
 i

Table of contents 

Foreword ..........................................................................................................................iii 
Acknowledgements ......................................................................................................... iv 
Summary .......................................................................................................................... v 
Zusammenfassung..........................................................................................................vii 
Abbreviations and acronyms ............................................................................................ x 
List of tables.....................................................................................................................xii 
List of figures ..................................................................................................................xiii 
List of boxes....................................................................................................................xiii 
1 Introduction ...............................................................................................................1 
2 Background...............................................................................................................7 

2.1 Micronutrient malnutrition worldwide.................................................................7 
2.2 Micronutrient interventions ................................................................................8 

2.2.1 Current micronutrient interventions ...........................................................8 
2.2.2 Micronutrient interventions in India..........................................................11 
2.2.3 A novel micronutrient intervention: biofortification...................................12 

2.3 Micronutrient malnutrition and the Green Revolution......................................14 
2.4 Micronutrient malnutrition and the �Gene Revolution� ....................................16 

2.4.1 Plant biotechnology and the Gene Revolution ........................................16 
2.4.2 The second generation of the Gene Revolution: Golden Rice................21 

2.5 Micronutrient malnutrition and why to bother ..................................................22 
2.5.1 Micronutrient malnutrition and its economic dimension...........................22 
2.5.2 Micronutrient malnutrition and human rights ...........................................27 

3 Methods and data ...................................................................................................29 
3.1 The disability-adjusted life years framework ...................................................29 

3.1.1 The DALYs formula .................................................................................31 
3.1.2 Criticism of the DALYs methodology.......................................................32 

3.2 Data used for the calculation of DALYs ..........................................................36 
3.2.1 Adverse functional outcomes of ID, ZnD and VAD .................................36 
3.2.2 Target groups and their size....................................................................38 
3.2.3 Mortality rates and average remaining life expectancy ...........................38 
3.2.4 Incidence rates and duration of health outcomes....................................40 
3.2.5 Disability weights .....................................................................................43 

3.3 Assessing the impact of biofortification ...........................................................43 
3.3.1 Data and methods used for computing micronutrient intakes .................44 
3.3.2 Simulating the consumption of biofortified crops.....................................46 
3.3.3 Relating micronutrient intakes to health outcomes..................................50 
3.3.4 Determining the reduction in the burden of IDA, ZnD and VAD..............55 



 ii

3.4 The cost-effectiveness of biofortification......................................................... 56 
3.4.1 Quantification of the costs of biofortification............................................ 57 
3.4.2 Carrying out a cost-effectiveness analysis.............................................. 59 
3.4.3 Extending the economic analysis to a cost-benefit analysis................... 61 
3.4.4 Assessing the relevance of biofortification for economic productivity..... 65 

4 Results.................................................................................................................... 67 
4.1 Case 1: iron-rich rice and iron-rich wheat in India .......................................... 67 

4.1.1 The disease burden of iron deficiency anaemia in India......................... 67 
4.1.2 The potential impact of iron biofortification of rice and wheat ................. 68 
4.1.3 The cost-effectiveness of iron biofortification in India ............................. 70 
4.1.4 An evaluation of the overall economic impact of iron biofortification ...... 74 

4.2 Case 2: zinc-rich rice and zinc-rich wheat in India.......................................... 75 
4.2.1 The disease burden of zinc deficiency in India ....................................... 75 
4.2.2 The potential impact of zinc biofortification of rice and wheat................. 76 
4.2.3 The cost-effectiveness of zinc biofortification in India............................. 78 
4.2.4 An evaluation of the overall economic impact of zinc biofortification...... 80 

4.3 Case 3: Golden Rice in India .......................................................................... 81 
4.3.1 The disease burden of vitamin A deficiency in India............................... 81 
4.3.2 The potential impact of Golden Rice....................................................... 82 
4.3.3 The cost-effectiveness of Golden Rice in India....................................... 85 
4.3.4 An evaluation of the overall economic impact of Golden Rice................ 89 

5 Discussion .............................................................................................................. 90 
5.1 The disease burden of micronutrient malnutrition in India.............................. 90 
5.2 The potential impact of biofortification in India................................................ 96 
5.3 The cost-effectiveness of biofortification in India .......................................... 100 
5.4 An evaluation of the overall economic impact of biofortification in India ...... 104 
5.5 In the spotlight: Golden Rice......................................................................... 105 

5.5.1 Shiva�s hoax.......................................................................................... 105 
5.5.2 Is red the more nutritious colour? Red rice and red palm oil ................ 109 
5.5.3 Other food-based interventions to improve VA status .......................... 111 
5.5.4 Intellectual property rights: is Golden Rice only a showcase?.............. 112 
5.5.5 Analysing Golden Rice by critics� criteria .............................................. 114 

6 Conclusions.......................................................................................................... 115 
References................................................................................................................... 119 
Annexe 1: Data and assumptions used to calculate the burden of IDA in India .......... 142 
Annexe 2: Data and assumptions used to calculate the burden of ZnD in India ......... 143 
Annexe 3: Data and assumptions used to calculate the burden of VAD in India......... 144 
Annexe 4: Exchange rates (Rs./US$) .......................................................................... 145 
 


