Nutritional Disorders
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2. astnaAuvinaaas dietary reference intakes (DRIs) s
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5.u3781281n197nAan Vitamin A and vitamin D toxicity 1a



Spectrum of Nutritional Disorders
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Macronutrient Disorders
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Serum albumin 3.6 g/dL (normal 3.5-5.5 mg/dL)
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Case 2

* A 65-year-old man
presents with
recurrent vomiting for
3 mo.

e BW has decreased
from 60 to 50 kg.

* He cannot eat anything
other than liquids.

https://commons.wikimedia.org/wiki/File:Esophageal _adenoca.jpg

e Serum albuminis 1.5
mg/dL (normal 3.5-5.5
mg/dL)
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Characteristics

Case 1

Case 2

Body weight changes
before treatment

Dietary intake before
treatment

Inflammation

Metabolic rate

Protein breakdown

Serum albumin

Body weight response
after treatment
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Characteristics Case 1 Case 2
Body weight changes l l
before treatment
Dietary intake before { {
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Starvation-related vs. Disease-related
Malnutrition

incrense. eneigy expenditure % protein catabolism

Reduced food intake

Starvation

Fearon, K. et al. Nat Rev Clin Oncol (2013) 10, 90-99

Case 1 & Case 2
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Substrate Metabolism in Starvation

NO INFLAMMATION

“Hibernation”
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Acute phase

Metabolic rate l catabolism reactant
Fearon KC et al. Cell Metab. 2012 8;16(2):153-66
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Amino acids
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https://www.ontrackdiabetes.com/live-well/diabetes-management/insulin-what-you-should-know-
about-life-saving-hormone



Inflammation and Insulin Resistance

i

Insulin
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Hyperglycemia

—

Mitochondrial dysfunction
Oxidative stress 5.
Membrane/ER stress

Inflammation and insulin resistance

Science. 2013. 11;339(6116):172-7.



Substrates in Disease-related Malnutrition
sysiemic inflom,
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Serum albumin and prealbumm vs. inflammation

b Srvmuln s §as - T o A. AN
30,100

In acutely ill — ﬁ\y
patients, serum oo {fl %
albumin & 600 \ | C-reactive protein

|

I
I
!
!
I
I

prealbumin levels 500 -

—Serum amyloid A

decline relative to 400+

Severity Of 300 Less production

. . More catabolism

’nflammatlon 200 | Increased vascular
100 permeability frole

“Negative acute
phase protein”

Change in Plasma Concentration (%)

W

“~Transferrin

§
ny?

1 I

7 14

21

Gabay C et al. NEJM 1999 11;340(6):448-54 Time after Inflammatory Stimulus (days)



Effect of Inflammation on Treatment Response
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Summary for Cases 1 and 2

* Case 1: starvation-related malnutrition
”H|bernat|on J 4 complete response
— Reduced energy expenditure
— Reduced protein breakdown

* Case 2:disease-related malnutrition
— “Inflammation and insulin resistance”
— Increased energy expenditure
— Increased protein breakdown
— Hypoalbuminemia
—(Incomplete response to nutrition therapy



Micronutrient Disorders



Micronutrients

M i,

e Water-soluble vitamins: B and C
¢ Fat-soluble vitamins: AD E K

* Macrominerals: sodium, potassium, calcium, magnesium, phosphorus

* Trace elements or microminerals: zinc, copper, selenium, chromium,
manganese, iron, iodine, fluoride, molybdenum




Phenotype of Prolonged Critical lliness

1 - Skin tears

2 - Stomatitis

3 - Encephalopathy, neuropathy
4 - Low cardiac output

5 - Muscle weakness

6 - Delayed wound healing CRRT

———
Myosteatosis
Hepatosteatosis

N

Potential interaction between
Disease

[ Therapy
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Disease related:
- Gastrointestinal
- Fistulae

- Bile losses

- Renal failure

- Liver failure

- Large wounds

Micronutrient deficiencies

Sunshine exposure

B Cellular dysfunction

] Clinical symptoms in prolonged

critical iliness

PN

——| 0t blocd smnging H H
icronutrients are
(low protein content-no carnitine)

Therapies in ICU:

- Renal replacement therapy
- Small bowel feeding

- Diuretics, valproate
- Proton pump inhibitors

Essential for Patients
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Pre-ICU Exposure:

- Diet
- Environment Low or very low micronutrient levels
- Alcohol abuse ?2?=?? Absence of exposure

<o Relative or absolute deficiency to sunshine

Casaer and Bellomo. Intensive Care Med (2019) 45:1136—-1139



Micronutrients are Essential for Patients

+ Induction of pro-
oxidant enzymes
(NOX/NOS)

* Increased production
of ROS/RNS by
leukocytes and
anaerobic cell
metabolism

Critical iliness
Sepsis

ARDS

Ischemia Reperfusion-injury

T

Cell damage

'

------- + Protein oxidation

Tissue damage

v

Organ damage

Antioxidant Vitamins
and Trace Elements

X . * Increased loss
SR Pro-oxidants T Antioxidants | R EEEEERE - Redistribution
- Increased use

l. ..........

- Lipid peroxidation

- DNA damage

1aemesms Antioxidants 2

/ Koekkoek WAC et al.
Nutr Clin Pract. 2016;31:457-474



Micronutrient deficiencies

e Some mlcronutrlents can be synthesized endogenously:
vitamins D and K niacin (B3)

* Some are available only through the diet: vitamin C

¢ 2ol dwodn i inldaon b demsannts
Often co-exist in patients with macronutrient disorders

* Fat malabsorption results in deficiency of fat-soluble vitamins



Patients at Risk for Micronutrient Deficiencies
dovble buiden (mn unbalanced diet)

mame INadequate intake

e Malnutrition, alcohol, obesity, unbalanced diet

Co-morbid illnesses: decreased absorption, ongoing

losses, increased requirements

e Impaired Gl absorption & feeding intolerance, Gl losses through
fistulae/drains, burns/wounds, renal failure, liver failure, sepsis

e Treatment-related factors: increased losses

AV IMUINIO
e Frequent interruptions of enteral feeding, dialysis and continuous renal

replacement therapy (CRRT), diuretics, PPI, other medications

Casaer and Bellomo. Intensive Care Med (2019) 45:1136-1139
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Risk of Inadequacy

Dietary Reference Intakes (DRIs)

Recommendations for ORAL and ENTERAL micronutrient intake
for healthy populations
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RDA = Recommended
Daily Allowances

Al = Adequate intake

UL = Tolerable Upper
Intake Levels

https://ods.od.nih.gov/Healthinformation/Dietary Reference Intakes.aspx
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https://www.thaidietetics.org/?p=6120
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Thai Dietary
Reference Intake
(DRI)
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Case 3
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Case 3

What is the diagnosis?
What is the associated micronutrient?

What is the mechanism?



Answer

* Beri-Berl
* Thiamine
e Unbalanced diet
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1R ARE THIAMIN CONTENT OF COMMON FOOD

FOOD TYPE THIAMIN CONTENT (mg/100 g)
Wheat flour (whole meal) 0.4-0.5
Rice
Whole rice 0.50
Polished rice 0.03
Rice bran 2.30
Vegetables
Peas 0.36
Other legumes 0.4-0.6
Potatoes 0.10
Cow’s milk 0.04
Meats
Beef 0.3
Lamb 0.2
Pork =1.0
Poultry 0.1
Refined sugars Nil

Modern nutrition in health and disease. 11th ed. Editors: AC Ross et al.



Vitamin B1 (Thiamine) ”“Hiﬁ“”%sj
N = Sony N

CH,-CH,-OH

CH,

a8

Coenzyme in glucose metabolism

Synthesis of acetycholine (neurotransmitter)

Deficiency seen in:

— Alcoholics _

— Eating highly pglgiﬂss\l"i‘ed rice (SE Asia)

—Inadequate amount in staple food (S America, Africa)

Body storage = 25-30 mg (~1 month supply)— if vsbalanced diet - naTa
—Muscle, heart, liver, kidney, and brain

Modern nutrition in health and disease. 11th ed. Editors: AC Ross et al.



Thiamin has an important
role in energy homeostasis

Y
Glucose-6-phosphate — Ribose-5-phosphate

Pentose . A 1
shunt Xylulose-5-phosphate P 111"' O 9[\,50[\{3‘5
® WKreb's ulclu
Y
Glyceraldehyde-3-phosphate Sedoheptulose-7-phosphate
Alanine=—==Pyruvate —> Lactate 11111)“1\11 @ TYMUIIB"OMS‘B
Mitochondrial Membrane @ pDHC
Pyruvate Acetyl CoA » Acetylcholine @ d—\uioguiamit dCh""quﬁ“e
Aspartate=<=—=0xaloacetate Citrate

Citric Acid Cycle

oKetoglutarate = Glutamate

l GAD

T GABA

Succinate

Modern nutrition in health and disease. 11th ed. Editors: AC Ross et al.



Thiamine deficiency

* Wet beriberi

— Extensive peripheral vasodilation

— High output cardiac failure causes edema
* Dry beriberi (,[eml to jvw Moew
—Peripheral neuropathy from nerve demyelination
— Korsakoff syndrome due to neuronal loss in brain

—Hemorrhage in brainstem causes Wernicke encephalopathy



Summary: Micronutrients

. Dletar}/ referenc intakes (DRIs)
Ajanmamli dequale | ou%suamuenlo N3

— RDA = Recommended Daily Allowances, Al = adequate intake
\limmﬁmmbua a fomicit

— UL = Tolerable Upper Intake Levels

* Mechanisms of micronutrient deficiencies
— Decreased intake (malnutrition, unbalanced diet)
— Altered absorption (Gl surgery)
— Increased losses (Gl fistula, dialysis)

* Examples of micronutrient deficiencies: thiamine, niacin,
vitamins A, C, and D, zinc

 Examples of micronutrient toxicity: vitamins A and D
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* Thai Dietary Reference Intake (DRI)
https://www.thaidietetics.org/?p=6120

* Berger MM et al. Micronutrient Deficiencies in Medical and
Surgical Inpatients. J Clin Med. 2019; 8(7):931.

doi: 10.3390/jcm8070931. PMID: 31261695

* DiBaise M, Tarleton SM. Hair, Nails, and Skin:
Differentiating Cutaneous Manifestations of Micronutrient
Deficiency. Nutr Clin Pract. 2019; 34(4):490-503.

doi: 10.1002/ncp.10321. PMID: 31144371
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