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시작하기 전에

• Nutritional Support Team

• NST-PEP (professional education program)

• KSPEN/ESPEN/ASPEN 진료지침



Overview of Today’s Talk

• Nutrition - Malnutrition

• Carbohydrate, Lipid, and Protein

• Finding High Risk Patients and How to? 
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Energy – 초등학교 시절



Energy – 중고등학교 시절

형태 설명 예시

운동 에너지 (Kinetic energy) 움직이는 물체가 가지는 에너지 달리는 자동차, 흐르는 물

위치 에너지 (Potential energy)
위치나 상태에 따라 잠재적으로 저장
된 에너지

높은 곳에 있는 물체, 압축된 스프링

열 에너지 (Thermal energy)
온도에 따라 발생하는 에너지. 흔히 
‘열량’이라 표현됨

따뜻한 음식, 뜨거운 물

전기 에너지 (Electrical energy) 전자의 흐름에서 발생하는 에너지 콘센트, 전기 배터리

화학 에너지 (Chemical energy) 분자 결합 속에 저장된 에너지 음식, 연료, 배터리

핵 에너지 (Nuclear energy)
원자핵의 분열/융합에서 나오는 에너
지

원자력 발전, 태양의 에너지

빛 에너지 (Radiant energy) 전자기파 형태로 전달되는 에너지 햇빛, 전등, X선

소리 에너지 (Sound energy) 공기 등 매질을 통한 파동으로 전달 음악, 말소리

파동 에너지 (Wave energy)
바다, 음파, 전자기파 등 파동에서 발
생

해양 에너지, 라디오파



Energy in Biology – 대학교 시절

형태 설명 예시

열량 (Calorie) 생체 내 에너지 단위, 음식으로 섭취 탄수화물 1g = 4kcal

ATP 에너지 세포 내에서 사용되는 생체 에너지 통화 근육 수축, 세포 대사

대사 에너지 (Metabolic energy) 음식 → 세포 내 에너지로 전환되는 과정 소화, 흡수, ATP 생성



Energy, Food, and Breathing

• Food → Energy = Cellular Metabolism
• O2 = Essential for aerobic metabolism

• CO2 = Byproduct of energy production 

• O2 소모 + CO2 생성 → ATP 생성

• ATP = Core of Life = “Lungs are Life”

• Chronic Respiratory Diseases
• Reduced O2 + CO2 retention 

• Acid-Base imbalance

• Fatigue + Dyspnea → inefficient energy metabolism



Energy? Entropy? Nutrition!

Int. J. Mol. Sci. 2024, 25(12), 6321

Poor 
Nutrition

Cell Deterioration
(entropy 증가)

Aging 
Acceleration



Nutrition = Energy Process 

• Nutrition = Digestion → Absorption → Metabolism (ATP)

• Essential Nutrients 
• 1. Role

• Energy Source: Carbohydrates, Protein, Lipid

• Assistant: Minerals, Vitamins, Water

• 2. Size
• Macronutrient: Carbohydrates, Protein, Lipid, Water 

• Micronutrient: Vitamin, Minerals



Malnutrition

• Mal-Nutrition

• Deficiency, Excess, or Imbalance in energy and/or nutrient intake

• Under-nutrition

• Stunting (low height of age)

• Wasting (low weight for height)

• Underweight (low weight for age) 

• Micronutrient deficiency

• Over-nutrition

• Overweight or Obesity

WHO



Why Mal-Nutrition Matters?

• Globally, 
• 890 million = Obesity

• 390 million = Underweight

• 149 million of children = Stunted

• 2016-2025: UN Decade of Action on Nutrition



Balance between IN and OUT



TEE = Total Daily Energy Expenditure

High TEF
= 식사 후 체온 상승 → 

에너지 소비 +
포만감 → 식욕 저하 + 저

장 감소/소비 증가

High REE
= 기초 소모량의 증가

→ 저장 감소



Calculation 

WHO

연령상관계수 또는 상수가 음수
= 나이가 들수록 요구되는 열량의 감소



Age and Calories

Watson L, et al. Arch Dis Child 2023;108:545–549. 
Geriatric Medicine. Springer, Cham. 

https://doi.org/10.1007/978-3-030-01782-8_110-
1



Trends of Korean Nutrition Status

국민건강영양조사 2013-2017

30-49 50-64 ≥ 65

실 에너지 섭취량 1942.2 1829.31 1596.76

(권장 섭취량: 남/여) 2300/1900 2100/1700 1900/1400

탄수화물 섭취량(g) 256.29 265.28 254.16

단백질 섭취량(g) 74.46 68.44 58.84

지방 섭취량(g) 58.19 46.54 35.02

건강 성인



Weight Loss



Nutritional Disadvantage in COPD

Chest 1987 Feb;91(2):222-4

Increased REE + increased food thermogenesis → Weight-loss + Decreased caloric intake



Nutritional Disadvantage in IPF

Nutrients. 2020 Apr 17;12(4):1131

In IPF patients,

Similar risk (vs. COPD)

+ Drug effect 
(vomiting, diarrhea)



Decreased TEE

Weight Loss Mechanism in Chronic Respiratory Disease

Increased REE

Increased TEF



Weight Loss
- To shrink, or not to shrink, that is the question

Made by chatGPT
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P<0.001
P< 0.001



Weight Loss
- To shrink, or not to shrink, that is the question

Eur Respir J 2002; 20: 539–544
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Weight Gain



Weight Gain
- To obese, or not to obese, that is the question

Eur Respir J 2002; 20: 539–544



Weight Gain
- To obese, or not to obese, that is the question

Pulm Pharmacol Ther 2017 Apr:43:20-25



Weight Gain
- To obese, or not to obese, that is the question

• Obesity paradox
• Mod: protective

• Sev: poor prognosis

J Cachexia Sarcopenia Muscle (2011) 2:81–86



Weight Gain
- To obese, or not to obese, that is the question

J Intern Med 2019; 286: 573–582



Different Comorbidities 

J COPD F. 2014; 1(2): 229-238.



Sarcopenic Obesity

Curr Obes Rep 13, 532–544 (2024)



Sarcopenic Obesity

Curr Obes Rep 13, 532–544 (2024)



Frailty, Sarcopenia



Malnutrition, Sarcopenia, and Frailty

Rev Endocr Metab Disord24, 429–437 (2023)



Frailty, Sarcopenia → Dyspnea

CHEST 2024; 166(6):1476-1486



Frailty, Sarcopenia → Dyspnea

CHEST 2024; 166(6):1476-1486



COPD, Asthma → Frailty, Sarcopenia

Crude Adjusted

OR p-value OR p-value

CHS Frailty 1.64 (1.17-2.29) 0.003 1.38 (0.93-2.05) 0.107

CHS Pre-Frail 1.11 (0.83-1.49) 0.495 1.04 (0.74-1.45) 0.83

CHS Robust Ref

KFRAIL Frailty 1.79 (1.29-2.49) <0.001 1.99 (1.30-3.05) 0.002

KFRAIL Pre-Frail 1.74 (1.33-2.27) <0.001 1.66 (1.19-2.31) 0.003

KFRAIL Robust Ref

Frailty Index - Frailty 2.21 (1.66-2.96) <0.001 2.11 (1.41-3.17) <0.001

Frailty Index - Pre-Frail 1.74 (1.29-2.36) <0.001 1.81 (1.25-2.63) 0.002

Frailty Index - Robust Ref

Unpublished

ASPRA 평창군 노인 코호트: COPD/Asthma No vs Yes
사망

장기요양



In COPD, Asthma + Frailty, Sarcopenia

Unpublished

ASPRA 평창군 노인 코호트 + COPD/Asthma: Sarcopenia vs No, Frailty vs. Robust

No sarcopenia Sarcopenia Robust Pre-frail Frail

n 219 113 P-value 108 158 72 P-value

Mod AE count 17.24 (22.48) 51.89 (44.34) 0.013 25.00 (26.83) 41.33 (44.09) 9.57 (9.47) 0.152

Sev AE count 6.92 (5.87) 4.79 (5.47) 0.348 6.88 (5.46) 6.46 (6.48) 2.17 (0.98) 0.23

Pneumonia OPD 45 ( 20.5) 38 ( 33.6) 0.013 10 (  9.3) 21 ( 13.3) 6 (  8.3) 0.425

Pneumonia Adm 31 ( 14.2) 31 ( 27.4) 0.005 12 ( 11.1) 33 ( 20.9) 19 ( 26.4) 0.026

AE (7Y) 82 ( 37.4) 47 ( 41.6) 0.538 31 ( 28.7) 64 ( 40.5) 35 ( 48.6) 0.021

Survival (7Y) 24 ( 11.0) 31 ( 27.4) <0.001 12 ( 11.1) 26 ( 16.5) 20 ( 27.8) 0.014



Summary - 1

• Nutrition is important.

• Malnutrition: over- , under-

• Chronic Respiratory disease = more vulnerable to malnutrition

• Increased REE, increased TEF, decreased appetite 

• Weight Loss → Loss of Skeletal muscle, Loss of Fat-free muscle

• Weight Gain → Paradox, Poor in severe (comorbidities, resistin, inflammation)

• Sarcopenia, Frailty

• Another geriatric syndrome of lung → Poor outcomes: AE, pneumonia, Mortality
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• Carbohydrate, Lipid, and Protein

• Finding High Risk Patients and How to? 



Are Extra Calories Harmful?

Tuberc Respir Dis 2008;65:385-389



탄.단.지.

• 한국의 현실

• 탄수화물  4 kcal/g (45-65%)
• 연령별 섭취량의 차이가 없음. 

• 단백질 4 kcal/g (10-35%)
• 동물성 단백질%: 38% vs. 55% (30-50대)

• 지방 9 kcal/g (20-35%)
• 지방급원 에너지%: 65세 이상에서 20 이하



다양한 식단의 종류

탄수화물 지방 단백질 대표 이름 설명

저탄고지 (LCHF) ↓ 낮음 ↑ 높음 중간~높음 LCHF, 케토제닉(Keto)
탄수화물 제한 (보통 <50g/일), 지방을 주
요 에너지원으로 활용. 케톤체 생성 유도. 
체중 감량, 혈당 조절 효과 있음.

저탄저지 (Low Car
b Low Fat)

↓ 낮음 ↓ 낮음 ↑ 높음
고단백 식단(High-protei
n diet)

전체 칼로리를 낮추며 단백질 위주로 구성. 
체중 감량과 근육 보존에 목적. 지속성은 
낮을 수 있음.

고탄저지 (High Car
b Low Fat)

↑ 높음 ↓ 낮음 중간
전통식, 고탄수화물 채식, 
Ornish diet

식물성 식단 중심. 과일, 곡류, 채소 위주. 
지방을 제한함으로써 심혈관 질환 예방 목
적.

고탄고지 (High Car
b High Fat)

↑ 높음 ↑ 높음 중간
서구형 식단 (Western di
et)

정제 탄수화물 + 포화지방 섭취 ↑. 비만, 
대사질환과 연관된 식단. 건강에는 부정적.

중탄중지 (Balance
d)

중간 중간 중간 지중해 식단, DASH diet
균형 잡힌 영양소. 과일·채소·통곡물, 불포
화지방(올리브유, 견과류), 적당한 단백질 
포함. 심혈관, 당뇨 예방에 효과적.



Carbohydrate: GOOD or BAD

Good Carbohydrate = Low Glycemic index

= Slow elevation of blood glucose

(not much data in chronic respiratory disease)



Fat: GOOD or BAD

OLFD Overall Low-Fat Diet score
총 에너지 섭취 중 지방 비율이 낮고, 탄수화
물·단백질 비율이 높은 식사를 기반으로 산출
된 점수.

ULFD Unhealthy Low-Fat Diet score
정제 탄수화물, 동물성 단백질, 포화지방산이 
높은 질 낮은 저지방 식이 점수.

HLFD Healthy Low-Fat Diet score
복합 탄수화물, 식물성 단백질, 불포화지방산 
중심의 건강한 저지방 식이 점수.

IJCOPD 2024:19 2443–2455 



Glycemic Quality Matters

NMCD (2020) 30, 853-871



Why is a High-Carbohydrate diet problematic?

Chest 1993. 104:189-196



Carbohydrate Quantity (Low-Carbo Diet)

• PSM : 1882 vs 1882 명

• LCD (Low Carbohydrate diet)
• Convert to kcal → % of total energy

• Outcome
• COPD prevalence

Front. Nutr. 11:1519782.



Front. Nutr. 11:1519782.



Front. Nutr. 11:1519782.



Carbohydrate Quality

• UK biobank 2006~2010

• 502,411 participants

• 24h dietary assessment 

(+) – Oxford WebQ

• Outcome

• Risk of COPD

• FEV1 

Clinical Nutrition 45 (2025)



Carbohydrate Quality and COPD

Clinical Nutrition 45 (2025)

Free sugar
설탕, 포도당, 과당 등 첨가당 (Added sugar)
• 꿀, 시럽, 아가베 시럽
• 과일/채소에서 짜낸 주스의 당
• 과일퓨레나 농축액 등에서 자유롭게 존재하는 당

Non-free sugar
통과일, 채소에 자연적으로 들어 있는 당
• 우유에 들어 있는 유당 (lactose)

Fiber density: 에너지 대비 식이섬유 함량



Carbohydrate Quality and COPD

Clinical Nutrition 45 (2025)
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Carbohydrate Quality and COPD

Clinical Nutrition 45 (2025)



Carbohydrate Quality and COPD

Clinical Nutrition 45 (2025)



Low Carbo, Low fat 

IJCOPD 2024:19 2443–2455 



Low Carbo, High Fat: Ketogenic Diet



Low Carbo, High Fat: Ketogenic Diet

Front. Med. 8:699427

54세 (45세 진단) under ICSLABALAMA 
BMI 29.4 -> 23.8



Low Protein → AECOPD

J Thorac Dis 2021;13(10):5592-5603

Model 1: FEV1 % predicted-adjusted. Model 2: FEV1 % predicted and weight-
adjusted. Model 3: FEV1 % predicted, weight, and smoking pack-years-adjusted. 
Model 4: FEV1 % predicted, weight, smoking pack-years, and household income-
adjusted.



Protein: Whey Protein

• 치즈를 만들 때 생기는 유청에서 추출

• β-lactoglobulin, α-lactalbumin, serum albumin, 

immunoglobulins

• 필수아미노산, BCAA 포함 → 근육합성



Protein: Whey Protein

Asia Pac J Clin Nutr 2023;32(4):375-382 



Protein: Whey Protein

Asia Pac J Clin Nutr 2023;32(4):375-382 

재활+유청
단백질

재활만



Protein: Whey Protein

Asia Pac J Clin Nutr 2023;32(4):375-382 



Protein: Whey Protein

Respiratory Medicine (2012) 106, 1526-1534



Summary - 2

• Carbohydrates

• FEV1 ↓, COPD prevalence↑ 

• Debate in High or Low carbo

• Eat Good Carbo (non-free sugar, high fiber density, avoid free sugar)

• Fat: Good fat! Avoid bad fat.

• Protein: Whey protein, 1.2~1.5g/kg/day

→ Personalized Approach



Food Science & Nutrition, Volume: 12, Issue: 12, Pages: 9875-9892, First published: 30 October 2024, DOI: (10.1002/fsn3.4519) 

Summary - 2
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In Nov 2021



Who Are at Risk?

• Nutritional score
• NRS-2002

• NUTRIC score

• MNA

• Etc. 



Risk Score – MNA for elderly 



Risk Score – MNA for elderly 

COPD,2014 Jun

MNA-T1 MNA-T2

정의 대만 노인을 위해 표준 MNA를 현지화한 버전
MNA-T1에서 BMI 항목을 삭제하고 대신 종아리 
둘레(Calf Circumference, CC) 항목을 넣은 버전

구성 항목
MNA의 원래 항목(18개)을 유지하되, 대만 고령자 
기준으로 신체 지표 cut-off 수정

MNA-T1과 유사하지만, BMI 대신 CC를 사용 (BMI 
측정 어려운 상황 고려)

사용 대상
비교적 건강한 고령자 또는 정확한 신장/체중 측정 
가능한 경우

BMI 측정이 어려운 환자 (예: 침상 생활, 중증 COP
D 등)에게 적합

논문에서의 정확도 FFMI 예측: AUC = 0.804 FFMI 예측: AUC = 0.813 → 약간 더 우수



Measures - Indirect Calorimetry

• Calculation of heat production

• Measure O2 consumption and CO2 production

• Resting Energy Expenditure (REE)

= [(VO2 x 3.94) + VCO2 x 1.11)]x1440 min/day

• Respiratory Quotient (RQ)

= VCO2/VO2



How to? GOLD 2025

• 30~60% in admission, underweight in 90% 

• COPD have significant systemic effects including weight loss, malnutrition.

• Low BMI, Low fat-free mass → worse outcome → Weight gain

• Anti oxidant supplement (Vit C, Vit E, Zinc, Selenium) 

• Fatigue can be improved by nutritional support



How to? ESPEN

• Screening tool + dietary review → every 6M

• Optimal nutritional target → higher 

• Undernutrition → P. Aeruginosa risk 

• Being obese → FEV1 improved 

• Normal body composition → Longer survival 

• EN or ONS, Soluble Vitamin, Vitamin D (cholecalciferol), Ca, Zinc, Fe (not in selenium)

• 식욕촉진제 (근거없음) 등등 



Practical Nutrition Tips for Living with COPD
- American Lung Association

Meal Tips

• Eat 5–6 small meals a day instead of large ones

• Drink fluids after meals to avoid early fullness

• Focus on high-calorie, high-protein, high-fiber foods

• Choose easy-to-prepare foods: pre-cut fruits/veggies, precooked meats, frozen meals

What to Eat

• Fiber: Whole grains, vegetables, fruits, beans, nuts

• Protein: Meat, fish, eggs, dairy, nuts, tofu, protein shakes

• Healthy fats: Cheese, butter, olive oil, nut butters

• Note: Full-fat dairy may increase mucus—listen to your body.

간편 간식 예시 (Rachel 추천)
• 그릭 요거트 + 견과 + 베리
• 사과 + 땅콩버터 + 시나몬
• 삶은 달걀 + 치즈스틱 + 견과
• 스무디: 과일 + 요거트 + 견과버터



Latest ERS review



Latest ERS review

Phenotype Key Features Clinical Risks Interventions

Underweight / Cachexia Low BMI, low muscle mass
↑ Mortality, ↓ exercise, ↑ 
exacerbation

High-protein nutrition, PR

Normal weight 
– Low Muscle

Normal BMI, hidden muscle 
loss

↑ Falls, ↓ physical function Strength training, protein

Overweight / Obesity
High fat mass, may retain m
uscle

↑ Dyspnoea, ↓ QoL, ↑ hos
pitalization

Guided weight loss if neede
d

Sarcopenic Obesity High fat + low muscle mass ↑ Inflammation, ↓ function Fat loss + preserve muscle



Latest ERS review

• Nutritional phenotype matters more than weight alone

• Use combined measures: BMI + muscle (BIA, DEXA, CT) + function (HGS, Gait Speed)

• Sarcopenic obesity is common and under-recognized

• Tailored nutrition & exercise can improve outcomes

• Future research should define long-term strategies for phenotype-based care



How Much Protein? 

• 안정기 권장 섭취량 (1.2~1.5 g/kg/day 이상)

J Thorac Dis 2019;11



Oral Nutritional Supplement

200ml → 10g 



Summary - 3

• Finding High Risk – use MNA

• Measure REE – Indirect Calorimetry

• How to

• 소량 자주, High Calories, low carbo, high fiber, high protein, good fat

• Personalized Approach



우리에게 필요한 미래 방향

• 만성 호흡기질환에 최적화된 영양 평가 도구 개발

• 한국인에 맞는 적절한 영양 가이드라인 제안

• 외래 기반 NST 진료의 활성화 및 제도화



우리에게 필요한 미래 방향

• 간접열량측정법 (indirect calorimetry) – 수가 문제



우리에게 필요한 미래 방향

• 외래기반 NST



“Its now or never”

Thank you for your attention.
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