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1 in 3 NZ toddlers have suboptimal 
iron status 

(Soh et al, 2004) 
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Consequences of iron deficiency 

• Iron deficiency anaemia is assoc with: 

– Poorer mental, motor & behavioural development 

– Slower weight velocity 

– And may increase morbidity (fever, respiratory 

infections, diarrhoea) 
 

• Non-anaemic iron deficiency may be assoc with: 

– Subtle -ve effects on cognitive function, fatigue 

– Increased risk of iron deficiency anaemia 

4 



Other micronutrients are also low 

• Zinc – 38% toddlers suboptimal serum zinc 
(Morgan et al., 2010) 
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• Vitamin D - 43% toddlers suboptimal serum 

25(OH)D (Houghton et al., 2011) 

• Iodine - 54% toddlers suboptimal urinary iodine 
(Skeaff S, personal communication, 2011) 
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• Supplementation 

• Fortification 

• Dietary change 

Options 
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Food-based interventions are 

preferable when mild rather than 

severe deficiency common: 

• No screening required 

• No risk of accidental overdose 

• Avoids supplement effects 

• May improve overall diet quality 

Food-based intervention 
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Red meat: 

• High in iron and zinc 

• Contains haem iron 

• Enhances iron and zinc absorption 

Fortified toddler milk: 

•High in iron, zinc, vitamin D, iodine 

•No behaviour change (toddler)  

Which foods? 
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Toddler Food Study 

To test the efficacy of an increased intake of 

red meat or the use of a fortified milk for 

improving the iron (and zinc, vitamin D and 

iodine) status of healthy 12-20 month old 

New Zealand children 
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Inclusion criteria  

• 12-20 months old  

• Apparently healthy 

• Parent prepared to offer: 

- Meat 

- Cow’s milk 
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Exclusion criteria  

• Haemoglobin <105g/L 

• Haemoglobin <110g/L & serum ferritin <12µg/L 

• Currently consuming Fe or Zn-containing 

supplements 

• Currently consuming 

toddler milk or infant 

formula 
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Randomised n=225 

Placebo Group 

 

n=90 

Fortified Milk 

Group 

n=45 

Meat Group 

 

n=90 

Eligibility Assessed n=486 

Randomised controlled trial 
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Interventions 

Meat group 
Two red meat dishes per day (~2.6 mg iron/day) 

 

Fortified milk group 
Regular milk replaced with iron-fortified cow’s milk (1.5 mg iron/100g) 

 

Placebo group 
Regular milk replaced with non-fortified cow’s milk (0.01 mg iron/100g) 
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“Meat/fish/poultry” intake 
increased 

Adjusted for age, sex, education, income, ethnicity 
a Significant difference from baseline P<0.05 
b Significant change compared to Placebo Group P<0.05 
 

ab ab 
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Red meat intake increased 
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Milk intake unchanged in milk 
groups 

Adjusted for age, sex, education, income, ethnicity 
a Significant difference from baseline P<0.05 
b Significant change compared to Placebo Group P<0.05 
 

ab 
ab 
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Total iron intake increased 

Adjusted for age, sex, education, income, ethnicity 
a Significant difference from baseline P<0.05 
b Significant change compared to Placebo Group P<0.05 
 

ab 

ab 
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• Meat group  red meat intake 

• Milk groups did not change 

their milk intake 

• Both the  meat group and the 

iron-fortified milk group  total 

iron intake 
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Change in serum ferritin 

Adjusted for age, sex, age x sex, infection, education, income, ethnicity 
a Significant change from baseline P=0.002 
b Significant change compared to Placebo Group P<0.05 
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• Iron stores  during the second 

year of life 

 

• Both  red meat intake and 

using an iron-fortified milk 

prevent this  in iron stores 

 

• Iron-fortified milk increases iron 

stores in 12-20 month old NZ 

children 
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What can parents do? 

• Provide iron rich foods 

- Red meat prevents drop in iron stores 

- Fortified milk increases iron stores 

• Maximise amount of iron absorbed 

• Red meat dishes must be toddler-friendly 

• Offer refused foods at least 10 times 

• Make sure toddler not full before the meal 

22 



23 



24 



Zinc status unchanged 
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Vitamin D status improved 

Placebo and 

Toddler Milk 

Meat 

Summer: No evidence of a dose-effect 

Winter: For every 1 mcg (40 IU) vitamin D = 9%  in 25OHD 
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Iodine status improved 

% with Urinary Iodine Concentration <50μg/L 

Baseline 20 weeks P-value 

Placebo 42% 50% NS 

Fortified milk 66% 29% <0.01 

(Skeaff S, personal communication, 2011) 
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Morbidity 
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% 

Overweight & obesity - NZ adults 

(Univ of Otago, MoH, NZ Adult Nutrition Survey 2008/09) 
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(MoH 2011/12 NZ Health Survey) 
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Overweight & obesity - NZ 2-4 year olds 
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• Individual level meta-analysis using 10 large cohort 

studies (n > 47,000) 

Infant weight gain risk factor for later 
obesity 

(Druet et al., 2012) 
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OR for obesity per 1 z-score increase in infancy weight gain 



(Druet et al., 2012) 
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Risk stronger for weight gain 0-2 years 



Higher risk into adulthood – although 
much reduced 

(Druet et al., 2012) 
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OR for obesity per 1 z-score increase in infancy weight gain 
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• Prospective meta-analysis of early obesity 

prevention initiatives 

• Does early intervention impact on BMI z-score at 

18-24 months of age? 

• ~1800 infants 
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EPOCH – Early Prevention of 
Obesity in CHildren 

(Askie et al., 2010) 



Outcomes at 2 years Intn – Control (95% CI) P 

BMI – complete cases (n = 483) -0.38 (-0.68, -0.08) 0.01 

BMI – imputation (n = 667) -0.29 (-0.55, -0.02) 0.04 

Secondary outcomes – yes vs no % difference (95% CI) 

   Vegetables ≥ 1 serve/d 7 (1, 13) 0.03 

   Fruit ≥ 2 serve/d -2 (-7, 3) 0.43 

   Food for reward -9 (-17, -1) 0.03 

   Sweet drinks -3 (-10, 5) 0.48 

   Water > 3 cups/d 6 (-1, 13) 0.12 

   Outdoor play ≥ 2 h/d 1 (-8, 9) 0.90 

   TV > 60 mins/d -8 (15, -1) 0.02 
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Early intervention can make a difference 
– “Healthy Beginnings” trial 

(Wen et al., 2012) 
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enquiries@beeflambnz.co.nz 
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www.health.govt.nz 
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www.infantandtoddlerforum.org 



10 steps for healthy NZ toddlers 

1. Eat together as a family and make mealtimes relaxed, happy occasions 

2. “You provide, they decide” 

3. Offer foods from all 5 food groups each day 

4. Offer 3 meals and 2-3 nutritious snacks a day 

5. Offer 6-8 drinks a day (ideally water) 

6. Use toddler milk instead of cow’s milk 

7. Offer a new food ≥10 times before deciding what your toddler thinks of it 

8. Reward your toddler with your attention – never food or drink 

9. Limit: fried foods, cakes, biscuits to very small amounts; and sweet 

foods to 4 times a day 

 Avoid: sweetened drinks, undiluted fruit juice, whole nuts  

10. Encourage physical activity for ≥3 hours every day and ~12 hours sleep. 
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