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Pathophysiology of Noncommunicable
Diseases (NCDs)
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Motality among Thai per 1000,000 Population
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Obesity Definition

= QObesity is a chronic, relapsing, multifactorial, and
progressive disease characterized by excess or
abnormal adiposity that impairs health. It results
from complex interactions among genetic, biological,
environmental, behavioral, psychosocial, and
socioeconomic factors.

= Recent guidelines emphasize that obesity should not
be defined solely by body weight or BMI, but rather
by the presence, distribution, and functional impact
of excess body fat on health.




Elevated body weight or BMI

Clinical confirmation of abnormal fat mass
(by anthropometric measures or direct body fat measurement)

No

Yes

v

v

No obesity

(no excess fat mass)

(eg, athletes)

Obesity
(excess fat mass)

v

Assessment for clinical obesity
Obesity-related organ dyfunction,
limitations of daily activities,

or both

No

Yes

Preclinical obesity

Clinical obesity

Diagnostic Model
of Clinical Obesity

Rubino F, et al. Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. 2025 Mar;13(3):221-262



Criteria Diagnosis Obesity

BMI BMI = weight (kg)
Classification height (m)>2
Normal range Overweight Obesity
CLASSIFICATION Una UNKUNADIAU dou
BMI dustiudanne 18.5-22.9 23 -24.9 >25
92UavYWL - y
Waist to Helght ‘ soulodCiDdouav = 0.5 U1y > 90 cm

Waist Circumference WKEYv > 80 cm



Above

Metabolic Obesity

the waist

waist

Apple shape

* More visceral fat

* Higher risk of weight-related
health problems

Below the

53[130“!\) = »‘ UINNN “

Pear shape

* Less visceral fat

» Lower risk of weight-related
health problems

=8

Waist Circumference Waist to Height Ratio

Male
Female

> 90 cm > 0.5

> 80 cm > 0.5




Human Body

Composition Body ComP05|t|On

Percent Body Fat
Criteria for Obesity

=B

=
Male > 25%
Female > 30%

=T
=11



Bioelectrical Impedance Analysis (BIA)

Obesity Analysis Visceral Fat Level
e S| Nomal L O : 1 P
BMI (kgm) 10 150 185 218 250 300 350 40 450 WO 550
Bay Mans 1nzes _— 240 Reasearch Parameters
PBF I L O ;“38%, #o o sio Faf e s 363 kg
: Basal MetaboicRate 1154 keat (1255~1451)
o ot Obesity Degree 114 % ( 90~110 )
.- Bkl SMm 5.8 kg/m?
Segmental Lean Analysis Segmental Fat Analysis Recommendsd cabe miske perday 1307 ecal
Calorie Expenditure of Exercise
171k 17k 17kg Golf 104 | Gateball 112
86.8 % 193.3% 1920% Walking 118 | Yoga 118
Badminton 134 | Table Tennis 134
Tennis 177 | Bicycling 177
Boxing 177 | Racketball 177
Mountan Climbing 103 | JumpngRope 207
Aerobics 207 | Jogaing 207
Soccer 207 | Swimming 207
Japanese Fencing 206 | Racketball 206
Saquash 206 | Taekwondo 206
*Based on your current weight
*Based on 30 minute duration

SpeaEiEs Impedance
RA IA TR RL LL

Body Composition History Tﬂ)lggkw m; 4440 zg g—;l g.:
63.3 ki 4088 26 .
Wei 639 624 618 623 609 605 501

Over weight 201 200

: SMM 197 197 198 197 198 196
Athletic e ehlan Obese ik b

43 407
i + PBE_ 392 390 394 386 378 386
Standard Over fat

¥R Tt 171010 171030 171102 17215 180112 180210 180315 180403
¥Recent OTotal "5515° "oo30° '0935 1101 0833 1550 0835 0946
Low fat

muscular

+ +

)
Body Mass Index

Low fat

Low weight Low weight Thin fat

Percentage Body Fat (BF%)

>
Body Type Analysis. Standard




Insulin sensitivity T e R Hypoxia and inflammation

Lean and healthy human Human with obesity
@
Adipocyte— & @ ﬂ%:
Macrophage —— Seg
Normal adipocyte size Adipocyte hypertrophy
| BAT} q = |
Normal SAT T SAT
Normal VAT @ 08 A VAT
Functional BAT Dysfunctional BAT
1 ' J |\
{ ) ¢ ' )
Normal angiogenic ¢ Immune cell d 0 ™ Hypoxia in VAT M Adipocytokine 1 Ectopic lipid
capacity recruitment SAT ¥ Angiogenic capacity release accumulation

VAT J l
{ y 1 \ 4
Pro-inflammatory 1 Immune cell M Lipotoxicity

polarization recruitment

Yy \ A J

Preserved insulin J Inflammation
sensitivity

YYy

M Insulin resistance M Inflammation

\ J

BAT: Brown adipose tissue
SAT: Subcutaneous adipose tissue
VAT: Visceral adipose tissue Valenzuela PL, et al. Obesity and the risk of cardiometabolic diseases. Nat Rev Cardiol. 2023 Jul;20(7):475-494




Factors Influenced Chronic Positive Energy Balance

f Ca usles of 1

Overeating Low energy expenditure Physical inactivity

* Socio-cultural * Ageing * Socio-cultural

e Lack of knowledge * Sex * Physical challenges
* Peer pressure * Genetics and * Chronic fatigue

* Uncontrolled eating epigenetics * Muscle pain

* Hunger * Neuroendocrine factors * Joint pain

* Emotional eating * Prandial thermogenesis * Low fitness level

* Snacking * Brown fat * Emotional barriers
e Lack of sleep * Sarcopenia * Workplace

* Medications * Microbiota * Medications

* Medications

Bliher, M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol 15, 288-298 (2019)



Metabolic Syndrome Criteria

N1s30039: I 3 JoKkZou1nn31 dninauricalud

oVAUS=NoU INEUNN1S3Uo0¢

IJFUSOUIVIDD* ¥18: > 90 cm KEgvw: > 80 cm
lasnaisolsd > 150 mg/dL

(Triglycerides) KSo [dsunissnunnia:lasnadisalsdaw

¥18: < 40 mg/dL Keyv: < 50 mg/dL

HDL-C K30 [AsSuni1ssnunN1d: HDL-C dn
- — >
A udulaka =2 LIRS g
K30 [dsSusnaandudulaka
s:duunanaluidoa > 100 mg/dL
(Fasting plasma glucose) k3o lasunissnulsAluKkoTU

* 1neuriidusoudviodidu INeundKSUAUIDIBY (Asian-specific waist circumference criteria).



Classification According to Body Fat on Basis of
BMI and Metabolic Health

Normal weight

Overweight

Obese

Metabolically
healthy

Metabolically healthy
normal weight

Metabolically healthy
overweight

Metabolically healthy
obese (MHO)

etabolically
abnormal

Metabolically

M

Metabolically unhealthy
normal weight

Metabolically unhealthy
overweight

Metabolically unhealthy
obese (MUHO)

unhealthy

Stefan N, et al. Metabolically healthy obesity: epidemiology, mechanisms, and clinical implications. Lancet Diabetes Endocrinol. 2013 Oct;1(2):152-62.




Nutrition Therapy for Obesity and
Weight Management




LIFESTYLE THERAPY

Evidence-based lifestyle therapy for treatment of obesity should include three components

MEAL PLAN

PHYSICAL ACTIVITY

BEHAVIOR

» Reduced-calorie healthy meal plan
« ~500-750 kcal daily deficit

+ Individualize based on personal
and cultural preferences

« Meal plans can include:
Mediterranean, DASH, low-carb,
low-fat, volumetric, high protein,
vegetarian

+ Meal replacements

» Very low-calorie diet is an option
for selected patients and requires
medical supervision

Team member or expertise:
dietitian, health educator

 Voluntary aerobic physical activity
progressing to >150 minutes/week
performed on 3-5 separate days
per week

- Resistance exercise: single-set
repetitions involving major muscle
groups, 2-3 times per week

« Reduce sedentary behavior
« Individualize program based on

preferences and take into account
physical limitations

Team member or expertise:
exercise trainer, physical activity coach,
physical/occupational therapist

An interventional package that
includes any number of the following:

+ Self-monitoring
(food intake, exercise, weight)
+ Goal setting

« Education (face-to-face meetings,
group sessions, remote technologies)

« Problem-solving strategies
» Stimulus control

« Behavioral contracting

« Stress reduction

+ Psychologic evaluation, counseling,
and treatment when needed

« Cognitive restructuring

« Motivational interviewing

« Mobilization of social support
structures

Team member or expertise:
health educator, behaviorist, clinical
psychologist, psychiatrist

Consensus Statement by AACE and ACE on The Comprehensive Type 2 Diabetes Management Algorithm-2020. Endocr Pract. 2020




Response to Therapy and Weight Loss Target
for People with ABCD

Weight Reduction Necessary for Effective Treatment of ORCD
OA (Knee and Hip) 7
CVD Risk 7
Dyslipidemia, GERD, HTN, Hyperglycemia, PCOS j
T2D Prevention & T2D Treatment / Remission 7

30% 35%

Nadolsky K, et al. American Association of Clinical Endocrinology Consensus Statement: Algorithm for the Evaluation and Treatment of Adults with Obesity/Adiposity-Based Chronic Disease - 2025 Update. Endocr Pract. 2025 Nov;31(11):1351-1394.



Personalized Nutrition for Obesity Treatment

Nutrient Enhancing

Modified Diet Food for Weight Obesity-related

Management Comeplications Qr;té}gi?;ﬁz
* Low Calorie * Diet Replacement * Anti-inflammation * Support GLP-|
* Very Low Calorie * Vitamin and * Manage Lipid * High Protein
* Low Carb Diet Mineral profile, Blood * Increase Satiety/
 Low Fat Diet Supplement glucose, Blood Reduce Hunger
» High Protein * Nutrient modulate Pressure
Body * Microbiota

Composition Dysbiosis
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| Low Calorie Diet __JRia00 500k
| Very Low Calore Diet__Ji§ __a00kcal _
| Low Carb Diet i GH0c0ais.
Very Low Carb/Keto Diet —
Limit Fat____J _Low Fat Diet [ Flisa0h

Reduced Calorie Intake ‘|:

Limit Carbohydrate ‘[

High Protein mm Protein 1.2-1.5 g/kg/d

Healthy Diet mm Med Diet, Plant-based

Medical Food/Food for Weight
Meal Replacement
Management



See Do's and Don'ts

Atkins Diet
Ranked Highly in 1 Category

The low-carb Atkins diet is not a good all-purpose diet,
experts said. Unfavorable marks include ease of
compliance, nutrition, diabetes and heart health.
READ MORE »

Keto Diet

Ranked Highly in 1 Category

The keto diet is a high-fat, low-carb diet that's designed to
make your body enter a state where it’s relying on fat for
energy. Experts ranked the diet near or at the bottom in
every category, besides short-term weight loss.

READ MORE »

Eco-Atkins Diet

Eco-Atkins is a “healthier version of the Atkins diet, but compliance is likely to be

NUTRITION SCORE

1.9/5.0

OVERALL SCORE

2.2/5.0

SAFETY SCORE

2.1/5.0

NUTRITION SCORE

1.6/5.0

OVERALL SCORE

2.0/5.0

SAFETY SCORE

2.0/5.0

more difficult,” one expert said. It's restrictive and little guidance is available.

READ MORE »

Matches 1 of 1: Low-Carb

Low Carb Diet

Limit Carb intake <30% of energy
requirement

Limit refine carb, sugar and simple carb
Increase protein and fat

Increase fiber



See Do's and Don'ts

TLC Diet

Ranked Highly in 3 Categories

TLC is particularly good at promoting cardiovascular
health and is a very solid diet plan with no major
weaknesses. READ MORE »

Matches 1 of 1: Low-Fat

Ornish Diet

Ranked Highly in 3 Categories

The Ornish diet is nutritionally sound, safe and heart-
healthy, but it's not easy to adhere to the severe fat
restriction the diet demands. READ MORE »

Matches 1 of 1: Low-Fat

NUTRITION SCORE

4.4/5.0

OVERALL SCORE

3.7/5.0

SAFETY SCORE

4.4/5.0

NUTRITION SCORE

4.0/5.0

OVERALL SCORE

3.5/5.0

SAFETY SCORE

4.1/5.0

Low Fat Diet

Limit Fat intake <15-20% of energy
requirement

Limit fat and oils

Increase complex carb and protein
Increase fiber



Weight Blood Blood CvD Glycemic Risk

Pressure Lipids Mortality Control T2DM
MNT (RD) v v v v

Intensive Lifestyle

Interventions v v v v v v
Calorie Restriction v v v v v
Lower Carbohydrate v v
o /

Lower Fat v v

?Z'Etf rZUQF;'?er v v v v v

DASH v v v v v v
Mediterranean diet v v v v
Intermittent Fasting v v v

Vegetarian v v v v v

Jennifer Browns. et al. Medical Nutrition Therapy in Obesity Management. Canadian Adult Obesity Clinical Practice Guidelines. August 2020



Skeletal muscle/cells

Molecular mechanisms
1 AMPK phosphorylation
TPGC-1a expression

Related effects
T Glucose uptake and oxidation
T Glucose tolerence and insulin
sensitivity
T Mitochondrial biogenesis
1 Adiponectin receptor 1 level
1 TG accumulation

Adipose tissue

Molecular mechanisms
T AMPK phosphorylation
TPPAR-y expression
| MAPKs phosphorylation

Related effects
T Insulin-stimulated glucose uptake
T Adiponectin
TGLUT4 gene expression
1 Thermogenic gene expression in
brown adipose tissue
1 Energy expenditure
Inflammation

\ /

Myocardial/renal tissue

and immune cells
Molecular mechanisms

1 AMPK phosphorylation

1l TLR4 expression

I NF-xB activation

Related effects
| Pro-inflammatory cytokines
! Inflammatory cell infilration
| Apoptosis

Flavonoids

g;g_@

Gastrointestinal tract

Molecular mechanisms

e Inhibition of carbohydrate
digestion enzymes

e Altered microbiota
composition

» Microbiota-generated
flavonoid metabolites

Related effects
| Postprandia hyperglycaemia
| High-fat/calorie diet induced

metabolic syndrome
| Anti-inflammatory effects

Vascular smooth muscle
and endothelial cells

Molecular mechanisms
TAMPK phosphorylation
TPKA activation
JERK1/2 phosphorylation
1 P38 MAPK phosphorylation
e Modulation of vascular ion

channels

Related effects
1eNOS activation
T Nitric oxide level
1 Vasodilation
1Blood pressure
1 ROS production

Liver and pancreas

Molecular mechanisms /£
T AMPK phosphorylation
TPPAR-a expression
TIRS2 expression and

signaling
1 Activation of L-type calcium

channels
1 SREBP-1c level

Related effects
| Hepatic steatosis
l Lipogenesis
T Fatty acid oxidation
T Adiponectin receptor 1 and 2 level
T B-cells survival and function

Phytonutrient and
Molecular Pathway
to Improve Metabolic

Mozaffarian, D. Dietary and policy priorities to reduce the global crises of obesity and diabetes. Nat Food 1, 38-50 (2020)



Phytochemical and Anti-obesity Mechanisms

Bioactive compound Main anti-obesity mechanisms

Polyphenols

Alkaloids

- | Adipogenesis/lipogenesis (via PPARy, C/EBPa
i and SREBP-1c suppression)
Quercetin, - 1 Fatty acid oxidation
Resveratrol, » 1 Thermogenesis
Curcumin. EGCG « Antioxidant and anti-inflammatory effects (via
L ' NF-kB inhibition, | TNF-a and IL-6)
Anthocyanins, . AMPK activation
Genistein, Rutin, * Modulation of Wnt/B-catenin signaling
Fisetin * Epigenetic regulation (DNMT/HDAC inhibition)
* Modulation of gut microbiota
(| Firmicutes/Bacteroidetes ratio)

* 1 Energy expenditure and thermogenesis (via
. o TRPV1/UCP1 upregulation)
Berberine, Capsaicin, .| appetite (via POMC activation/NPY
Caffeine, Ephedrine, suppression and 1 GLP-1 secretion)
Piperine * Increased insulin sensitivity
* Lipolysis
* Modulation of Wnt/B-catenin signaling

Toprak K, et al. Phytochemicals and Obesity: A mini Review from the Dietary Phytochemical Index Perspective. Curr Nutr Rep. 2026;15(1):37



Phytochemical and Anti-obesity Mechanisms

Bioactive compound Main anti-obesity mechanisms

Carotenoids,
terpenoids,
phytoestrogens

Saponins

Isothiocyanates &
organosulfur
compounds

« Antioxidant and anti-inflammatory effects
(via NF-kB inhibition, | TNF-aand IL-6)

* Regulation of lipid metabolism

+ Adipocyte browning (1 UCP1 expression)
* Estrogen receptor-mediated effects in
postmenopausal obesity

* | Appetite (central regulation of POMC, NPY,
. and AgRP neuropeptides)
Panax ginseng, - | Adipogenesis (via Wnt/B-catenin activation
Ginsenosides and PPARy/C/EBPa suppression)

+ | Intestinal lipid absorption and pancreatic
lipase inhibition
* Epigenetic regulation (HDAC and DNMT
inhibition)
* | Adipogenesis/de novo lipogenesis (via
PPARy, C/EBPa, and ACC suppression)
* Improvement of lipid profile and strong
antioxidant defense

Toprak K, et al. Phytochemicals and Obesity: A mini Review from the Dietary Phytochemical Index Perspective. Curr Nutr Rep. 2026;15(1):37

Sulforaphane, allicin



Mediterranean diet

|

Faecalibacterium spp. ®
Roseburia spp. 1
Collinsella spp. ¥
Ruminococcus spp. ¥

A

1 Secondary bile acids

1 SCFA fermentation
pathway

1 Dietary fibre
degradation, pectin
degradation, mannan
degradation pathway

1 SCFA production

High-fibre diet

|

Prevotella spp.
Bifidobacterium spp.
Lactobacillus spp.
Faecalibacterium spp.

Y
1 Lipid profile

¥ Colon transit time

V Inflammatory markers
1 SCFA production

Plant-based diet

l

Prevotella spp. 1
Bifidobacterium spp.
Lactobacillus spp.
Bacteroides spp. M
Akkermansia spp.

Y

1 Polyphenols and, thus,
antimicrobial property
against pathogens

1 SCFA production

High-protein diet

|

Bacteroides spp. 1
Bacillus spp.
Clostridium spp. 1t
Propionibacterium spp. M
Fusobacterium spp.

A

1 Short peptides,
free amino acids

\

™ SCFA, BCFA
production, indoles,
phenolic compounds

Ketogenic diet

Bifidobacterium spp. ¥
Actinobacteria ¥
Firmicutes ¥
Bacteroides spp.1t

y
M B-Hydroxybutyrate
ketone levels

y

¥ Intestinal T,17 cells
¥ SCFA production

M Lipids

M Carbohydrates

| Proteins

Alcohol

Ross FC, et al. The interplay between diet and the gut microbiome: implications for health and disease. Nat Rev Microbiol. 2024 Nov;22(11):671-686

X
O

Western diet

l

Bacteroides spp. 1
Bilophila spp.
Alistipes spp.
Blautia spp. ™
Ruminococcus spp. T

l

¥ SCFA production

J Secondary bile acid
production

1 Endotoxins
™ TMA, TMAO

l

M Chronic inflammation

1 Increased oxidative
stress

1 Immune dysregulation

1 Risk of metabolic
disorders
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Weight Management

MEAL

REPLACEMENT

COCOA FLAVOR
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Shake Chocolate
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ICED CINNAMON CINNAMON

DOLCE LATTE LATTE SHAKE
Calories: 210 VS Calories: 200
Protein: 8g Protein: 24 g

Carbohydrates: 36 g Carbohydrates: 18 g
Fat:4g Fat:4g
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b 4
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(6) NIMNUTUAFINN 7| BB 1,000 nlauAaas (4,180 Nlaaa) TBunousssald

(M) INULD

(B-carotine) TuiFNNouARELWA

() lulemu

(0) neaunUIngn

laitiasngn 5,000 MUNLAINA WIBLLAN-LALINY

lutiaengn 30 uuaaINE

a o

lutiaengn 60 Naansy

a o

laitiaanan 1.5 Aadnu
laitlaeindgn 1.7 Aadnu
laitiaeindn 20 Raansu
laitiaanan 2 Aadanu
laitlaeindn 6 lulasniu
laifineindn 0.4 Aadnsu
Taifinenan 0.3 Tulasndu

Taitiaenan 10 Raansu

1 o= 1 1 ~— i e o 1 J
Hinaaudaiiagng < sia 1,000 Alauaaes (4,180 Alaqa) TuilFunudssialill

NAILUAY
Aanei

(
(@) LNaNTA
(

) masw

laitiaaingn 1 nfu
laitiaengn 1 nfu
laitiaaingn 18 Naansu
laitiaaingn 150 Tulasnun
laitiaaingn 400 Jaansu
laitiaangn 2 Aaaniu
laitiaaingn 15 Raansu
laitlaandn 1.2 nfu
laitiaaingn 2 Aaaniu
laitiaangn 1 nfu
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Nutrients Composition of LCD, VLCD, VLCKD

Very Low Calorie

Low Calorie Diet Very Low Calorie o
Ketogenic Diet

(LCD) Diet (VLCD) (VLCKD)
Energy (kcal) 1200 600 — 800 800
Protein (g) 80 — 100 60 — 80 60 — 80

Carbohydrate (g) 130 — 150 100 — 130 <30
Fat (g) 25 — 40 0-10 40

Bettini S, Belligoli A, Fabris R, Busetto L. Diet approach before and after bariatric surgery. Rev Endocr Metab Disord. 2020 Sep;21(3):297-306

Castellana M, et al. Efficacy and safety of very low calorie ketogenic diet (VLCKD) in patients with overweight and obesity: A systematic review and meta-analysis. Rev Endocr Metab Disord. 2020 Mar;21(1):5-16
Muscogiuri G, et al; OMTF/EASO. European Guidelines for Obesity Management in Adults with a Very Low-Calorie Ketogenic Diet: A Systematic Review and Meta-Analysis. Obes Facts. 2021;14(2):222-245



VLCD and VLCKD as Total Diet Replacement for
Obesity Treatment

4
& 30
"' azj'é;
: y - - oy
(once daily) (twice daily) o
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7
N
\-“
>
Maintenance
Active Stage Re-education Stage Stage
VLCK diet (600-800 kcal/day) LC diet (1200-1500 kcal/day) balanced diet
80% of target weight 20% of target weight (1500-2200
kcal/day)
[ Multidisciplinary team (dietary counselling/ physical activity/ psychological support). ]

Muscogiuri G. et al. The management of very low-calorie ketogenic diet in obesity outpatient clinic: a practical guide. | Transl Med. 2019 Oct 29;17(1):356.



Total Diet Replacement Program

Nutrition program during total diet replacement
* Divide diet replacement for 3 — 4 meal times/d
* Additional 2.25 litre of non calorie containing fluids
water, herbal tea, black cofee etc.
e Multivitamins and trace-elements supplement
* Fiber supplement 1 - 2 sachet daily such as mucilin, fybogel
e Sugar-free gum if you desire to chew
* Not recommend alcohol intake
Exercise
* Aim for up to 30 min moderate activity or exercise at any one time
for 3-5 times/wk to achieve 150 min/wk
* Resistance exercise for preserve muscle mass and muscle strength @ Counterweight’

https://www.directclinicaltrial.org.uk
Counter Weight.The leader in evidence based weight management.



GLP-1 RA Anti-Obesity Medication

Blood vessels <

> Pancreatic islet cells

\

V Blood ‘
pressure "f\; Tlnsulln
Y/

/ / 1 Somatostatin

Pancreatic —é—\/—,
islet /L0

Acinar cell % | AN

NAROZ

Duct

J Glucose
/> ¥ Glucagon

o\

GLP1and GLP1R
Gastrointestinal tract «——————/  agonists

V Gastric emptying Stomach

—————> Central nervous system
¥ Chylomicron secretion S \7\\ . Adipocyte
Vi Brain :

y : N\
GLP1R agonist-related ( g b i ,@
adverse events A 1Y -

e Nausea - — Intestines

‘\ . s '
° Diarr'h.oea ™ = R sl \/ Ad|p03|ty

e Vomiting (1 - J Body weight
e Gallbladder disorders

J Inflammation

Ussher, J.R., Drucker, D.J. Glucagon-like peptide 1 receptor agonists: cardiovascular benefits and mechanisms of action. Nat Rev Cardiol20, 463-474 (2023



Factors Associated with Muscle Loss During
GLP-1 Therapy For Obesity

N\ Caloric restriction
| W (negative energy
/U balance)

Inadequate protein/

Aging nutrient intake
o 4 Y »
Pre-eXISItlng low — Reduced appetite,
muscle mass, g 3 « food aversion,
sarcopenia, and/ 2 “ /|l taste changes

or malnutrition

Presence of i) - Gasteitastial
comorbidities i " b 4 bastrointestina
(e.g,T2DM) U N side effects

BN
History of weight <) oo s
recycling @ Physical inactivity

Mechanick JI, et al. Strategies for minimizing muscle loss during use of incretin-mimetic drugs for treatment of obesity. Obes Rev. 2025 Jan;26(1):e13841



High Protein
3g+ of Fiber
GLP-1 Friendly %

High Protein Diet
For Synergic Effect with

GLP-1| Secretion

Low caloric density

(low fat and low carb diet)

High protein 1.2-1.6 g/kg/d

High fiber

Restricted simple sugar, sugar beverage
Adequate micronutrient and fluid
Herbal for Gl tract releive : mint,
ginger




Nutrition Therapy for Diabetes and
Glucose Control




=

Insulin

The pancreas
makes the
insulin,

Glucose
The stomach
digests

the food.

Cell

:rl

Glucose

Insulin helps the glucose
(sugar) go into the cells.

Diabetes Mellitus

BUAvovisAIVIFOU

nUsrasAlunsiusiialsalum ey 2 Usenshie wiamun1sguainyIvneadin wagwus

smunalnlunisiinlsa asrn1seunislanlaulssiaveslsaturmnudu 6 suaneil

1.

o :noB N

Tsauvnuaiindi 1 (type 1 diabetes mellitus, T1 DM)

Tsawvnueiai 2 (type 2 diabetes mellitus, T2 DM)
Tsauvmusianauszninesiad 1 uaz 2 (hybrid forms of diabetes)
Ismmumu*?iﬁmmaﬁ"nww (other specific types)
Tsawwnuindssuadusnunsdnsss (hyperglycemia first detected during pregnancy)
Tsawwnuiiliansawsnvialaiieldsunsifdade (unclassified diabetes)

https://www.nhlbi.nih.gov/resources/what-diabetes-fact-sheet
nusNWRBURUaEKSUIsAILIKIU W.A. 2566. Tag dunAulsaiuikoulkeus:inAlng auiAudoulsnonkods:naAlng



Criteria for Diagnosis Type 2 Diabetes Mellitus

01U Unh A12NUUININYU (Prediabetes)
impaired fasting | impaired glucose TsAwnau
glucose (IFG) tolerance (IGT)
wmamnq’[ﬂa*zjmaﬂmms <100 un./ma. 100-125 un./aa. - 2126 un./98a.
AOULTN (FPG)
wanannglaai 2 Falus <140 un./9a. . 140-199 un./aa. | 2200 un./ma.
ydshainanglaa 75 niu
2 h-PG (OGTT)
wmamnq’[ﬂaﬁnaﬂm - - - >200 un./94.
lugflennisdniau

glalnatuweiud (A10) <5.7 % 5.7-6.4 % >6.5 %

nusNLRBURUaEKSUIsAILIKIU W.A. 2566. lag dunAulsaiuikoulKeus:inAlng auiAudoulsnankods:naAlng



Pathophysiology of Hyperglycemia in T2DM

(7) Brain (8) Gastrointestinal tract (9) Inflammation
(3) Adipose Defects Defects
tissue + Impaired appetite Defects + TChronic inflammation
regulation + | Incretin effect . .
P (4) Skeletal « T Sympathetic tone Therapeutic OpthﬂSZ.
muscles - | Dopamine activity Therapeutic options: * GLP-1 receptor agonist
Therapeutic options: * GLP-1 receptor agonist ; iGIt'T.znlgh'b'to; "
: i « Anti-inflammatory agents
) « GLP-1 receptor agonist * DPP-4 inhibitor b
(5) Liver « Dopamine agonists
Defects =
« 1 Insulin resistance (10) Immune function
Therapeutic options: Defects
+ Metformin _ « Immune dysregulation
+ Thiazolidinedione . /“' Therapeutic options:
* GLP-1 receptor agonist and + GLP-1 receptor agonist
SGLT2 inhibitor* Hyperglycaemia « Immune modulators
\ + SGLT2 inhibitor
JL0) EEETER e T (11) Stomach or small intestine,
or both
Defectcsie < Defects
* IAPP deposition + Abnormal emptying
In pancreas (1) B cells (6) Kidney (2) acells « Gut dysbiosis
Therapeutic options: » T Glucose absorption
« Future therapeutic target ?if:;at:s Defects Therapeutic options:
. Defects + GLP-1 receptor agonist
» | Function « T Glucose reabsorption lls includi « DPP-4 inhibit
icoptions: | including SGLT2 Lot piigopiask O
Therapeutic options: et : 1 glucagon « a-glucosidase
« GLP-1 receptor agonist | hyperexpression inhibitors
« Insulin o1 Inﬂamrflatlon. and fibrosis | Therapeutic options:‘ « Amylin analogues
+ Sulfonylurea Therapeutic options: + GLP-1 receptor agonist » Metformin
« Meglitinides + SGLT2 inhibitor + Amylin analogues
» DPP-4 inhibitor « Non-steroidal selective MRA | « DPP-4 inhibitor

Ahmad E, Lim S, Lamptey R, Webb DR, Davies MJ. Type 2 diabetes. Lancet. 2022 Nov 19;400(10365):1803-1820



Target of Blood Glucose Control

dn12zgUneuIvaugeeny Whnwneszau Alct seautimaluifon
YULINDINIT (UN./AA.)
Aagua e liillsasau 7.0-7.5 % 80-130
Havorgifimnududouliunans® <8% 90-150
Havorgidamnududouinn Lailsiszyen Winssnwivaniaenns 100-180

mnamluiden wazlilviinens

Mnanzhmagluiien

t Wmneseau AIC annsafmualiisinasld dilifannzdimailuden annhniamludensuus: wislineliia
mszwinlunsguashw
S N Y = & v v [y v o 1Y a a & ' & v v 4 3
loun ggeengnillsaizedideriosnisnsinwmdeemiensuiuudsunginssu (aus 3 Tsaduly laun deiden uxis
ve v - v : o0l .~, w v A
amziladumar Tsaduain Tsagaanldanes azanuiuladings angndulaanylild lsalasedisdu 3 Auly
1% Y o o a w o v ¥ :
lsandnantlevilanie lsavaenidenaues) vie gyidemiuannsalumahiainsussdriuduge (instrumental
activities of daily living) fiausi 2 ag19%uly vi3e dnmeanuiAnunnieudntiosfisuunans (cognitive impairment)
**Ivnu da = a a v I&'us lié"l‘lv- uch
fun Jeee1gilanagiisis (long term care) vide svavvinevaslsaizads @aus 1 1saTuly laun anagiladuvan
dd a a 4 v dy o < i P v A g va
svur 3-4 lsaveaiiiieieendiau lsalnFeiiidesimenta uziiszezuninzate Flsamarinelviiineinis
. - . o o oo UL E
wieggdunisvinnunazanenyde (life expectancy)) e gadsaruaninsnlunsviiainsussdriudunuguaue

2 agneulU w3e dnneanuifnunniasuminansdiaguuse
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M3AUAN / N1SUHURAD wWmane

5¥AULDA A UDA ABLAHLADTRA " T t f
- 919 20-40 Yuaeitaduidvsvadlsaidlauasvaonidon <100 uN./A8. LA¥AAAIN a rg e O

> 2 Uiy viie 97y 40-75 Vuaiitaduidusveslsahle Fdadiy 230% .

wazviaaniden < 2 Uady RIS |< CO ntrO|S to
- 919 40-75 U uasiitaduidusvedlsahlauazvasniden <70 UN./AA. LATARAIIIN

> 2 thit e >50% Prevent Vascular
- 919 40-75 Y uazilulsairlauazvaenidon <55 UN./AA. WaLanaIIN
(AMATNVANIUTEAU 2, dvineuugth +) Aniags > 50% C O m | i C a t i O n S
Aanusulain® > p
- anuiulaindalnda (systolic BP) <130 uu.Uson
- amudiuladinlauealnda (diastolic BP) <80 uu.Usem
(AMAMMVANFIUTEAU 2, dvineuugth +)
i
amininlugiiwinduviesau 5% vwiindasy
(AMAMNUANFIUTEAU 1, dvineuugih ++)
- avllinany 18.5-22.9 Nn./ms.4l. wIBlnaiAsa
- spuERUNITYARR (Tedpane)” Litiudiugemns 2
nsgUYY3 iguyriuasvdnideamsiu
(AaunMUENgINTEAU 1, thuiinduuzth ++) Afuyns
nANEE Taiftu (nlusamaudassh
(hwiinduuga ++) Huadansn fumuuuztie
n1seaniaeng AUATMUET BN

(AAMMVANEIUTEAU 2, thwidnAwugi +)
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Pathophysiology of Diabetes Progression

Health Impaired Fasting Glucose/ Type 2 Diabetes
€d t U Impaired Glucose Tolerance Mellitus

Lifestyle Intervention, Pharmacotherapy, Bariatric
Surgury

Diabetic Prevention
Normal glucose level
Proaram

Diabetic Reversal
Program



The Twin-Cycle Hypothesis

Positive calorie balance

Pre-existing muscle

insulin resistance | ++ >
v Subcutaneous fat
TLiverfat |——»| TVLDLglyceride -7/~ | storage capacity
¢ exceeded
Liver cycle Tlslet triglyceride

Resistance to insulin

suppression of ¢

glucose production N

linsulin response to

/ ingested glucose

< TPlasma glucose

TBasal insulin
secretion

Pancreas cycle

T Post-prandial glucose

Taylor R. et al. Understanding the mechanisms of reversal of type 2 diabetes. Lancet Diabetes Endocrinol. 2019 Sep;7(9):726-736.
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Principle of Nutrition Intervention for Weight
Reduction and Glycemic Control

* Energy Balance » Carbohydrate * Eating Period * Insulin * Nutrient and
* Negative * Low Carb * Time-restrict Sensitivity Drug
Energy Balance « Ketogenic Eating * Postprandial Concomitant
for Weight Loss Diet « Fasting Period blood glucose * Insulin injection
e Fat e GLP-I
e Low Sat Fat Medication
« High MUFA - Phytonl.Jtrlent
e Protein e Chromium
* High Protein
* Animal or

Plant Source



Macronutrient Composition for Diabetes Diet

« CHO 45-55 %
* Or Low CHO <30%
* Low Glycemic Index
* High Nutrient Density
* High Fiber
* Fermentable fiber,
Prebiotics

* Protein 15-20%

 High Protein
» Animal-based

* Plant based

IusMvRBURUagKSUIsAILIKIU

- Fat 25-35%

 Limit Sat fat <7%
- High MUFA

- High PUFA

* Omega-3

w.A. 2566. lag aurAuisaluikoulKoUs:NAlne aulAudoulsnankods:inAlng



Monounsaturated fatty acids
(for example, oleic acid)

polyunsaturat-

ed fatty acids
(for example,
EPA, DHA)

Flavonoids
(for example,
quercetin)

Polyphenols

(for example, oleuropein,

resveratrol, catechins)

Dietary fibre

/

Activation of
IRS1-PI3K-Akt
insulin
signalling
cascade

\ 4

M Glucose
uptake in
muscle

and adipose
tissue

Improved
insulin

sensitivity

!

{4 Endoplasmic

reticulum
stress and
oxidative
damage in
pancreatic [3-
cells

1 B-Cell
survival and
insulin
secretion

l

Preserved

B-cell function

|

Activation of
GPR120 on
macrophages
and/or
adipocytes

1

Inhibition
of NLRP3
inflammasome

|

Vv Adipose
tissue
inflammation

Improved
insulin

sensitivity

|

Activation of
AMPK in
skeletal
muscle

Y

N GLUT4
translocation
M Glucose
uptake

)

Improved
insulin-
independent
glucose
utilization

/

Inhibition of

NF-kB and COX

enzymes

4 Pro-
inflammatory
cytokines
(IL-6, TNF)

¥ Systemic
inflammation

!

Scavenging of
ROS and
inhibition of
NADPH

A 4

J Oxidative
stress and lipid
peroxidation

|

Protection of
endothelial
and

B-cell function

Production of SCFAs by gut

microbiota

/

Activation of
GPR43 and/or
GPR41

|

™ GLP1
secretion

Improved
insulin

sensitivity

|

Inhibition of
HDACs

Epigenetic

downregulation

of pro-inflam-
matory genes

V Systemic
inflammation;
improved
insulin
sensitivity

!

M Intestinal
barrier integrity
(via tight
junction
proteins)

A 4

v Metabolic
endotoxaemia
(LPS leakage)

¥ Systemic
inflammation

Barrea, L., Verde, L., Colao, A. et al. Medical nutrition therapy for the management of type 2 diabetes mellitus. Nat Rev Endocrinol 21, 769-782 (2025)



Role of Food Matrix for Gut Hea

Microbiome community ! |

Roseburia Enterobacteriaceae -]

Prevotella Bacteroidetes :

Bilophila Spirochaete -

Fusobacterium i [e— 3 o
45

Dialister el

Firmicutes

»

7
/ e
,* 1.Monomeric composition ‘ RS/ Other food matrix
2. Molecular size components , *
3. Degree of polymerization & X °
4. Chain length P TR %

P

\\
VN
)y ¢

W 4

------------------------------------- -

Food matrix - gut interactions directs the
ecological niche towards SCFA production

e Nervous control

Mondal D, et al. Functional foods with a tailored glycemic response based on food matrix and its interactions: Can it be a reality? Food Chem X. 2024 Apr 9;22:101358.



Dietary supplements evidenced for T2DM

Supplement

a-Lipoic acid

Berberine

Bitter melon

Chromium

Cassia cinnamon

Efficacy

- | FPG Gastrointestinal upset,
* 7 Insulin sensitivity headache, skin rash

- | FPG and PPG Gastrointestinal upset

Gastrointestinal upset,

* | FPG and HbAlc headache, dizziness

Gastrointestinal upset,
headache, mood
changes

* 7 Insulin sensitivity
- | FPG and HbA1c

- | FPG NA

Adverse Effects

Comments

Can decrease efficacy of synthetic
thyroid hormones

Avoid during pregnancy because of
uterine stimulant effects; antiplatelet
effects; potential drug interactions
via CYP2C9, CYP2D6, and

CYP3A4 enzymes

Avoid in G6PD deficiency because of
increased risk of favism(G6PD, a
haemolytic reaction triggered by certain
foods or drugs)

Use with caution in patients with kidney
or liver disease

Unsafe at higher doses; use caution with
warfarin or liver disease; potential drug
interactions via CYP2C9, CYP3A4,
CYP2A6, and CYP2D6 enzymes

Barrea, L., Verde, L., Colao, A. et al. Medical nutrition therapy for the management of type 2 diabetes mellitus. Nat Rev Endocrinol 21, 769-782 (2025)



Dietary supplements evidenced for T2DM

Supplement Efficacy Adverse Effects Comments

- | FPG, PPG, and Avoid during pregnancy because of

Fenugreek Gastrointestinal upset

HbAlc uterine stimulant effects
* 1 Insulin sensitivity Use with caution in people with
Flaxseed * | Insulin resistance  Gastrointestinal upset  hormone-sensitive cancers (e.g., breast
and FPG cancer)
Ginseng - | FPG Headaches Avoid if taking warfarin
. Drug-induced hepatitis Potential drug interactions via CYP1A2,
Gymnema LFPGandPPG (51 CYP3A4, and CYP2C9
vy gourd - | FPG and PPG NA Insufficient reliable information available

on toxicology

Barrea, L., Verde, L., Colao, A. et al. Medical nutrition therapy for the management of type 2 diabetes mellitus. Nat Rev Endocrinol 21, 769-782 (2025)



Medical Food for Glycemic Control
and Weight Reduction
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Diabetes — Specific Formula

Diabetes-specific Formula (DSF)

« Low Glycemic Index (Gl < 55), Lower Carbohydrate content than standard
formulas (CHO 30-50% of total calories)

« Higher proportion of complex carbohydrates that are slowly digestible to reduce
blood glucose spiking and control glycemic variability

e Substitution resistance starch, modified maltodextrin, isomaltulose, sucromalt,
Instead of maltodextrin, sucrose, and fructose

- Fat content enriched in unsaturated fatty acids, esp. MUFA , effect on LDL-c
lowering and enhance GLP-1 secretion

- Higher Fiber content, help slow gastric emptying time and promote gut health

R. Barazzoni. et al. Carbohydrate and insulin resistance in clinical nutrition: Recommendations from ESPEN expert group. Clin Nutr. 2017



G suvicaL yumkrrioN Disease Specific Formula g8 ey Disease Specific Formula
.Glu.cerna Glucerna SR Glucerna SR Glucerna Phis Once Pro Gen-DM MF Nutren Balance Boost care
(Liquid, can) Triple Care (Liquid) Triple Care
Name B s o
Name i " Nutren f @ ”
,.f,m‘ 4 — [ X 2~
'& oo‘; L P e =,
- Company Thai otsuka Thai otsuka Nestle Nestle
Company Abbott Abbott
Caloric
Caloric distribution 20:40:40 17:52:31 15:45:40 18:42:40
distribution 16:34:50 18:49:33 20:43:37 17:50:33 P:C:F (%) Gl =27 Gl =50 Gl=34 Gl =28
P:C:F (% = & - -
S gi=1o Gl =38 Gl =41 Gl =38 Keal/ 34 36 36 36
Kcal/ 250 kcal/ 223 kcal/ 45.2 41.7 1 scoop (g) (8.0g) (8.0g) (8.3g) (7.8 g)
250 mL 230 mL 10.42 10.42
1 scoop (g) ( g ( gl Protein(g)/ 10 7.2 9.5 11.0
1 serving (250 kcal, can) (223 kcal, box) (226 kcal) (180 kcal)
Protein(g)/ 48.8 42.6 38.1 44
Protein(g)/ 40 45 45 44 1,000 kcal Whey, Soy Casein, Soy Whey, Casein Whey, Casein
1,000 kcal Casein Casein, Soy Casein, Soy Casein, Soy
. ; High Oleic
Rice bran oil, ) Sunflower, Nnfiower
Eat Sotrce Sunflower f)il, Soy bean oil., Soy bean oil', Soy bean oil', Fat source Saf‘gg\::loil, Soy bean oil R(azr;c;sc:zt:aclni:,a Il\;lrLIJ;A i oil'
Canola oil Sunflower oil Sunflower oil Sunflower oil g StnfAower oll
: 2.1/box 9.45 16.67 : 16.3 16.1 15.2
Fib : .
1 IOOe(;(Ifz; I 3.6 g/can of which0.92 g of which 4.7 g FOS(s), | of which 6.7 g FOS(s), 1F g’:;(f)/ | of which5.4 g of which 13.88 g of which5.0 g el .
’ FOS(s) Fibersol-2, Sucromalt | Fibersol-2, Sucromalt ’ ca FOS(s) FOS(s) Inulin(s) FOS(s)+Inulin(s)
Osmolality . . . : Osmolality . ; ;
mOsm/kg.H20 354 (1:1) 725 (1:1) 592 (1:1) 592 (1:1) mOsm/kg.H20 320(1:1) 380 (1:1) 250 (1:1) NA

Information from: Clinical Nutrition Unit, PMK Hospital




Role of Diabetic-Specific Formula (DSF)
For Diabetes and Obesity Patients

Diabetic Specific |
Formula

Malnutrition DM

Well-nourish DM

Overweight and Obese

Meal Supplement
Increase Nutrient

Healthy food choice and

Glycemic Control

Meal Replacement,
Glycemic Control
Weight Reduction



Nutrition Therapy for Hypertension and
Blood Pressure Management
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Hypertension

Hypertension
High blood pressure = Hypertension (high blood pressure) is a

< chronic medical condition in which the blood

@ Systolic number pressure within the arteries is persistently
> is when the

i m -~ heart contracts elevated

Q)L Diastolic number = HT lead to increasing the risk of

C adl is when the . . .

e cardiovascular disease, stroke, chronic
kidney disease, heart failure, atrial
fibrillation, and premature mortality.

Clinic

Force of blood on artery wall ©2025



Lifestyle Factors in Non-westernized and

Westernized Populations

Non-westernized populations

Regular physical activity
* High energy expenditure

Non-westernized dietary patterns
* High intake of fruits, tubers,

roots and vegetables
* Low intake of processed foods

Circadian synchrony

* Regular sleep-wake cycle
¢ Eating during daytime

* Sunlight exposure

* Daytime physical activity

Effect on health parameters

* Hypertension rates

* Adiposity levels

* Glucose and insulin levels
in blood

* Blood lipids

¢ Inflammation

* SNS activity

Westernized populations

Sedentary lifestyle
* Low energy expenditure

Westernized dietary patterns

* Hypercaloric diet

* High intake of processed meat,
alcohol, sugar, refined grains and
ultra-processed foods

* High sodium-to-potassium ratio

Circadian disruption

* Irregular sleep-wake cycle
* Irregular eating pattern

* Physical inactivity

* High screen use at night

Psychosocial behaviour
* Chronic psychosocial stress

Valenzuela, P.L., et al. Lifestyle interventions for the prevention and treatment of hypertension. Nat Rev Cardiol 18, 251-275 (2021)



ORIGINAL RESEARCH ARTICLE

Blood Pressure Effects of Sodium

Reduction
Dose-Response Meta-Analysis of Experimental Studies

= To explore the effect of sodium intake on BP over a wide range of exposure

= 85 eligible trials with sodium intake ranging from 0.4 to 7.6 g/d and follow-up
from 4 weeks to 36 months

= A comprehensive dose-response meta-analysis of trials detailing effects of
changes in dietary sodium on blood pressure, using most up-to-date statistical

dose-response modeling, shows that relationship is positive, and almost but not
entirely linear

Filippini T, et al. Blood Pressure Effects of Sodium Reduction: Dose-Response Meta-Analysis of Experimental Studies. Circulation. 2021 Apr 20;143(16):1542-1567



Dose-response Meta-analysis of Changes in SBP
according Sodium Excretion among HT and Non-HT

No hypertension Hypertension

20.0 20.0
;;;’ 15.0- }: 15.0-
£ 10.0- £ 10.0-
8 3
§ 5.0 5 5.0
e e
S 0.0_ 5 0.0_
5 5
& -5.0 o -5.0

-10.0 - -10.0

00 1.0 20 30 40 5.0 6.0 00 1.0 20 3.0 40 50 6.0 7.0
Sodium (g/day) Sodium (g/day)

Filippini T, et al. Blood Pressure Effects of Sodium Reduction: Dose-Response Meta-Analysis of Experimental Studies. Circulation. 2021 Apr 20;143(16):1542-1567



Dietary
Salt Intake

4 Salt Intake

Pathophysiological
Mechanisms

Raised Blood Pressure

Blood Vessel Damage

Hormonal Pathway
Inflammatory Pathway
Immune Response

= Gut Microbiome

Gastric Mucosal Damage

Urinary Calcium
Excretion

Alteration of Body Fat
Metabolism

T Fluid and Soft Drink
Consumption

End Organ Clinical
Outcomes

Cardiac Damage
Myocardial fibrosis
Left ventricu ar dysfunction
t Left ventricular hypertrophy

* Ischemic Heart Disease
» Hypertensive Heart
Disease

+ Heart Failure

Brain Damage
4 Cerebral infarction
t Cerebral hemorrhage
t White matter lesions
t+ Cognitive function

« Stroke
* Dementia

Total Salt-associated
Global Burden of Disease:

70 Million
Disability-adjusted
Life Years and
3 Million Deaths a Year

Kidney Damage
4 Renal hemodynamic changes
t Renal fibrosis
t+ Glomerular filtration rate
t Proteinuria

+ Chronic Kidney Disease

Other Diseases/Conditions

« Stomach Cancer

» Osteoporosis

« Renal Stones

t H. pylori infection

{ Bone mineral content and density
4 Nephrolithiasis

He FJ, et al. Salt Reduction to Prevent Hypertension and Cardiovascular Disease: JACC State-of-the-Art Review. ] Am Coll Cardiol. 2020 Feb 18;75(6):632-647



2024 ESC Guidelines for the management of
elevated blood pressure and hypertension

Developed by the task force on the management of elevated blood pressure and
hypertension of the European Society of Cardiology (ESC) and endorsed by the
European Society of Endocrinology (ESE) and the European Stroke Organisation (ESO)

@ESC

European Society
of Cardiology



Recommendations

Restriction of sodium to approximately 2 g per day is
recommended where possible in all adults with
elevated BP and hypertension [this is equivalent to
about 5 g of salt (sodium chloride) per day or about a

teaspoon or less].*>**>*

Moderate intensity aerobic exercise of >150 min/
week (>30 min, 5—7 days/week) or alternatively

75 min of vigorous intensity aerobic exercise per
week over 3 days are recommended and should be
complemented with low- or moderate-intensity
dynamic or isometric resistance training (2—-3 times/
week) to reduce BP and CVD risk. 813707393

It is recommended to aim for a stable and healthy
BMI (e.g. 20-25 kg/m?) and waist circumference

values (e.g. <94 cm in men and <80 cm in women) to
reduce BP and CVD risk.*””~*"

Recommendations
for
Non Pharmacological
Treatment of BP and
CVD risk reduction

Class® Level®

McEvoy JW, et al.. 2024 ESC Guidelines for the management of elevated blood pressure and hypertension. Eur Heart J. 2024 Oct 7;45(38):3912-4018

European Society
of Cardiology



Recommendations

Adopting a healthy and balanced diet, such as the
Mediterranean or DASH diets, is recommended to
help reduce BP and CVD risk.*12438437

Men and women are recommended to drink less
alcohol than the upper limit, which is about

100 g/week of pure alcohol. How this translates into
number of drinks depends on portion size (the
standards of which differ per country), but most
drinks contain 8-14 g of alcohol per drink. Preferably,
it is recommended to avoid alcohol to achieve the

best health outcomes.'”041%:440:441

It is recommended to restrict free sugar
consumption, in particular sugar-sweetened
beverages, to a maximum of 10% of energy intake. It
is also recommended to discourage consumption of
sugar-sweetened beverages, such as soft drinks and

fruit juices, starting at a young age.*> %%’

Class® Level®

McEvoy JW, et al.. 2024 ESC Guidelines for the management of elevated blood pressure and hypertension. Eur Heart J. 2024 Oct 7;45(38):3912-4018

Recommendations for
Non Pharmacological
Treatment of BP and

CVD risk reduction

@ESC

European Society
of Cardiology



Level®

Class?

Recommendations

It is recommended to stop tobacco smoking, initiate
supportive care and refer to smoking cessation
programmes, as tobacco use strongly and
independently causes CVD, CVD events, and

all-cause mortality,428'429'431'437

In patients with hypertension without moderate to
advanced CKD and with high daily sodium intake, an
increase of potassium intake by 0.5-1.0 g/day—for
example through sodium substitution with potassium-
enriched salt (comprising 75% sodium chloride and
25% potassium chloride) or through diets rich in fruits
and vegetables—should be considered,>*®26%373:374442

In patients with CKD or taking potassium-sparing

medication, such as some diuretics, ACE inhibitors,
ARB:s, or spironolactone, monitoring serum levels of lla
potassium should be considered if dietary potassium

is being increased.

McEvoy W,

Recommendations for
Non Pharmacological
Treatment of BP and

CVD risk reduction

ESC

European Society
of Cardiology

, et al.. 2024 ESC Guidelines for the management of elevated blood pressure and hypertension. Eur Heart J. 2024 Oct 7;45(38):3912-4018



Increase potassium intake

,--//
. Increase physical activity
,//
. Optimize weight
/ management and diet

| | Reduce table salt
/' (sodium chloride) intake

. Reduce alcohol intake

® No smoking

Lifestyle Factors
on Blood Pressure and

(( P\ i :
%\ CVD Risk reduction

BP
Reduction

CV Risk
Reduction

@ESC

uropean Society
of Cardiology

“IcEvoy JW, et al.. 2024 ESC Guidelines for the management of elevated blood pressure and hypertension. Eur Heart J. 2024 Oct 7;45(38):3912-4018



Dietary Approch to Stop Hypertension
DASH Diet

4 Daily Nutrient Goals Used in

L, the DASH Studies
* (for a 2,100 Calorie Eating Plan)

Z Sana @
a 1N
',"’fu?;‘i Dressing, 'S)
@ Seeds (lg!sayo ) Total fat 27% of calories ~ Sodium 2,300 mg*
(4-5 per week) per day) \ /4
) : Saturated fat 6% of calories Potassium 4,700 mg
Protein 18% of calories Calcium 1,250 mg
>— Low-Fat Carbohydrate  55% of calories ~ Magnesium 500 mg
D_ = \ @) Cholesterol 150 mg Fiber 30g
2
2 * 1,500 mg sodium was a lower goal tested and found to be even better for
(_0“ lowering blood pressure. It was particularly effective for middle-aged and older
8 Grains individuals, African Americans, and those who already had high blood pressure.
m = oy g = grams: mg = miligrams
: ﬁ
=
(@]
2
2y Vegetables
o | & Fruits

(4-5 per day)




DASH Diet

= The DASH eating plan provides daily and weekly nutritional goals, by
recommending

= Eating vegetables, fruits, and whole grains including fat-free or low-fat dairy
products, fish, poultry, beans, nuts, and vegetable oils

= Limiting foods that are high in saturated fat, such as fatty meats, full-fat dairy
products, and tropical oils such as coconut, palm kernel, and palm oils

= [imiting sugar-sweetened beverages and sweets

= When following the DASH eating plan, it is important to choose foods that are
= Rich in potassium (K), calcium (Ca), magnesium(Mg), fiber, and protein
= Lower in sodium (Na) <2300 mg/d

= Low in saturated fats and #rans fats

National Heart, Lung, and Blood Institute. National Institute of Health (NIH). DASH Diet



DASH Diet

Whole grains
Vegetables
Fruit

Dairy

Lean meat

Nuts,
Seeds, Legumes

Fats and Oils
Limited Sodium

serving

serving

N M DM O

-8
-5 serving
-5
-3 serving

<6 serving
4 -5 serving

2 -3 serving
2300 mg

DASH Eating Plan

The Benefits: Lowers blood pressure & LDL “bad” cholesterol.

@ Eat This

/1\, Limit This

W Vegetables

Fatty meats
@ k Fruits
nﬁ Whole grains =
= —— _ it Full-fat dairy
L Fat-free or a3
8= |ow-at dairy
i!. sweetened
m Poultry — beverages
%‘ Beans y
- Sweets
‘fi} Nuts & seeds
Qé Vegetable oils ﬁ Sodium intake

National Heart, Lung, and Blood Institute. National Institute of Health (NIH). DASH Diet



Blood Pressure Lowering Effects of DASH Diet
Comparison with Antihypertensive Drugs

FDA requirement for new antihypertensive drugs (13) o FDA Approved 3-4 mmHg
Angiotensin-converting enzyme inhibitors (12) = L 4 ' ACE inh. 12 mmHg

Beta blockers (12) —— Beta blockers 12 mmHg
Calcium-channel blockers (12) —— CCB 16 mmHg

Sodium reduction (on a control diet) in participants with a baseline SBP 2150 mm Hg —— Low Na Diet ~7 mmHg
DASH versus control (at high sodium) in participants with a baseline SBP 2150 mm Hg b L ' DASH ~10 mmHg

DASH-low sodium (vs control-high sodium) in participants with a baseline SBP =150 mm Hg C ¢

DASH, Low Na ~20 mmHg

-25-20-15-10 -5 0 5
Effect on Systolic Blood Pressure, mm Hg

Juraschek SP, Miller ER 3rd, Weaver CM, Appel L. Effects of Sodium Reduction and the DASH Diet in Relation to Baseline Blood Pressure. ] Am Coll Cardiol. 2017 Dec 12;70(23):2841-2848.
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Salt Substitue

® Salt substitutes are alternatives to regular table salt (NaCl) designed to
reduce sodium intake while maintaining flavor, which beneficial for
people with high blood pressure, conditions require limiting sodium
consumption

= Potassium Chloride

= Low-Sodium Salts

= Herbal Blends

= Amino Acid-Based Seasonings

= Seaweed Products
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Nutrition Labelling and Health Claim

Useann, Lid
(free, without,
free of, no, zero)
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Dietary Components and Effects on Hypertension

Simple carbohydrates
Fructose, sucrose, Increases Pseudomonadota Low SCFAs and Impairs intestinal barrier Higher BP
and sweetened sugar | and Blautia proinflammatory function and enhances
beverages Decreases Bacteroidota and cytokines proinflammatory response
Intestinimonas
Complex carbohydrates
Mediterranean diet Increases Akkermansia, SCFAs and anti- Enhances gut barrier and Lower BP
(olive oil, vegetables, Faecalibacterium, and inflammatory com- reduces oxidative stress and
nuts, fish, and whole Bacteroidota pounds inflammation
grains)
High-fiber diet (oats, Increases Faecalibacterium Butyrate, acetate, SCFAs activate GPR41/ Lower BP
legumes, lentils, prausnitzii, Bifidobacterium, and | and propionate GPR43, reducing inflamma-
Brussels sprouts, and | Roseburia tion and improving endothelial
leafy greens) function

Kret Z, et alFood as Medicine for Hypertension: Microbiota as Mediators. Hypertension. 2025 Oct;82(10):1569-1589.



Dietary Components and Effects on Hypertension

Polyphenol-rich foods

Berries, apples, Increases Akkermansia Phenolic metabolites | Improves NO availability and Lower BP
green tea, and dark muciniphila and Bifidobacterium | 1,3-butanediol reduces oxidative stress
chocolate

Vegetables as a source of polyphenols

Garlic Increase in Lactobacillus and Allicin and S- Increase the production of Lower BP
Clostridia allylcysteine vasodilators such as hydrogen
Decrease in Turicibacter and sulfide and nitric oxide
Staphylococcus

Dietary fats

High-fat diet (Western | Reduces SCFA produc- Increased TMAO Promote systemic inflamma- Higher BP

diet, processed ers and increases the and LPS tion, endothelial dysfunction,

foods, and saturated Bacillotal Bacteroidota ratio and renin-angiotensin activa-

fats) tion

Kret Z, et alFood as Medicine for Hypertension: Microbiota as Mediators. Hypertension. 2025 Oct;82(10):1569-1589.



Beneficial of Polyphenol for Lowering BP via Known
Cardiovascular, Anti-Inflammatory, and Immune Benefits

Flavanols Tea, cocoa, v-Valerolactones Vasodilation and Scavenge free radicals to generate a flavin radical
and berries Phenylvaleric acids antioxidant Neutralizes free radical activity
Phenylpropionic acids Chelate and remove metal ions such as iron and
Phenylacetic acids copper to prevent the Fenton reaction
Hippuric acid
Ellagitannins | Pomegranate Urolithins Anti-inflammatory Inhibit the release of inflammatory mediators
and walnuts and gut health Improves mitochondrial health and improves vas-
cular endothelial function
Flavonols Onions and Phenylacetic acid Anti-inflammation | Scavenge radicals and ions
apples derivatives and immune sup-
Protocatechuic acid port
Phloroglucinol
Resveratrol Red wine and Dihydresveratrol Vasodilation and Activates endothelial nitric oxide synthase (eNOS)
grapes Lunularin 3,4- anti-inflammation to boost nitric oxide production
dihydroxy-trans-stilbene Inhibits the production of inflammatory cytokines
Piceid Reduces cardiac oxidative damage, hypertrophy,
and prohypertrophic signaling

T e T ST e O TG e O e T e GO g perrermor= 925 Oct;82(10):1569-1589.




Nutrition Therapy for Dyslipidemia and
Blood Cholesterol/ Triglyceride Lowering




HYPERCHOLESTEROLEMIA Hyperlipidemia (high cholesterol)

* Most patients feel normal until complications develop

Clinical Features ] Excess of lipids or fat in the blood
| Core clinical concept — High-yield distinction r Diagnostic clue
= 9 @ @;ﬂ = g\ 3 [ Poor cholesterol levels
—0| ' e e L ! ey Total cholesterol above 200 mg/dL
:mn:emm:cmine livid « Visible deposits suggest severe disease A ’ « Elevated LDL cholesterol LDL Q above 100 mg/dL

testing P |« Lipid profile is the key test HDL @ below 50 mg/dL

« Physical findings are more

« Symptoms often come from A0 b’ ¥ S0 O
likely in severe inherited disease

complications, not the cholesterol

fen&on xanﬂiomas

‘ Vascular compilcationé

| ﬂ(‘j‘ A~ Fatty plaque

« Tendon xanthomas \ —
« Classic clue to familial * May contribute to stroke

hypercholesterolemia * Peripheral arterial disease
« Common at Achilles tendon risk can increase

and hand tendons « Long-term vascular burden

is important
Xanthelasma "

Red blood cell

&

« Yellowish eyelid plaques

| « Can occur with lipid . hsmmf'anmily history is LDL
‘ disorders. « Early heart disease in
& mpﬁ‘l" visual clyg. relatives raises suspicion
Ug ot speciic ; : ¥ | « Think of familial
RN | 7 o\ 2 | hypercholesterolemia
Corneal arcus N T \
| . T h
| \ . Premature ASCVD clue HDL
\ |
@ K’ = Nodular swelli
o « 3 (Achilles tendon ‘
white ring around 9 Risk of r
* Gray- ng ‘ . 0 corol ‘
the comea artery am ! O Cleveland
 May suggest lipid disorder « Early angina or myocardial Clinic
in younger patients infarction may occur ©2026

| » Moreconcemingwhen | § « Major clinical consequence of |



Classification of Dyslipidemia

Hyperlipidemia (high cholesterol) Primary (Genetic) Dyslipidemia

Excess of lipids or fat in the blood

= (Caused primarily by inherited genetic abnormalities affecting:

Poor cholesterol levels
Total cholesterol above 200 mg/dL
LDL @ above 100 mg/dL
HDL @ below 50 mg/dL

= Lipoprotein production

= (Clearance

Fatty plaque

= Receptor function

Artery

= Apolipoproteins

Red blood cell = Examples: Familial hypercholesterolemia, Familial combined
hyperlipidemia

- Secondary Dyslipidemia

= (Caused by underlying diseases, medications, or lifestyle factors.

= Example: Metabolic syndrome, Hypothyroid



Development of Atherosclerosis

Atherosclerosis

normal human
artery

artery narrowed by
atherosclerotic
plaque

damaged
endothelium

smooth

endothelium muscle cells

fibrous
\ cap
macrophages ,
transformed lipids, calcium,
smooth muscle into foam cells cellular debris

© 2010 Encyclopaedia Britannica, Inc.
https://cdn.britannica.com/83/98483-050-7 | 8BBF00/diagrams-human-blood-vessels-artery.jpg
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Normal Lipid Profile

Lipid profile Normal Range Unit
Total Cholersterol <200 mg/dL
LDL Cholersterol <100 mg/dL
VLDL Cholersterol <30 mg/dL

Male : 40-80
HDL Cholersterol Fomale © 50-80 mg/dL

Triglyceride < 150 mg/dL
Lipoprotein (a) < 30 mg/dL

NCEP AT PIll: Third Report of the National Cholesterol Education Program (NCEP). Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel Ill)
https://my.clevelandclinic.org/health/articles/ | 1 920-cholesterol-numbers-what-do-they-mean
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wuInanyUURnsitanzlvdiudaund luiaenlaglailyen (Lifestyle modification)
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a. Tumsinwiflhefiliseiu TG g191nA1e familial chylomicronemia syndrome wugihlldenns
fitlasiuginunn (lwsiu < 10-15 n3usiatu) 520U medium chain triglyceride (MCT) oil 30 n3u
a9IU? [+, lla, C]
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1. wuriiag1edsleaniidinisuvunslsinsedununuiunais Wy Hus? Janey 1181
Yudnseru Wusu davias 150-300 il a3 INasavean LDL-C, TG wastiiy HDL-C 1922
[++, lla, Al

2. wuzthegnddviidnyniviedwanddnidnuni Wasnnmsguuniilulafuidesvadlsamla

v

wazvaaadeniaunsatasiuland Ay iian uenanlinsenunidaninsaglsiiusedu HDL-C*
[++, 1, B]

iuMwRsURUaNsitan:TuduRaundluidoaisUovAulsakaloia:kaoaidoa w.A. 2567
2024 RCPT Clinical Practice Guideline on Management of Dyslipidemia for Atherosclerotic Cardiovascular Disease Prevention



Coconut Oil*

Palm Kernel Oi*

Butter

Solid  Beef Fat/(Tallow)
Fats Palm Oil*
Pork Fat (Lard)

Chicken Fat

Shortening™*

Fatty Acid
Composition

Cottonseed Oil
Salmon Ol
Peanut Oil
Soybean Oil
Oils Sesarpe O?I
Olive Oil

Com il
Avocado Oil
Sunflower Oil
Safflower Oil
Canola Oil

0 0 2 30 4 5 60 70 8 9 100

Fatty Acid Composition (Percent of Total)
B Monounsaturated Fatty Acids Polyunsaturated Fatty Acids

B saturated Fatty Acids
2015-2020 Dietary Guideline for American



Fatty Acid Composition of Fat and Oils

Canola oil 7 4 2 63 62 28 19 9
Coconut oil 82 67 3 6 6 2 2 0
Corn oll 13 11 2 28 27 55 53 1
Dairy fat (butter) 63 39 12 26 21 4 3 0
Lard (pork) 39 25 14 45 41 11 10 1
Olive oil 14 11 2 73 71 10 10 1
Palm oil 49 45 4 37 37 9 9 0
Palm kernel oil 82 72 3 11 1 2 2 0
Peanut oil 17 10 2 46 45 32 32 0
Safflower oil (high linoleic) 6 4 2 14 14 75 75 0
Safflower oil (high oleic)* 8 5 2 75 75 13 13 1
Soybean oil 16 10 4 23 23 58 50 7
Sunflower oil (high linoleic) 10 6 4 20 20 66 66 0
Sunflower oil (high oleic)* 10 5 4 84 83 4 4 0
Tallow (beef) 50 30 19 42 36 4 3 1

Sacks FM, et al; American Heart Association. Dietary Fats and Cardiovascular Disease: A Presidential Advisory From the American Heart Association. Circulation. 2017 Jul 18;136(3):e1-e23



Portfolio Diet

The National Cholesterol Education
Programme Step Il (NCEPII)? forms the
foundations:

e <30% total fat

e <7% calories from saturated fatty acids (SFA)
e <200 mg dietary cholesterol daily

e Protein at 15% energy

e 20-30g fibres per day

Plus four foods / plant compounds proven to lower blood cholesterol.
Quantities given per 2,000kcal intake

) 42gnuts: tree nuts or peanuts
) 50g plant proteins: soya and pulses

) 20g viscous fibres: oats, barley, psyllium, eggplant, okra, apples, oranges
and berries

) 2gphytosterols*

) Later adaptations include 13% carbohydrate replacement with
monounsaturated fatty acids (MUFA) - avocados and olive oil.

Jenkins DJA, et al. The portfolio diet for cardiovascular risk reduction. Curr Atheroscler Rep. 2007;9(6):501-507

Glenn A, et al. Relationship Between a Plant-Based Dietary Portfolio and Risk of Cardiovascular Disease: Findings From the Women’s Health Initiative Prospective Cohort Study. | Am Heart Assoc. 2021;10(16):e021515.



Portfolio Diet

Portfolio significant reduce LDL-c, lipid proflie
and also metabolic parameter

m -17% LDL-c (25-30 mg/dL)

= -16% Triglyceride

® -12% Total cholesterol lowering
m -32% Inflammation

® -13% Estimated 10-year CHD risk

Chiavaroli L, et al. Portfolio Dietary Pattern and Cardiovascular Disease: A Systematic Review and Meta-analysis of Controlled Trials. Progress in Cardiovascular Diseases. 2018;61(1):43-53.



Mediterranean diet

AN
®— | ess Often
Meats and Sweets

Mediterranean
Diet Pyramid

; -J,\O—Weekly: Moderate Portions
~ |\ Poultry, Eggs, Cheese and Yogurt
yA

o— Often: at least Twice

each Week
Fish and Seafood

In Moderation—¢
Wine

e ®— Every Day: Base Each Meal
Around these Foods
Vegetables, Fruits, Whole
Wheat Grains, Olive Qil,
Beans, Nuts, Legumes
and Seeds, Herbs
and Spices

Every Day —e g
Water - e -
..~";')/' :
S R S\

! < " :’

S . e ©
R ] > 3 1
._", \ : A <55 »

T

4

o—Every Day
Be Physically Active;
Enjoy Meals with
Others

D e

© 2009 Oldways Preservation and Exchange Trust « www.oldwayspt.org

Food
Mediterranean diet
Recommended
Olive oil*
Tree nuts and peanutsy
Fresh fruits
Vegetables
Fish (especially fatty fish), seafood
Legumes
Sofritos:
White meat
Wine with meals (optionally, only for habitual drinkers)
Discouraged
Soda drinks
Commercial bakery goods, sweets, and pastries§
Spread fats
Red and processed meats

Goal

>4 tbsp/day

=3 servings/wk

=3 servings/day

=2 servings/day

=3 servings/wk

=3 servings/wk

=2 servings/wk
Instead of red meat
=7 glasses/wk

<1 drink/day

<2 servings/wk
<1 serving/day
<1 serving/day

R. Estruch.et al. Primary prevention of cardiovascular disease with a Mediterranean diet supplemented with extra-virgin olive oil or nuts. NEJM. June 2018



Primary Prevention of Cardiovascular Disease
with a Mediterranean Diet Supplemented
with Extra-Virgin Olive Oil or Nuts

A Primary End Point (acute myocardial infarction, stroke, or death from
cardiovascu lar causes )
Med diet, EVOO: hazard ratio, 0.69 (95% Cl, 0.53-0.91)
Med diet, nuts: hazard ratio, 0.72 (95% Cl, 0.54-0.95)

0.074
Control diet
0.06
0.05- Med diet,
o s
2
§ 0.04
o
= 0.03+
o
2
= 0.024
s Med di
g 0.01 Evo
v
000t ——————7+—————7—— 71—
0
0.0 T 7 . —T— T T T
Yea
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ed diet, E 2320
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= Mediterranean diet help reduce 28-31%
of Cardiovascular mortality in five year

follow up

R. Estruch.et al. Primary prevention

of car

diovascu

lar

disease with a Mediterranean diet supplemented with extra-virgin

olive

oil or nuts. NEJM. June 2018



Intestinal Action of Functional Foods

Lymphatic vessel

= Phytosterol competitive to cholesterol

Gut epithelium / Esterified cholesterol
hm V 5, Y P absorption

0@ | | ® Green tea interfer micelle formation

= Soluble fiber bind to cholesterol and bile acid
and excrete to Gl tract

Green tea
(catechins)

=aviy

;Igatty acids Eaccal

Favy = Probiotic absorb cholesterol itself, and
~ *Bilesalts & . ) | excretion | . . . . .
| el g otes)— N deconjugated bile acid reducing absorption

Soluble fibre

Less cholesterol .
incorporated into micelle - ABCGS5: ATP-binding cassette subfamily G member 5 (sterolin I)

ABCGS8: ATP-binding cassette subfamily G member 8 (sterolin 2)
ACAT?2: acyl-CoA cholesterol acyltransferase 2
NPCILI: Niemann—Pick Cl-like protein |

Hunter PM, Hegele RA. Functional foods and dietary supplements for the management of dyslipidaemia. Nat Rev Endocrinol. 2017 May;|3(5):278-288



Hepatic Action of Functional Foods

A

Red yeast rice
(lovastatln)

: Fish oil
m Acetyl-CoA |———> [ Free fatty amdsJ (DHA. EPA) ﬁ
allicin HMG-CoA
reductase

-SCARB1

Squalene
oxidase

Trlglycerldes
Green tea MTP
v (catechins)
Cholesterol

Bile acid |«

Sterol 4a-methyl
oxidase

Triglycerides
Cholesterol | CETP HDL

(Babeine) o

Soy protein LIPC
(isoflavones)

LDL

CETP, cholesteryl ester transfer protein; DHA, docosahexaenoic acid; &

EPA, eicosapentaenoic acid; LIPC, hepatic triacylglycerol lipase;

MTP, microsomal tr'iglyceride transfer protein; SCARBI, scavenger receptor class B member | Hunter PM, Hegele RA. Functional foods and dietary supplements for the management of dyslipidaemia. Nat Rev Endocrinol. 2017 May;13(5):278-288



Functional food Expected outcome Recommended dose
or supplement

Soluble fibre Reductionin LDL cholesterol levels by 3-5% 10g per day

Plant sterols Reductionin LDL cholesterol levels by 5-15% 2-3 g per day

Fish oil Reduction in triglyceride levels by 25-30%; might 2-4 g per day

slightly increase LDL cholesterol levels (not Krill oil)

Redyeastrice Reductionin LDL cholesterol levels by 20-30%, 1.2-4.8 g per day
reduction in triglyceride levels by 10-20%; might
increase HDL cholesterol levels

Soy protein Reduction in LDL cholesterol levels by 3-5% 25-50g per day

Berberine Reduction in total cholesterol, LDL cholesterol and 0.5 g three times daily
triglyceride levels by 10-20%; might increase HDL
cholesterol levels

Garlic Reduction in total cholesterol levels by ~5% ~10mg allicin per day

Green tea Slight reduction in total cholesterol and LDL >200mg green tea catechins per
cholesterol levels; 5% reduction in CVD risk per day or ~2.5 cups of tea per day
additional cup per day

Probiotics Reduction in total cholesterol and LDL cholesterol 10’ CFU per day or 175-350g per
levels by ~3%; might increase HDL cholesterol levels day of probiotic yogurt

Seaweed Might improve triglyceride and HDL cholesterol levels 48 g per day

Hawthorn Might reduce total cholesterol and LDL cholesterol 1.2 g per day

levels

Hunter PM, Hegele RA. Functional foods and dietary supplements for the management of dyslipidaemia. Nat Rev Endocrinol. 2017 May;13(5):278-288



Conclusion
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