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Learning Objectives

To recognize manifestations of nutritional deficiencies in children
To identify potential complications of nutritional disease
To know how to treat and prevent nutritional diseases
Essential Nutrients
Carbohydrates

Proteins

Fats

Minerals

Vitamins

Water
Undernutrition
Definitions

Percentile < 3%ile

Wellcome classification

Underweight: Weight < 80% of median

Marasmus: Weight < 60% of median

Kwashiorkor: Weight < 80% of median with edema

Marasmic-Kwashiorkor: Weight < 60% with edema

Quick reference: < 8 kg at 1 year, < 10 kg at 2 years

Z-score – number of standard deviations above or below mean for standard population (WHO Child Growth Standards)
Preferred method of classification

Stunting: HAZ < -2 SD
Wasting: WHZ < -2 SD
Severe acute malnutrition: WHZ < -3 SD
Underweight: WAZ < -2 SD

· can indicate either wasting or stunting

· not as useful an indicator of nutritional status

· increase in weight-for-age can reflect getting fatter, taller, or both

Mid-upper arm circumference: normal > 14 cm between ages 1 and 5 yr
< 12.5 cm indicates severe malnutrition
Useful for screening programs

Epidemiology of undernutrition
35% of the global disease burden in children younger than 5 years

Largest proportion of global disability and risk of death in this age group

Most stunting occurs in the first 2 yr of life
· high demand for nutrients

· limitations of quantity and quality of diets
· high rate of infectious disease

Stunting is an indicator of chronic restriction of nutrients

Wasting is typically an indicator of acute weight loss

Undernourished children more likely to become short adults, have lower educational attainment and economic status, and give birth to smaller infants.
Causes

Underlying causes
Household food or protein insecurity
Inadequate care: poor feeding practices, maternal death
Unhealthy household environment: cultural beliefs
Sociopolitical factors: poverty, lack of health facilities, disasters
Immediate causes
Inadequate dietary intake

Disease: measles, parasites, diarrhea, pneumonia, HIV

· diarrhea particularly important, because it is associated with malabsorption of nutrients, anorexia, and catabolism

· odds of stunting increase multiplicatively with each episode of diarrhea

· more children die from the synergy between infection and undernutrition than from the nutritional condition 

Clinical evaluation

History

Usual diet, breast feeding history

Social circumstances

Symptoms of infection: cough, fever, diarrhea, vomiting

Family history: chronic cough, maternal HIV

Immunizations

Urine output

Physical examination

Height and weight

Vital signs: fever, hypothermia, signs of shock

General: pallor, jaundice, dehydration

Eyes: corneal ulcers, sunken, turgor

Mouth: oral thrush, cheilitis, acute necrotizing gingivostomatitis (ANUG), 

Skin: measles rash, flakey paint dermatosis, noma
Abdomen: hepatosplenomegaly, distension, ascites

Extremites: pedal edema

Investigations
Blood glucose, sodium, potassium, magnesium
Hematocrit

Malaria smear

Urine: to exclude proteinuria (nephritic syndrome)

Stool: parasites, RBCs, WBCs

CXR: to exclude pneumonia, TB (hilar adenopathy), heart failure

TB skin test

Consider HIV, blood cultures
Treatment of Severe Acute Manutrition – WHO 10 Steps

Inpatient treatment can achieve case fatality rate <5%
Step 1. Treat/prevent hypoglycemia

May be a sign of underlying infection

Treat with 10% glucose or sucrose orally or via NG tube

Feed starter F-75 every 30 min for 2 hr
Continue to feed every 2 hr and check glucose until stable
Step 2. Treat/prevent hypothermia

Often occurs together with hypoglycemia – check glucose

Warmed blanket, heater or lamp, skin to skin contact

Keep dry and change wet clothing

Monitor rectal temp every 2 hr until >36.5 C
Step 3. Treat/prevent dehydration

Only use the IV route in case of shock

Clinical signs are unreliable. If diarrhea, assume dehydration.

Use ReSoMal (rehydration solution for malnourished children)

· contains less sodium and more potassium than standard ORS

· should only be given under medical supervision, not to take home

· 5 ml/kg q30 min for 2 hr PO or NG, then 5-10 ml/kg/h over 4-10 hr
Monitor urine output, pulse, respiratory rate, stool/emesis frequency

· if respiratory rate, pulse, or edema increase, then stop fluids for possible overhydration, and assess for infection

Continue breast feeding or starter F-75
Step 4. Correct electrolyte imbalance

Hypernatremia

· all severely malnourished children have excess body sodium even though plasma sodium may be low

· low sodium fluid for rehydration (ReSoMal)

· do not treat edema with a diuretic
· do not add salt to prepared food

Hypokalemia

· give potassium 4 mmol/kg/d

Hypomagnesemia

· give magnesium 0.6 mmol/kg/d

· electrolyte solution can be prepared and added to ReSoMal or food
Step 5. Treat/prevent infection

Fever may be absent, and underlying infections are often not clinically apparent

Routine broad-spectrum antibiotic on admission

· cotrimoxazole alone if child appears to have no complications
· parenteral ampicillin and gentamicin if severely ill

Antimalarial agent if positive blood smear

Provide measles vaccine if age >6 mo and not immunized

Avoid overcrowding and practice hand hygiene
Step 6. Correct micronutrient deficiencies

Vitamin A orally on admission unless given in the preceding one month

· age >12 months 200,000 IU

· age 6-12 months 100,000 IU

· age 0-5 months 50,000 IU

Multivitamin supplement

Folate 5 mg on admission, then 1 mg daily

Zinc 2 mg/kg daily

Copper 0.3 mg/kg daily

Iron 3 mg/kg daily after infection treated and gaining weight (2nd week)
Step 7. Start cautious feeding

Small, frequent feeds PO or NG - low osmolarity and low lactose

· 100 kcal/kg/d

· 1 -1.5 g protein/kg/d

· 130 ml/kg/d of fluid (100 ml/kg/d if the child has severe edema)

Continue breastfeeding but provide starter formula to meet child’s needs 

Feed with a cup and spoon, not from feeding bottle

Starter F-75

· prepared from dry milk powder, sugar, vegetable oil, electrolyte solution, water

· milk-based formula containing 75 kcal and 0.9 g protein per 100 ml

· begin with 11 ml/kg every 2 hr (130 ml/kg/d)
· increase volume and advance to every 4 hr feeds (130 ml/kg/d)
Edematous children should lose weight
Step 8. Achieve catch-up growth

Signaled by a return of appetite

Switch to F-100: contains 100 kcal and 2.9 g protein per 100 ml

· transition should be gradual to avoid precipitating heart failure (increasing respiratory rate and pulse)

· increase each successive feed by 10 ml until some remains uneaten (usually ~200 ml/kg/d)

Monitor and calculate weight gain: goal >10 g gain/kg/d

Step 9. Provide sensory stimulation and emotional support

Structured play therapy 15-30 min daily

Encourage maternal involvement
Step 10. Prepare for follow-up after recovery

WHZ above -1 SD considered to have recovered

Instruct parent on good feeding practices

· child should eat 5 times per day

· high energy snacks between meals (e.g. milk, banana, bread, biscuits, peanut butter)

· assist and encourage the child to complete each meal

· electrolyte and micronutrient supplements

· continue breastfeeding as often as the child wants

Give vitamin A every 6 mo

Complete immunizations
Prevention

Exclusive breast feeding
First 6 mo of life: with continued breastfeeding until age 2 years

Non-exclusive breast feeding in first 6 months of life accounts for 10% of disease burden in children under 5 years.

Reduced morbidity and mortality from diarrhea and pneumonia morbidity and mortality

Complementary feeding

After age 6 mo

Feeding frequency

High quality animal protein: meat, fish, poultry, eggs: low intake is a risk factor for stunting
Prevention of infection

Immunizations

Hand hygiene, safe drinking water, and sanitation reduces risk of diarrhea by 30%
Insecticide treated bed nets

Prompt recognition and treatment of infection

Probiotics: 57% reduction in the risk of diarrhea in children
Prenatal care and maternal nutrition
Micronutrient deficiencies
Zinc`

Clinical manifestations
Stunting: prevalence of stunting is major indicator of zinc deficiency

Deficiency may be related to flakey paint dermatosis
Increased risk of diarrhea, pneumonia, and malaria
Treatment

Zn in management of diarrhea
Prevention

Zn supplementation after age 6 mo 
· reduces risk of mortality by 9%

· fewer episodes of diarrhea, severe diarrhea, and dysentery

· reduced stunting

Diet with animal protein aids Zn absorption with high phytate diet

Calcium

Most diets in developing countries are low in dairy products
Difficult to meet Ca requirements (500-800 mg/d) apart from dairy products

May be more common than vitamin D deficiency as cause of rickets in tropical countries

Clinical manifestations

Nutritional rickets typically in child over age of 12 mo

Long bone deformities: genu varum, genu valgum, windswept

Enlarged wrists and ankles

Rib beading (rachitic rosary)

XR wrists and knees for diagnosis: cupping, fraying, widened growth plate
Treatment

Calcium: 1000 mg elemental Ca daily divided into 2 doses

Be aware of elemental Ca content of available calcium salts

Vitamin D
Prevention

Continued breast feeding up to age 2 years

Dairy products after age 12 mo

Lower cost alternatives: ground fish with bones or crushed limestone
Iron

47% of children worldwide

Peak prevalence around 18 mo of age

Related to hookworm and other intestinal parasites

Increases the risk of severe malarial anemia
Clinical manifestations

Microcytic anemia

Impaired cognitive development
Treatment

Iron supplementation 3-6 mg/kg/d elemental iron
Prevention

Deworming: 
· associated with increase in height, weight, and reduced anemia
· mebendazole 100 mg twice daily for 3 days

Cooking in iron pots

Delayed cord clamping

Diet with animal protein
Iodine

Clinical manifestations

Goiter: consider in areas where goiter is noted in adults

Congenital hypothyroidism

Cretinism

· delayed bone age

· mental retardation

· stunted growth

· coarse facial features

· delayed closure of anterior fontanelle
Treatment and Prevention

Iodization of salt or water
Vitamin A

Clinical manifestations
Xerophthalmia

Photophobia

Corneal ulcers: can lead to corneal scarring and permanent blindness
Night blindness

Increased mortality from diarrhea and measles
Often precipitated acutely by measles

Prevention

Two doses of vitamin A 
· reduces risk of mortality by 22% in children aged 6-59 mo, with greatest effect between 6-11 mo
· reduction in persistent diarrhea

Fortification of foods

Diet with yellow fruits, palm oil, dark green leaves, eggs, liver

Vitamin D

Results from restricted sunlight exposure: remaining indoors, shrouding
Few foods naturally contain vitamin D and children in developing countries may have inadequate intake of fortified foods (i.e. milk)

Maternal vitamin D deficiency leads to low stores of 25OHD
Clinical manifestations

Most common in children during first year of life
Nutritional rickets: as in calcium deficiency

Craniotabes: skull allows indentation with pressure

Hypocalcemic seizures and tetany
Treatment

Vitamin D2 or vitamin D3 2000 IU daily or 50,000 IU weekly for 8 weeks

Stosstherapy: 300,000 - 600,000 IU injection once every 3 months

Monitor healing by XR of wrists and knees
Prevention
Regular sunlight exposure: 10 minutes daily or 30 minutes twice weekly
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