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Constipation i 4%

Skin rash or dermatitis £ 7

Diarrhea & /g

Dizziness & 5§ (% M %)

Drowsiness =R, (3viff 572 $)

Dry mouth v 5z (Fulip 2 - 45 40§24 % %)
Headache 25 % ()

Insomnia % R (& &)

Nausea =& < (F g pe 2 4~)

Examples of more serious effects include:
Suicidal thoughts #= 4 4% #f

Abnormal heart rhythms £ % « &
Internal bleeding p ) x

Cancer 3k 7%
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« Warfarin

« Furosemide

« Hydrochlorothiazide
« Metoprolol

« Glimepiride

« Glipizide

« Glyburide
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« Alprazolam
« Lorazepam
» Zolpidem

« Escitalopram
« Citalopram
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« NSAIDs 8,1&2:

- Ibuprofen

- Indomethacin

- Mefenamic acid Meloxicam
- Naproxen
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Fructose metabolism and metabolic disease.

The Journal of Clinical Investigation

REVIEW

Fructose metabolism and metabolic disease

Sarah A. Hannou,' Danielle E. Haslam,? Nicola M. McKeown,? and Mark A. Herman'

'Division of Endocrinology and Metabolism and Duke Molecular Physiology Institute, Duke University Medical Center, Durham, North Carolina, USA. *Nutritional Epidemiology Program, Jean Mayer US

Department of Agriculture Human Nutrition Research Center on Aging, Tufts University, Boston, Massachusetts, USA.

Increased sugar consumption is increasingly considered to be a contributor to the worldwide epidemics of obesity and
diabetes and their associated cardiometabolic risks. As a result of its unique metabolic properties, the fructose component
of sugar may be particularly harmful. Diets high in fructose can rapidly produce all of the key features of the metabolic
syndrome. Here we review the biology of fructose metabolism as well as potential mechanisms by which excessive fructose

consumption may contribute to cardiometabolic disease.

Introduction

Glucose is the predominant form of circulating sugar in animals,
while sucrose, the disaccharide composed of equal portions of glu-
cose and fructose, is the predominant circulating sugar in plants.
As plants form the basis of the food chain, herbivores and omni-
vores are highly adapted to use sucrose for energetic and biosyn-
thetic needs. Because fructose does not circulate at high levels in

recent prospective study showed that daily SSB consumers had a
29% greater increase in visceral adipose tissue volume over 6 years
compared with nonconsumers (9). A causal association is sup-
ported by evidence that intake of 1 liter of SSB daily for 6 months
increased visceral and liver fat, but increases were not observed in
those consuming isocaloric semiskim milk, noncaloric diet soda, or
water (10). While increased visceral adiposity is a major cardiomet-
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Journal of Clinical Investigation. February 2018 DOI: 10.1172/3JC196702
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@ E S C European Heart Journal (2018) 39, 2497-2505 CLINICAL REVIEW
European Society doi:10.1093/eurheartj/ehx518 Obesity and metabolic syndrome
of Cardiology

Fructose metabolism, cardiometabolic risk,
and the epidemic of coronary artery disease

Peter Mirtschink'?*, Cholsoon jang3, Zoltan Arany3, and Wilhelm Krek'

'Department of Biology, Institute of Molecular Health Sciences, ETH Zurich, Otto-Stern-Weg 7, Zurich 8093, Switzerland; Department of Clinical Pathobiochemistry, Institute
of Clinical Chemistry and Laboratory Medicine, University Hospital Dresden, Fetscherstr. 74, Dresden 01307, Germany; and *Department of Medicine, Cardiovascular Institute
and Institute Diabetes Obesity and Metabolism, Perelman School of Medicine, University of Pennsylvania, 11th floor, 3400 Civic Blvd, Philadelphia, 19104 PA, USA

Received 7 May 2017; revised 16 July 2017; editorial decision 15 August 2017; accepted 15 August 2017; online publish-ahead-of-print 7 September 2017

Despite strong indications that increased consumption of added sugars correlates with greater risks of developing cardiometabolic
syndrome (CMS) and cardiovascular disease (CVD), independent of the caloric intake, the worldwide sugar consumption remains



Heart Kidneys

® Hypoxia driven activation of fructose uptake ®Renal hypertrophy ®|ncreased appetite and
and metabolism driving anabolic growth e Glomerular hypertension food craving behavior
and cardiac dysfunction ®Decreased leptin secretion

4 eDecreased energy expenditure

Vasculature
eHyperglycemia
eHyperfructosemia
eDyslipidemia
eEndothelial dysfunction
® Atherosclerosis
e Hypertension due to uric

acid mediated NO inhibition

Fructose, HFCS, Sucrose
intake

Adipose tissue (90% first-pass extraction)
®|nduced GLUTS expression in hypoxia *Non-alcoholic fatty liver disease
e |nflammation e Decreased insulin sensitivity e|ncreased fructose and
e \/isceral adiposity e|ncreased gluconeogenesis glucose uptake
®ER-Stress eDecreased GLP-1 secretion
®ROS production

®|ncreased uric acid production

'

Cardiometabolic disease}

European Heart Journal
(2018) 39, 2497-2505
Fructose metabolism,
cardiometabolic risk, and the
epidemic of coronary artery
disease
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Monoamine metabolism

Table 1. Factors 1 p38 MAPK. increased DEPRESSION
= - reuptake Neurocircuitry
associated with . | BH4- decreased 5HT, | Neural activation
Increased inflammation NE, DA synthesis of reward circuitry
1 IDO- decreased SHT 1 Neural activation
Obesity Bz AL Synthesis of arousal, anxiety
A and alarm

~dACC

Sedentary lifestyle X & % #%
Anhedonia F iy

Disordered sleep pEF8, 7 i+ ¥

Anxiety

>0 @ lnsilx # ﬁ@
Childhood maltreatment ; e | Basgl. A
i /—\‘-E' 4 3 orf'] orm e @ 03ng“a
Emotional and physical trauma Hﬁacc O
}_ —
- - ____)"\-—-___-*

Medical illnesses (eg, _ e Neural plasticity
cardiovascular disease, Glutamate metabolism yglaa | BDNF
diabetes, cancer, autoimmune | Astrocyte reuptake 1 | Neurogenesis
and inflammatory disorders) f Astrocyte release | Dendritic sprouting

t ﬂﬁn Blﬂcrhencge;(}?ur t Inflammatory cytokines
Bacterial or viral infection (IL-1 fl':‘fimﬁ IFN-a)
(including exposure to a high J\—
path ogen load [ eg, urﬁanitary Monocytes/macrophages
living conditions, poor <
dentition, poor hygiene]) Tells
Medical treatments (eg, INFLAMMATION
surgery, radiation, w o
chemotherapy) Figure Impact of inflammation on the brain and behavior 'EE PK X ]-I'-‘E » %

5HT, serotonin; BDNF, brain derived neurctrophic factor; BH4, tetrahydrobiopterin; DA, dopamine; dACC, dorsal anterior cingulate

Mldﬂpfﬂ'ﬁﬁant treatment cortex; IDO, indoleamine 2,3 dioxygenase; IFN-interferon; IL, interleukin; MAPK, mitogen activated protein kinase; NE, norepinephrine;

FESIE'[EI"I ce NMDA, N-methyl-D-aspartate; QA, quinolinic acid; sgACC, subgenual anterior cingulate cortex; TNF, tumor necrosis factor.



474 TAIWAN MEDICAL JOURNAL
% £AF % 2020, Vol. 63, No.8

ﬂ%‘E%ﬁEW@*ﬁ?ﬂiﬂﬁﬁﬁ’Jﬂﬁﬁ’ﬂ :
SR A 4o 2 P 1 o P ) £ €0

s |E = * 3 ok I s J . R “ )
¥ 0/ BRR %% RRS BT P }?‘5 :Fls 43T 5 lﬁ
amuncwsmmmenmr . (All diseases begins in the gut)
R B LR

syndrome) [ 5 7 [ fiE (Parkinson's disease) %
B R ER 2B BIE R & T F 2 E A
ATCHT4004F » HHERBEZ CHFERIE EEmHEY -

(Hippocrates) & giia—a)3% © ' FTAEFREHE ST BRI - ER PR AN BR 4G LAEh P =2k
7B 7E (All diseases begin in the gut.) ; » EE T BTG IE N AV E R RE R S A
FEWAFI - T+ - FER SRR EEAEE - IEMASCESYNIT S MiEEWE
BAERES - SMEHREEFFELEgNERE TR RINEEERR LEREE - F5EEE(gut-
#ERY %5 4 B (mind-altering probiotics) » FJLAAAE  |brain axis) ik 5 T G R - ®EE R DU S # RHER R
EFGEEPESSIEEINGERSR - WiE—F FiT IR A A T 7 o P A ) T L B R A U -

ot

1]

jll][




{m
i
=
i
&
&
>t
1%
F_‘L
Hy
i
=
v
1
‘.\
B

479

B
R 4

VETE 24 2 B AT e NI E S 1 o5t T A 220 E@%ﬁiﬂiﬁfl‘?’f”ﬂﬂ%ﬁﬁﬂﬁi



behaviour & cognition
¢ motivational / cognitive processes
(ethical, health, environmental motives)
¢ brain activity for language
and empathy-related tasks (e.g. amygdala)
e emotional health
* personality traits

metabolites:
1 fasting glucose (HbA1c)
T insulin sensitivity
ltotal- and LDL-cholesterol
short chain fatty acids (SCFA) )

-
.
" ot

+ neurotransmitters
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$ - neurotraqsmitter precursor
[ onounes TGS (Gut-Brain Axis)
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) . hormones
microbiome
» 1 Prevotella / | Bacteroides
* distinct metabolic pathways

overall health markers

* | BMI

* | all-cause mortality

» | risk for obesity, cardiovascular,

cardiometabolic disease, . Translational PSYyC hiat ry
type 2 diabeteg mellitus ﬁ fu Tﬁ';fd )ﬁ 5 9: 226 (2019)

o | risk for certain types of cancer




Obesity
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Thermogenesis ] l
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Adipogenesis
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Glucose uptake

Gluconeogenesis
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WAT 4 Liver
Skeletal muscle
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«— Life threatening event

v' Physical danger

¥" Emotional trauma

v" Addiction

v" Work and financial pressure
v’ Career issues, etc.
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Take Home Messages
+ & (Upstream Thinking )
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Thank you for listening







