fermentation triggers for SIBO.
4. Fructose
Fructose is highly problematic for SIBO and is a primary "O" (Oligosaccharides) and "M" (Monosaccharides) trigger in the
FODMAP diet. Alow FODMAP diet designed to manage Irritable Bowel Syndrome (IBS) symptoms like bloating, gas, and pain. It
restricts specific fermentable carbohydrates—fructans, galactans, lactose, fructose, and polyols—found in foods like onions,
garlic, dairy, wheat, and certain fruits.
Mechanism: Fructose has a limited absorption capacity in the human gut. When consumed in excess of glucose, the
"transporters" (GLUT5) become saturated. Colonic Interaction: Unabsorbed fructose travels deep into the small intestine and
colon, where it acts as a super-fuel for bacteria, causing rapid fermentation, gas, and osmotic diarrhea.
Verdict: Avoid. It is one of the most significant triggers for SIBO symptoms. Fructose-rich foods are generally categorized into
those containing natural fructose (found in fruit and honey) and those with added fructose (processed sweeteners).
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FODMAP (Fermentable Oligosaccharides, Disaccharides, Monosaccharides, And Polyols)
High FODMAP Foods to Avoid (Common Triggers)

o Vegetables: Garlic, onions, artichokes, asparagus, mushrooms, cauliflower.

o Fruits: Apples, cherries, pears, peaches, watermelon, blackberries.

o Dairy: Cow's milk, yogurt, soft cheeses, ice cream.

o Grains/Legumes: Wheat-based bread/pasta, rye, beans, lentils, chickpeas.

o Sweeteners: Honey, agave nectar, high fructose corn syrup, sorbitol (sugar-free gum).

Low FODMAP Foods to Enjoy

e Proteins: Chicken, beef, pork, eggs, tofu, fish (plain).

o Vegetables: Carrots, cucumbers, lettuce, green beans, spinach, zucchini.

e Fruits: Bananas (unripe), blueberries, grapes, kiwi, oranges, strawberries.

¢ Grains: Rice, oats, quinoa, gluten-free bread/pasta.

o Dairy Alternatives: Lactose-free milk, almond milk, soy milk (made from protein).

12
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Here are common examples of foods and ingredients high in fructose:

Fruits are the most common natural source. Some fruits contain "excess fructose," meaning they have more fructose than
glucose, which makes them much harder to absorb.
e Apples and Pears: These are among the highest in fructose and are major triggers for SIBO symptoms.
Stone Fruits: Cherries, peaches, and plums.
Tropical Fruits: Mangoes, papayas, and watermelon.
Dried Fruits: Raisins, dates, figs, and dried apricots (the sugar is highly concentrated).
Fruit Juices: Even 100% natural juices deliver a massive dose of fructose without the fiber that slows down digestion.

Many "healthy" alternatives to white sugar are actually significantly higher in fructose.
o Agave Nectar: Contains up to 85% fructose, which is higher than High Fructose Corn Syrup.
e Honey: Typically contains more fructose than glucose, making it a common "High FODMAP" food.
¢ Molasses: High in various sugars, including fructose.
e Coconut Sugar: Often marketed as low-glycemic, but it still contains significant amounts of fructose.

Fructose is frequently used in packaged foods because it is cheaper and sweeter than table sugar.
e High Fructose Corn Syrup (HFCS): Found in sodas, salad dressings, and commercial breads.
e Crystalline Fructose: A pure form of fructose often used in "enhanced" waters and sports drinks.

¢ Inulin and Chicory Root: While technically a fiber, these are chains of fructose molecules (fructans). In the gut, bacteria

break these down into free fructose, causing significant gas in SIBO patients.

While less common than in fruits, some vegetables contain enough fructose or fructans to cause issues:
e Asparagus
e Artichokes
e Sugar Snap Peas
¢ Onions and Garlic: These contain fructans, which are essentially chains of fructose that the human body cannot break
down, leaving them entirely for colonic bacteria to ferment.
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Comparison: Fructose vs. Glucose. SIBO Risk

Food Item
Agave
Honey
Apple
Table Sugar

Strawberries

Fructose Profile

Extremely High (~85%)

High (~40-50%)

High (Excess Fructose)

50% Fructose / 50% Glucose

Balanced (Low Total Sugar)

Summary Recommendations

Best for SIBO: Stick to Glucose or Pure Erythritol. These are "absorbed and gone" before they can feed the bacterial

| overgrowth.

|
|
| The "Glucose Trick": For many people, fructose is better absorbed when eaten with an equal or greater amount of glucose.
| This is why Table Sugar (Sucrose)—which is a 1:1 ratio—is often better tolerated than Agave or Apples, which have an

|

"excess" of fructose

. Checkthe Labels: Many "Keto" or "Natural" sweeteners use Inulin (Chicory Root) or FOS as a bulking agent. These are highly : |
- fermentable prebiotics that can cause a severe SIBO flare-up, even if the primary sweetener (like Stevia) is safe.
If you are currently experiencing a flare-up, sticking to glucose-based sweeteners or simple table sugar (sucrose) in |
moderation is often safer than high-intensity natural sweeteners that may contain hidden fillers.
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Recent Systematic Reviews on Artificial Sweeteners
1. Gut Microbiome Effects (2024-2025)

Key review:
o “Artificial Sweeteners: A Double-Edged Sword for Gut Microbiome” (2025)
https://www.mdpi.com/2079-9721/13/4/115
Main findings:
o Artificial sweeteners can alter gut microbiota composition, but results are inconsistent
e Common patterns observed (mostly in animal studies):
o YV Bifidobacterium, Lactobacillus
o ™ potentially harmful bacteria (e.g., Clostridium, E. coli)
¢ Potential consequences:
o Dysbiosis
o Increased inflammation
o Altered metabolic signaling
Key conclusion:
Evidence supports biological effects, but not consistent clinical harm.

Supporting systematic/mechanistic reviews (2024)
¢ Reviews on NNS and microbiome mechanisms highlight:
o Directinteraction with gut bacteria
o Changes in gene expression and microbial metabolism
o Effectsvary by specific sweetener (not class-wide) https://pubmed.nchbi.nlm.nih.gov/39452925
e Broaderreview on artificial sweeteners and rare sugars:
o Increased consumption > increased concern about microbiome disruption
o Emphasis on heterogeneity of outcomes htips://pmc.ncbi.nlm.nih.gov/articles/PMC11315849/
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2. Metabolic Outcomes (RCT-Based Systematic Reviews)

Key review:
e Frontiers in Nutrition (2025) — meta-analysis of randomized controlled trials
Main findings:
¢ No significant differences vs. control (unsweetened beverages) in:
o Bodyweight
o HbAlc
o Lipids
o Blood pressure https://www.frontiersin.org/journals/nutrition/articles/10.3389/fnut.2025.1482719/full

Interpretation:

o Artificially sweetened beverages appear metabolically neutral in short-term RCTs
Limitation:

¢ Does notdistinguish between different sweeteners

¢ Mostly short-term studies

3. Inflammation (Systematic Review of Preclinical Studies, 2025)

Key findings:
o Evidence suggests possible pro-inflammatory effects, but:
o Highly variable across studies
o Strong dependence on:
= Dose
= compound (aspartame vs sucralose vs saccharin)
= modelused https://www.mdpi.com/2072-6643/17/20/3251
Interpretation:
e Signals exist, but clinical relevance remains unclear
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4. Cross-Cutting Themes Across Reviews

Effects are compound-specific
¢ Not all sweeteners behave the same
e Saccharin # sucralose # stevia
Microbiome is a central mechanism
Most reviews converge on:
e Gut microbiota modulation as a key pathway
e Linkto:
o glucose tolerance
o insulin sensitivity
o inflammation
Evidence is inconsistent
Across systematic reviews:
Outcome Evidence strength
Weak-neutral

Neutral (RCTs)

Glycemic control
Weight
Microbiome changes
Inflammation Inconclusive
Long-term clinical outcomes | Insufficient
Human vs animal data gap
¢ Animal studies > stronger negative effects
¢ Human trials > mostly neutral
This discrepancy is a major limitation in the field

Moderate (mechanistic)
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5. Key Limitations Highlighted in Reviews

All recent systematic reviews emphasize:
e Short duration of RCTs
¢ Smallsample sizes
¢ Heterogeneous exposure (different sweeteners
lumped together)
e Lack of long-term outcomes

6. Clinical Interpretation (Evidence-Based)

From the synthesis of systematic reviews:
v Supported conclusions:
¢ Artificial sweeteners do not significantly worsen
metabolic markers in short-term RCTs
e They can alter the gut microbiome
/\ Uncertain:
e Long-term cardiometabolic risk
o Clinical significance of microbiome changes
I Not supported:
e Blanket claim that all artificial sweeteners are
harmful



How to measure glucose at home

Standard method: Fingerstick glucometer
You need:
¢ Glucometer (meter)
o Test strips (specific to the meter)
e Lancet device (to prick finger)
How it works:
1. Wash hands (food residue - false high glucose)
2. Prickfinger
3. Putadrop of blood on strip
4. Meter givesresultin ~5 seconds
This measures capillary blood glucose

When to measure (most useful)
o Fasting (morning, before eating)
e Before meals
e 1-2 hours after meals
This gives you a “glucose curve” over the day

18

What equipment to buy

Example device:
McKesson TRUE METRIX Blood Glucose Meter
v Pros
o Fastresults (~4 seconds)
e Small blood sample needed (0.5 pL)
e Stores ~500 readings
¢ No coding required (easy to use)
o Designed for home self-monitoring
Itis a solid, budget-friendly option
BUT important reality:
e Allhome glucometers have £10-15% error margin
e Even lab tests vary slightly
From real-world user experience:
“None of these home meters are 100% accurate... there is
always a margin of error.”
e Don’t obsess over single numbers
e Focus ontrends over time
. Better / more accurate options (if you want upgrade)
¢ Contour Next One (often top accuracy in studies)
e Accu-Chek Guide
e OneTouch Verio
But they are more expensive (especially strips)



What is a “healthy glucose curve”? Example curves

|
Normal (non-diabetic) | Healthy I i A Prediabetes pattern i
Fasting: |« Fasting: 85 . '« Fasting: 105 :
o 70-99 mg/dL i « After meal: 120 i '« Aftermeal: 160 :
After meals: r e 2h:95 ', e 2h:140
e Peakat~30-60 min Best location to prick
» Returnto baseline within 2-3 hours « Side of the fingertip (lateral side), not a center pad
2 hours after eating: o Use different fingers each time
o <140 mg/dL e Lookattrends, not single readings
For a meal test:
m Ideal curve (important concept) e 0 min (before eating)
Meal > glucose rises > peak > comes back down ¢ 30 min
Healthy pattern: e 60 min
e Smoothrise e 120 min
e No sharp spikes That’s 4 measurements, and clinically useful
e Quickreturn to baseline There is currently NO practical home device to

measure insulin levels like a glucometer.
Measuring insulin requires:
e Larger blood sample (usually from a vein)
¢ Lab techniques (immunoassays)
¢ Multiple reagents and calibration steps
It’s not a simple drop-of-blood test
Insulin testing is done in a clinical lab, not at home.

A Concerning patterns
e Fasting >100 mg/dL > possible prediabetes
e 2-hour >140 > impaired tolerance
e Large spikes (>180)
e Slowreturnto baseline
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Why hasn't it been invented home Insulin meter yet?

1. Insulin is present in very low concentrations
e Much harder to detect than glucose
2. It fluctuates rapidly
e Changes minute-to-minute depending on food,
stress, activity
3. Complex lab chemistry required
¢ Requires antibodies and specialized detection
systems
Not practical (yet) for a portable home device

How insulin is measured today

You can measure insulin, but only through:
ﬁ Blood testin lab
e Fastinginsulin
e Oralglucose tolerance test (OGTT with insulin)
e Usedto assess:
o insulin resistance
o metabolic syndrome

20

Since insulin can’t be measured directly:
We use glucose as a proxy

Devices:
e Glucometer
e CGM

These show the effect of insulin, not insulin itself.

Clinical insight (important)
You can have:
¢ Normalglucose
e BUT high insulin (early insulin resistance)

[l Practical approach
At home:
e Trackglucose patterns
In clinic:
¢ Check:
o fastinginsulin
o HbA1c
o possibly OGTT



Common types of sugar

Here's a clear breakdown of common types of sugar. All are primarily sucrose (a disaccharide of glucose and fructose) and
provide about 16-17 calories per teaspoon with virtually no protein, fat, or fiber. The key differences come from processing
level and how much molasses (the dark syrup byproduct of sugarcane) remains. Molasses contains trace minerals (calcium,
potassium, iron, magnesium), vitamins, and antioxidants (phenolics/flavonoids). Less-refined sugars retain more of these,
but the amounts are tiny—often negligible in realistic servings (you'd need to eat large quantities for meaningful nutrition).

Processing Levels and Types

Refined White Sugar (Table Sugar/Granulated Sugar): Fully processed from sugarcane or sugar beets. Molasses is
completely removed through multiple crystallizations, centrifugation, and sometimes bleaching. It's 99.9%+ sucrose,
pure white, fine crystals, neutral flavor. Health impact: Provides "empty calories." Rapid blood sugar rise (glycemic
index/Gl typically ~65). Linked to the usual risks of excess added sugar: weight gain, insulin resistance, inflammation,
tooth decay, higher risk of heart disease and type 2 diabetes when overconsumed. No meaningful nutrients or
antioxidants.

Brown Sugar (Light or Dark): Usually refined white sugar with molasses added back in (commercial versions). Some
traditional "brown sugars" are less refined. Darker versions have more molasses for richer caramel/molasses flavor and
moisture. Health impact: Nearly identical to white sugar in calories, carbs, and metabolic effects (Gl ~65). Slightly more
trace minerals/antioxidants from molasses, but not enough to make it "healthier." Better for baking due to moisture and
flavor.

Cane Sugar / Raw Cane Sugar: Made from sugarcane (not beets). "Raw" or less-processed versions undergo fewer
refining steps. Often overlaps with other categories below. Pure refined cane sugar is very similar to white table sugar.
Evaporated Cane Juice (or Dehydrated Cane Juice, Dried Cane Syrup): Sugarcane juice is extracted, filtered, and
evaporated to concentrate into crystals or granules. Less refined than white sugar; retains some molasses and natural
color/flavor. Sometimes marketed as "less processed." Health impact: Trace minerals and antioxidants are higher than
in fully refined sugar, but still minimal. Nutritionally and metabolically very close to white sugar. Some older claims of
better nutrient retention exist, but differences are small and don't offset the risks of added sugar.
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Turbinado Sugar (often labeled "Raw Sugar" or "Sugar in the Raw"): Partially refined—crystals are
washed/centrifuged once or minimally, retaining a thin layer of molasses. Larger, golden-brown crystals with mild
caramel flavor and crunch. Health impact: Slightly more minerals (calcium, potassium, etc.) and antioxidants than
white sugar, and possibly a marginally lower Gl due to molasses. However, experts note it's "virtually the same
nutritionally" as white sugar in practical terms. Good for topping baked goods, but not a meaningful health upgrade.
Demerara Sugar: Similar to turbinado—large crystals, light brown, from early crystallization stages. Mild toffee flavor.
Slightly less molasses than darker types.

Muscovado Sugar (or Barbados Sugar): Minimally refined or unrefined; molasses is not removed (or only partially). Very
dark, sticky, strong molasses flavor. True versions retain more of the original cane components.

Other Less-Refined Options (e.g., Rapadura, Panela, Sucanat, Jaggery/Whole Cane Sugar): These are often made by
simply boiling and evaporating sugarcane juice without separating molasses. They are darker, retain the most natural
compounds, and have aricher flavor. Sometimes called non-centrifugal sugars (NCS).

Health Impact Comparison

All these sugars are added sugars and should be limited to the same guidelines (e.g., <25-36g/day for most adults, or <10% of
calories). The body processes the sucrose similarly regardless of minor molasses content.

Nutritional Edge for Less-Refined Types: Unrefined or minimally processed sugars (muscovado, rapadura, true raw
cane, some turbinado) retain more antioxidants, phenolics, and minerals than white or standard brown sugar. Some
studies suggest they may have mild anti-inflammatory or antioxidant benefits in lab/animal models, and slightly higher
total antioxidant capacity when consumed. However, these benefits are minor compared to getting the same
compounds from fruits, vegetables, or spices. The calorie/sugar load still dominates.
Blood Sugar / Glycemic Response: Most (white, brown, turbinado, cane) have a Gl around 65 (medium). Some less-
refined types (e.g., sucanat or certain whole cane sugars) may be slightly lower (~55 in some reports) due to molasses
or other compounds slowing absorption, but evidence is mixed and differences are small in real meals. Fructose-heavy
options aren't relevant here since these are mostly sucrose.
Other Effects: Excess of any raises risks for obesity, metabolic issues, dental problems, etc. Less-refined versions don't
meaningfully reduce these risks. No sugar type is "healthy" in large amounts—the dose makes the poison.
Bottom Line Ranking by "Healthier" Potential (still all limited):

1. Least processed whole cane types (rapadura, panela, muscovado, jaggery) — tiny nutrient/antioxidant bonus.

2. Turbinado, demerara, evaporated cane juice — slight edge over white.

3. Standard brown sugar.

4. Refined white sugar — most stripped.
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Practical Advice

Choose based on taste and recipe (e.g., turbinado for crunch, muscovado for deep flavor) rather than expecting big
health gains.

All count toward your daily added sugar limit—track via nutrition labels (look for "added sugars" line).

Better alternatives for sweetness: Whole fruits (natural sugars + fiber), or use smaller amounts of any sugar while
prioritizing nutrient-dense foods.

If you have diabetes, blood sugar concerns, or specific goals, consult a doctor or dietitian—individual responses vary.

In short, less-refined sugars aren't meaningfully healthier in the amounts we typically use. They're a slightly better choice
than white sugar for flavor and trace compounds, but the real win comes from reducing overall added sugar intake. Enjoy them
mindfully!

Liquid sweeteners like agave syrup, brown rice syrup, honey, maple syrup, and molasses

are often perceived as healthier alternatives to refined sugar, but it's important to understand their impact on health and how
much is considered a healthy dose.

Impact on Health

While some of these "natural" sweeteners offer trace nutrients, they are still primarily sources of added sugar and contain
significant calories. Your body processes these added sugars similarly to refined sugar, breaking them down into the same
molecules like glucose and fructose.

Blood Sugar Spikes: When consumed in excess, these sweeteners can lead to rapid increases in blood sugar, similar
to table sugar. Consistent, large blood sugar spikes can decrease your cells' responsiveness to insulin, potentially
leading to insulin resistance and eventually Type 2 diabetes [channelnewsasia.com].

Fatty Liver Disease: Overconsumption of added sugars can prompt the liver to convert sugar into fat, increasing the risk
of metabolic dysfunction-associated steatotic liver disease (MASLD), which can lead to liver cancer and liver failure
[channelnewsasia.com].

Heart Disease: Excess fat from the liver can enter the bloodstream and contribute to clogged arteries, heightening the
risk of heart attack and stroke.

Nutrient Content: While honey and pure maple syrup do contain some antioxidants and prebiotics, these are minimal,
and the primary component is still sugar [health.clevelandclinic.org]. Agave nectar, for example, offers fewer nutrients
than honey or maple syrup.

Inflammation: All added sugars, including natural ones like honey and maple syrup, are considered inflammatory when
consumed in excess.
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Healthy Doses

Health authorities recommend limiting added sugars. The American Heart Association suggests no more than 36 grams (9
teaspoons) per day for men and 25 grams (6 teaspoons) per day for women [channelnewsasia.com]. Unfortunately, the average
American often consumes significantly more than this.

Recommendations for Sweeteners

e Prioritize Whole Fruits: The healthiest way to sweeten foods and drinks is with fresh or frozen fruit. Fruits provide natural
sugars along with fiber, vitamins, and antioxidants, which slow digestion and prevent harmful blood sugar spikes.

o Use Natural Sweeteners in Moderation: If you choose to use liquid sweeteners like honey or maple syrup, they should
be counted toward your daily added sugar limit. Be mindful of labels, as some commercial maple syrups can contain
high-fructose corn syrup [health.clevelandclinic.org].

¢ Avoid High-Fructose Corn Syrup: Diets high in fructose are linked to metabolic complications like insulin resistance,
belly fat accumulation, and high triglyceride levels.

« Be Cautious with Artificial Sweeteners: While they offer sweetness without calories, artificial sweeteners may lead to
cravings for more sweet foods and some (like erythritol) have been linked to increased risks of heart attack and stroke.
Research is ongoing regarding their potential long-term health impacts.

! The key takeaway is that whether sugar is natural or refined, it should be consumed in moderation due to its impact on
I overall health. Focus on reducing your overall sugar intake by opting for naturally sweet whole foods and being mindful
i of portion sizes for all added sweeteners

|
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Walking after a meal

It can be highly beneficial for both your metabolic health and overall well-being. Research generally suggests that even a short
walk can have a measurable impact on how your body processes nutrients.
Key Benefits of Post-Meal Walking
o Improved Blood Sugar Management: This is perhaps the most significant benefit. Light activity helps your muscles use
the glucose from your meal, which blunts the "spike" in blood sugar that typically follows eating. €CDC
o Digestion: Movement can stimulate the muscles of your Gl tract (peristalsis), which helps food move more efficiently
through the digestive system. This can reduce feelings of bloating or "heaviness."
¢ Heart Health: Regular post-meal activity contributes to lower blood pressure and improved cholesterol levels over
time. @Mayo Clinic
¢ Mental Clarity: Ashortwalk provides a "reset" for your brain, helping to reduce the post-lunch energy slump often caused
by a rapid drop in blood sugar.
Practical Tips for the Best Results
Feature = Recommendation
Timing Start within 30 to 60 minutes after finishing your meal for the best blood sugar control.
Duration Even 2 to 5 minutes shows benefit, but 15 to 20 minutes is ideal.
Intensity Keep it ata leisurely to moderate pace. Intense exercise immediately after eating can actually cause indigestion.

I If you have Type 2 diabetes or insulin resistance, a 10-minute walk after every meal is often more effective at managing daily :
: blood sugar levels than one long 30-minute workout once a day. ‘

Important Considerations
While beneficial for most, listen to your body:

e Indigestion: If you suffer from severe GERD or acid reflux, vigorous movement too soon might trigger symptoms. Stick to
a slow stroll.

e Consistency: The benefits are cumulative. Making it a habit—even just once a day after your largest meal—is better than
a single long walk once a week.
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Sweetener for specific health condition

For individuals managing specific health conditions, the type of sweetener used can significantly impact blood sugar, weight,
and metabolic health. Below is a comparison of common sugars and alternative sweeteners, along with their relevance to

various health conditions.

Comparison of Sugars and Alternative Sweeteners

Sweetener Type
Glucose Simple Sugar
Sucrose Table Sugar
Fructose Fruit Sugar
Stevia Natural
Alternative
Erythritol  Sugar Alcohol
Monk Fruit Natural

Alternative
Honey Natural Sugar

Glycemic
Index (Gl)
100

65

19

58

Impact & Best Use Case

High impact. Not recommended for diabetics; used mainly for rapid energy
or treating hypoglycemia.

Moderate-High. Common in processed foods; contributes to weight gain and
tooth decay.

Low GlI, but metabolic risk. High intake is linked to non-alcoholic fatty liver
disease (NAFLD) and uric acid spikes.

Best for Diabetes. No calories or glycemic impact; heat-stable for cooking.

Best for Keto/Weight Loss. Low calorie and doesn't spike insulin, though high
amounts may cause Gl upset.

Best for General Health. Zero-calorie, antioxidant properties, and safe for
most metabolic conditions.

Better for Coughs/Colds. Contains antioxidants but still spikes blood sugar;
use sparingly if diabetic.
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Recommendation by Health Condition

Disease/Condition Recommended Why?
Sweetener

Diabetes (Type 1 & 2) Stevia or Monk Fruit These have a glycemic index of 0, meaning they do not raise
blood glucose levels.

Fatty Liver (NAFLD) Glucose (in moderation)  Avoid high Fructose; the liver is the only organ that processes
fructose, and excess leads to fat storage.

Obesity/Weight Mgmt. Erythritol or Allulose These provide sweetness with near-zero calories, helping
maintain a caloric deficit.

Irritable Bowel (IBS) Stevia or Table Sugar Avoid Sugar Alcohols (Xylitol, Sorbitol, Erythritol) as they can
cause bloating and laxative effects.

Hypertension Natural leaf Stevia Some studies suggest steviosides may help slightly lower blood

pressure over time.
While "zero-Gl" sweeteners are better for blood sugar, they may still influence your "sweet tooth" and cravings. The best
approach for metabolic health is a gradual reduction in the overall reliance on sweetened foods.
Warning

: If you have a rare condition called Hereditary Fructose Intolerance (HFI), you must strictly avoid Fructose, Sucrose,
: and Sorbitol, as your body cannot break them down, leading to severe organ damage.
|
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Long-Term Recommendations for Sweetener Use

Recommendation Why it Matters

Rotate Sweeteners Using different types (e.g., swapping Stevia for Monk Fruit) prevents potential
gut microbiome imbalances that can occur from overusing one specific
compound.

Prioritize "Whole" Long-term, getting sweetness from whole fruits (with fiber) is always superior

Sources to isolated powders or drops, as fiber slows sugar absorption.

Monitor Gut Health If you experience chronic bloating or changes in digestion after 6-12 months of

use, your current sweetener (especially Sugar Alcohols like Erythritol) may be
the culprit.

Avoid "Acesulfame K" & For decades-long use, natural alternatives (Stevia/Monk Fruit) generally have a
"Aspartame" cleaner safety profile than older synthetic chemicals.

Best Long-Term Choices

1.

Monk Fruit: Currently considered the most "stable" long-term choice because it is derived from a fruit and contains
antioxidants (mogrosides).

Stevia (Leaf Extract): A safe botanical choice, though some find the bitter aftertaste difficult for permanent use.
Allulose: A newer "rare sugar" that behaves like real sugar in the body but isn't metabolized as calories. It is showing
great promise for long-term safety without the Gl distress of sugar alcohols.

Regardless of the sweetener, the gold standard for long-term health is to lower your overall "sweetness
baseline."” The less you rely on any sweetener to enjoy your food, the better your metabolic health will be over
the next decade.
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Primary Causes of Post-Meal Drowsiness

Feeling drowsy after a meal—commonly known as the "food coma" or postprandial somnolence—is a very frequent experience.
Medical understanding points to several physiological triggers, ranging from hormonal shifts to the specific composition of your
meal.

o The "Rest and Digest" Response: When you eat, your Parasympathetic Nervous System activates. This shifts energy
away from your brain and muscles toward the digestive tract to process the food, naturally making you feel more relaxed
or sluggish.

¢ Insulin and Tryptophan: High-carb or high-sugar meals cause a spike ininsulin. This hormone helps your muscles
absorb most amino acids but leaves tryptophan in the blood. Tryptophan then enters the brain, where it is converted
into serotonin (the relaxation hormone) and then melatonin (the sleep hormone).

o The Blood Sugar Crash (Reactive Hypoglycemia): If you eat a meal high in refined sugars or white flour, your blood
sugar spikes and then rapidly drops. This "crash" often occurs about 60-90 minutes after eating, leading to a sudden
loss of energy.

¢ Orexin Suppression: Orexins are neuropeptides in the brain that keep you awake and alert. Research shows that rising
glucose levels in the blood can temporarily "switch off" the neurons that produce orexin.

Common Food Triggers

Food Type Why it causes sleepiness

Refined Carbs White bread, pasta, and sugary treats cause the fastest insulin/serotonin spikes.

Heavy Proteins Turkey, soy, and spinach are high in tryptophan.

Large Portions The more you eat, the more energy your body must divert to digestion, increasing the "rest and digest"
signal.

High-Fat Meals Fats take longer to digest and increase the release of cholecystokinin (CCK), a hormone linked to
sleepiness.

How to Avoid the Slump
Take that post-meal walk! As we discussed earlier, a 10-15 minute walk helps your muscles use the glucose immediately,
preventing the massive insulin spike and the subsequent "crash."
e Balance your Plate: Combine carbs with fiber, healthy fats, and protein. Fiber slows down the absorption of sugar,
preventing the spike-and-crash cycle.
e Hydrate: Dehydration can mimic fatigue. Drinking water throughout the day ensures your metabolism runs efficiently.
e Checkyour Sleep: If you are already sleep-deprived, the natural post-meal dip in alertness will feel much more intense.
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