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Abstract 

Background:  The nutrition transition occurring in many developing countries 

may invite the misconception that diets are moving entirely away from undernutrition 

toward problems of excess.  But despite the sufficiency of energy in these countries, diet 

quality is poor and micronutrient deficiencies often remain.  In this context, micronutrient 

deficiencies may actually contribute to the development and severity of diet-related 

chronic diseases. 

Objectives:  This paper discusses the potential long-term effects of micronutrient 

malnutrition in early childhood on obesity and related disease outcomes.  The links 

between early micronutrient malnutrition, stunting, and subsequent short adult stature—

emerging risk factors for obesity and associated chronic diseases—are reviewed.  This 

paper also explores recent literature linking micronutrient malnutrition in adults to 

increased risk and severity of chronic disease.  Finally, this paper discusses the program 

and policy implications of these relationships. 

Methods:  Literature searches on the topics of interest were conducted in Medline.  

This paper is not the result of a systematic literature review, but rather discusses relevant 

literature to bring attention to links between under- and over-nutrition that have not been 

widely considered. 

Conclusions:  In children, micronutrient malnutrition is a cause of stunting and 

may be accompanied by metabolic adaptations that increase the risk of later obesity and 

related disease.  In adults, deficiencies in key micronutrients may promote oxidative 

stress, folate deficiency may increase risk for heart disease, and zinc deficiency may be 

exacerbated in the presence of diabetes while also affecting glucose transport.  Low fruit 

and vegetable consumption may additionally increase the risk of cardiovascular disease 

(CVD) and cancer through a variety of mechanisms.  The importance of supporting 
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programs and policies that address the spectrum of malnutrition, including micronutrient 

malnutrition and emerging obesity together, is stressed. 
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1.  Introduction 

In many developing countries affected by rapid globalization, industrialization, 

and urbanization, obesity and diet-related chronic diseases such as diabetes and 

cardiovascular disease (CVD) are emerging as important health concerns.  For example, 

the combined prevalence of overweight and obesity in Mexico rose by 78 percent from 

1980 to 1998, and the mortality rates from diabetes mellitus and high blood pressure rose 

62 percent and 55 percent, respectively, over the same period (Rivera et al. 2002).  The 

disability-adjusted life years lost to noncommunicable disease risk factors (such as high 

blood pressure, overweight, and sedentary lifestyles) in the Americas, excluding the 

United States and Canada, are now almost three times the amount lost to childhood and 

maternal undernutrition (Jacoby 2004).  Similar situations exist in other areas of the 

world as well, including countries such as China, Egypt, and South Africa (Gu et al. 

2005; Galal 2002; Puoane et al. 2002).  The World Health Organization estimates that 66 

percent of deaths due to chronic disease worldwide now occur in developing countries 

and that obesity is a primary risk factor in these contexts (WHO 2004).  And within such 

countries, the poor are increasingly affected as development progresses (Monteiro et al. 

2004). 

This move toward obesity and related chronic diseases in many developing 

countries invites the misconception that diets are shifting entirely away from problems of 

constraint toward problems of excess.  However, the nutrition transition occurring in such 

countries, while associated with diets higher in energy, is also marked by poor diet 

quality.  Thus, while energy may be plentiful, it increasingly comes from energy-dense 

sources such as added sugars and edible oils, while intakes of complex carbohydrates, 

fiber, and micronutrient-rich foods such as fruits and vegetables and animal-source foods 

are often low (Bermudez and Tucker 2003; Murphy and Allen 2003; Drewnowski and 

Popkin 1997). 

In fact, even as wasting and underweight are replaced by rising rates of obesity, 

affecting women first and later children and men as development progresses, 
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micronutrient malnutrition remains a significant public health problem in many 

transitional countries undergoing the nutrition transition.  For example, the prevalences of 

iron and zinc deficiency in a 1998 nationally representative sample of Mexican women 

were 40 percent and 30 percent, respectively, based on serum concentrations, while the 

prevalence of overweight and obesity (BMI ≥ 25) was greater than 50 percent (Rivera et 

al. 2002; Villalpando et al. 2003).  The prevalence of anemia (an indicator of iron-

deficiency) in Peru and Egypt from nationally representative data in 2000 was 32 percent 

and 28 percent, respectively.  At the same time, the prevalence of overweight and obesity 

was greater than 50 percent in Peru and was greater than 77 percent in Egypt (DHS 

2005). 

It is likely that these micronutrient deficiencies coexist with overweight and 

obesity for the following reasons.  First, obese adults and stunted children live within the 

same households in a variety of transitional countries (Garrett and Ruel 2005).  This 

suggests that micronutrient deficiencies, which are strongly associated with childhood 

stunting, remain, at least among children, even while energy is clearly available in 

excess.  Second, there is evidence that obese individuals, particularly those living in 

poverty, may simultaneously be affected by iron deficiency in both developed and 

developing countries contexts.  For example, an analysis of the National Health and 

Nutrition Examination Survey III (1988-1994) in the United States found that children 

(2-16 years of age) who were overweight or at risk of being overweight were about twice 

as likely to be iron-deficient as children who were not overweight (Nead et al. 2004).  

And an analysis of Andhra Pradesh from the nationally representative National Family 

Health Survey (1998/1999) in India found that, while the prevalence of anemia was lower 

in overweight than in underweight and normal weight women, the rate of anemia in the 

overweight group was still quite high at 41 percent (Bentley and Griffiths 2003).  Third, 

the association of food insecurity1 with obesity has been demonstrated in several studies, 

                                                 
1 Food insecurity is defined as the “limited or uncertain availability to acquire acceptable foods in socially 
acceptable ways,” a concept that includes problems of insufficient diet quality (Carlson, Andrews, and 
Bickel 1999; Alaimo et al. 1998). 
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primarily in the United States (Adams, Grummer-Strawn, and Chavez 2003; MMWR 

2003; Oh and Hong 2003; Townsend et al. 2001), and recent research in the United States 

demonstrates that micronutrient-poor obesogenic diets may be common among the poor 

because they are more affordable than diets of high quality (Drewnowski and Darmon 

2005; Drewnowski and Specter 2004).  More research is needed to verify these 

connections in developing country contexts, but the overlap of stunting and 

overweight/obesity within households and the coexistence of micronutrient malnutrition 

and overweight/obesity within individuals in developing countries provides strong 

preliminary evidence that obesity does occur in the presence of food insecurity.  And 

finally, since micronutrient deficiencies tend to cluster within individuals, people who are 

both overweight and anemic are likely to be deficient in other micronutrients as well.  

Micronutrient malnutrition in the context of the nutrition transition presents 

unique concerns.  While the most commonly cited consequences (such as stunting, 

impaired cognitive development, increased morbidity and mortality in children, and 

increased maternal morbidity) remain, micronutrient malnutrition may have additional 

deleterious health consequences when combined with obesity and related chronic 

diseases.  

This review paper discusses several links between micronutrient deficiency, 

obesity, and obesity-related chronic diseases.  First, we consider the potential long-term 

effects of micronutrient malnutrition in early childhood.  We focus on the links between 

early micronutrient malnutrition, stunting, and subsequent short adult stature—emerging 

risk factors for obesity and associated chronic diseases in the nutrition transition context.  

Second, we link micronutrient malnutrition in adults to increased risk and severity of 

diabetes, CVD, and cancer.  We discuss links between deficiencies in antioxidant 

micronutrients and chronic disease, the potential for zinc deficiency to exacerbate 

diabetes due to its structural relationship with insulin, the relationship between folate 

deficiency and increased homocysteine levels—an established risk factor for CVD, and 

the association between low fruit and vegetable intakes and increased risk for CVD and 

cancer.  We conclude by discussing the public health and policy implications of these 
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links in the context of developing countries undergoing the nutrition transition, and 

recommend directions for future research.  

This paper is not the culmination of a systematic literature review, but was written 

as a conceptual piece to draw attention to a variety of potential links between under- and 

over-nutrition in the context of the nutrition transition.  The literature presented was 

identified through a search of pertinent topics on Medline, and papers were selected due 

to content relevant to the ideas presented. 

2.  Micronutrient Malnutrition in Childhood May Indirectly Increase Risk of 
Later Obesity and Chronic Disease via Stunting 

Micronutrient malnutrition contributes to stunting 

Along with established risk factors such as frequent infection and poor weaning 

foods, there is strong evidence that several micronutrients (primarily zinc, iron, and 

vitamin A) play important roles in linear growth, and that deficiencies in these key 

nutrients may result in stunting (Rivera et al. 2003).  Zinc directly influences the growth 

hormone and insulin-like growth factor-I systems (Dorup and Clausen 1991), affects 

bone metabolism (Nishi 1996), and is involved in DNA synthesis (Clausen and Dorup 

1998; Bunce 1994).  Zinc and vitamin A affect immune function (Black 2003; Black and 

Sazawal 2001; Black 1998; Underwood and Arthur 1996; West et al. 1991), and thus risk 

of morbidity and associated growth faltering.  And, zinc and iron deficiencies can result 

in anorexia, leading to decreased intakes of all nutrients, which can also limit growth 

(Clausen and Dorup 1998; Lawless et al. 1994).  A meta-analysis of zinc supplementation 

trials found positive linear growth effects in 25 out of 33 studies reviewed, indicating 

strong evidence that zinc deficiency results in linear growth faltering (Brown et al. 2002).  

Reviews of iron and vitamin A supplementation trials did not reveal consistent results, 

but did show significant positive effects on linear growth in the context of severe 

deficiencies (Rivera et al. 2003).  Because multiple micronutrient deficiencies often exist 

within individuals, it has been suggested that inconsistent results with regard to growth 
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effects in single micronutrient supplementation trials may be due to the presence of other 

growth-limiting micronutrient deficiencies in the study populations rather than a true 

absence of effect (Allen 1994).  Indeed, a meta-analysis of multiple micronutrient 

supplementation trials does show consistent effects on linear growth (Ramakrishnan et al. 

2004). 

Macronutrient deficiencies in protein and energy may also affect linear growth.  

However, energy supplementation trials among stunted children have had inconsistent 

effects, which again may be because growth-restricting micronutrient deficiencies are 

likely to remain in poor populations despite the provision of supplemental energy (Allen 

1994).  While some protein supplementation trials have had small effects on linear 

growth, it is difficult to distinguish whether the benefits in these cases were related 

strictly to the increased intake of protein, or were due to concomitant increases in intakes 

of growth-promoting micronutrients, such as zinc and vitamin A, that are common 

components of protein-rich foods (Allen 1994).  Because stunted linear growth remains 

widespread in countries undergoing the nutrition transition, where energy supply is 

generally not constrained, it is reasonable to assume that micronutrient deficiencies are 

likely to be the main growth-limiting nutritional influences in these settings. 

Early childhood stunting may increase the risk of later obesity 

Obesity rates are rising rapidly in countries undergoing the nutrition transition 

despite continued high prevalences of childhood stunting, an indicator of chronic 

undernutrition.  While it may seem paradoxical, there is growing evidence that 

undernutrition in early life may predispose individuals toward later obesity.  An 

association between stunting and overweight/obesity has been demonstrated in children 

in low-income urban population in Brazil (Sawaya et al. 1995), and in nationally 

representative surveys from Russia, China, Brazil, and South Africa (Popkin, Richards, 

and Montiero 1996).  The association of short adult stature, a result of childhood stunting, 

and obesity was also seen among women in urban Brazil (Florencio et al. 2001).  While 
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several other studies did not find this association, a study in Guatemala observed a link 

between childhood stunting and adult abdominal fatness, a risk factor for chronic disease 

(Schroeder, Martorell, and Flores 1999), and another in Jamaica noted the association of 

both childhood stunting and low birthweight with increased central fat distribution in 

adolescence (Walker et al. 2002).  In a review of early nutrition and later adiposity, 

Martorell, Stein, and Schroeder (2001) noted the possibility that stunting might 

predispose individuals to later obesity, but that this association may only be expressed if 

individuals are exposed to the energy-dense diets that are seen in countries undergoing 

the nutrition transition. 

The premise for the observed relationship between stunting and obesity is the 

early origins hypothesis, originally put forward by Barker (1990), which suggests that 

nutrient deficiencies in early childhood “program” the body to make permanent 

metabolic and other physiological adaptations in response to nutrition constraints, and 

that this can lead to obesity in the context of later abundant energy availability (McMillen 

and Robinson 2005).  Several specific physiological mechanisms have been suggested 

and tested among a group of children in Brazil, revealing that stunted children have 

impaired fat oxidation—a predictor of obesity, that they may have increased 

susceptibility to weight-gain effects from high-fat diets, and that they may not properly 

regulate food intake (Hoffman et al. 2000a, 2000b; Sawaya et al. 1998). 

Early childhood stunting and related short adult stature 
may increase the risk of developing chronic disease 

The process of stunting takes place during early childhood when nutrient 

deficiencies impair linear growth during the period of maximum growth velocity, and 

after which recovery is rarely seen (Martorell, Khan, and Schroeder 1994).  Thus, 

stunting in early childhood generally leads to short adult stature (Rivera et al. 1995).  

Short adult stature has been associated with CVD in a variety of studies in developed 

world populations (Rich-Edwards et al. 1995; Kannam et al. 1994; Hebert et al. 1993).  

Evidence from countries undergoing the nutrition transition is also emerging.  In Brazil, 
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women in the lowest quartile of height had significantly higher odds of hypertension than 

women in the highest quartile, controlling for other risk factors (Sichieri et al. 2000).  A 

study in Bangladesh identified short stature and high body mass index as independent 

risk factors for glucose intolerance in both men and women (Sayeed et al. 1997), and a 

study in Mexico found that short stature was associated with a higher prevalence of both 

Type II Diabetes and arterial hypertension in men and women after adjusting for potential 

confounders (Lara-Esqueda et al. 2004).  There is also some evidence for the early 

emergence of chronic disease risk factors among stunted children.  For example, a study 

among Jamaican children showed that stunting during the first two years of life was 

associated with an increased risk of high systolic blood pressure by 7-8 years of age, 

controlling for confounders (Gaskin et al. 2000).  Again, stunting and subsequent short 

stature are thought to be associated with chronic diseases such as diabetes and 

hypertension because they are indicators of childhood malnutrition, which may trigger 

changes in physiological development that increase chronic disease risk factors 

(McMillen and Robinson 2005).  Short stature may also increase the risk of hypertension 

due to the physics of resistance to blood flow in short vessels (Sichieri et al. 2000). 

Thus, micronutrient malnutrition may be indirectly contributing to the risk of 

overweight/obesity and chronic diseases via its relationship with childhood stunting and 

subsequent short adult stature, which, in turn, increase the risk for overweight/obesity and 

chronic disease in the context of the nutrition transition. 

3.  Micronutrient Malnutrition in Adulthood May Increase the 
Risk and Severity of Diabetes, CVD, and Cancer 

Micronutrient malnutrition may contribute to Type II Diabetes 

In order to better understand the links between micronutrient malnutrition and 

Type II Diabetes, it is important to first review the pathophysiology of the disease.  In 

non-diabetic normal individuals, insulin is produced and stored in the pancreatic beta 

cells and is released in response to glucose entering the blood.  Insulin then binds to cell 
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receptors and facilitates the uptake of glucose across cell membranes.  In the initial 

phases of Type II Diabetes, the pancreatic islet cells that produce insulin function 

normally, but there is failure of the intracellular events that activate glucose transport 

following signal by the insulin/receptor complex.  This results in hyperglycemia.  The 

pancreas responds by producing increasing amounts of insulin, which results in down-

regulation of insulin receptors, exacerbating the problem.  The beta cells of the pancreas, 

in their inadequate efforts to create enough insulin to offset the high amount of glucose in 

the blood, weaken as the disease progresses, resulting in even greater hyperglycemia 

(Chausmer 1998). 

There is ample evidence that oxidative stress is increased with diabetes, and it is 

implicated in the progression of virtually all of the complications of diabetes (Thompson 

and Godin 1995; Baynes and Thorpe 1999) such as atherosclerosis, retinopathy, 

neuropathy, and vascular complications affecting the heart (Thompson and Godin 1995; 

Halliwell and Gutteridge 1990; Pirart 1977).  Oxidative stress may be increased among 

diabetics for several reasons.  Because glucose is vulnerable to oxidation, hyperglycemia, 

the hallmark of diabetes, may lead to increased production of harmful reactive oxidative 

species (ROS) such as peroxides and free radicals (Hunt, Smith, and Wolff 1990; Wolff, 

Jiang, and Hunt 1991).  The disposal and deactivation of these ROS is essential and 

occurs through the interaction of enzymes and non-enzymatic compounds (Thompson 

and Godin 1995).  A variety of micronutrients play a role in these processes, thus 

deficiencies in these micronutrients may contribute to the development and progression 

of disease complications (Wolff and Dean 1987).  While many micronutrients, including 

vitamin C and vitamin E, function as antioxidants, we focus our discussion on zinc, due 

to the high prevalence of zinc deficiency in the developing world context and due to 

additional unique links between zinc and diabetes.  

Copper-Zinc superoxide dismutase is a zinc-containing antioxidant enzyme that 

works in the cytoplasm to break down superoxide ions (Thompson and Godin 1995).  In 

addition to breaking down superoxide ions as an enzymatic compound, zinc also inhibits 

ROS production through competition with iron and copper for key binding sites on cell 
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membranes and some proteins, making free iron and copper more available for binding to 

ferritin and metallothionein, respectively, thus incapacitating their oxidative capacities.  

Zinc also binds to specific sites on proteins and directly protects those areas from 

oxidation (Bettger 1993).  Dietary zinc deficiency in rats does not seem to affect levels of 

superoxide dismutase because this enzyme can function using other metal ions in place of 

zinc.  However, increased oxidative and peroxidative damage has been noted in zinc-

deficient rats due to low dietary intakes, perhaps due to some of the other antioxidant 

activities of zinc (Bettger 1993).  Thus, it is possible that zinc deficiency could contribute 

to increased oxidative stress and associated increases in the complications from Type II 

Diabetes. 

Zinc status and diabetes share several additional links beyond the antioxidant 

connection.  The metabolism of zinc is compromised in the presence of diabetes.  

Hyperzincuria and hypozincemia are commonly seen, although the mechanism for the 

urinary loss is not fully understood (Chausmer 1998).  Hypozincemia may reflect urinary 

losses, and may also be due to decreased absorption of zinc in the gut among diabetics 

(Kinlaw et al. 1983).  Thus, zinc deficiency and its pro-oxidant effects may arise as a 

result of diabetes rather than acting as initiators of disease development (Chausmer 

1998), making the causal pathway between zinc status and diabetes difficult to 

distinguish. 

However, a mechanism by which prior zinc deficiency may contribute to the 

development and progress of diabetes has also been suggested.  Zinc has a unique 

structural relationship with insulin.  In the beta cells of the pancreas, zinc forms crystals 

with insulin for storage and release (Chausmer 1998) and free zinc also helps with 

glucose metabolism.  The development and diagnosis of Type II Diabetes is generally 

preceded by hyperinsulinemia, with secretion of insulin high due a diminishing ability of 

insulin to adequately transport and deliver glucose from the blood to the cells.  When free 

zinc levels are low, even more insulin is secreted to compensate, depleting cellular zinc in 

the pancreas as it departs in the form of insulin crystals.  The hyperzincuria that comes 

with the development of diabetes further lowers the availability of zinc for re-uptake into 
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the pancreas cells.  As a result of having to produce and release greater and greater 

amounts of insulin, the beta cells may become exhausted, and with cellular zinc depleted, 

may have increased vulnerability to oxidative damage, resulting in beta cell damage and 

eventual inability to supply sufficient insulin in later stages of the disease.  Thus, it has 

been hypothesized that preventing zinc deficiency may contribute to protecting against 

the development and progress of diabetes, although research to test this hypothesis is 

needed (Chausmer 1998; Sprietsma and Schuitemaker 1994). 

Micronutrient malnutrition may contribute to CVD and cancer 

Folate, a micronutrient found largely in fruits and vegetables, appears to play a 

unique role in the development of heart disease.  Folate is a co-substrate in homocysteine 

metabolism (Eichholzer et al. 2001), thus folate deficiency leads to high levels of blood 

homocysteine, an important risk factor for coronary heart disease (Verhoef, Stampfer, 

and Rimm 1998).  In addition, folate has anti-inflammatory actions and enhances the 

synthesis of nitric oxide, which, when only present at reduced levels, is associated with 

impaired vasodilation and atherosclerosis (Das 2003).  In fact, some now estimate that 

10-25 percent of deaths from heart disease and stroke worldwide may be due to folate 

deficiency (UNICEF/The Micronutrient Initiative 2004). 

In addition to playing a role in the development and complications from diabetes, 

oxidative stress is also associated with CVD.  It has been proposed that oxidized low-

density lipoprotein (LDL) cholesterol contributes to the development of atherosclerosis 

through a variety of mechanisms, including leading to loss of endothelieal integrity and 

enhancing the uptake of lipoproteins that lead to foam cell formation, thus supporting 

fatty streak and lesion formation (Stocker and Keaney 2004; Steinberg et al. 1989).  

However, clinical supplementation trials of antioxidant vitamins, such as vitamin E and 

vitamin C, have not resulted in consistent evidence of reduced CVD morbidity or 

mortality (Stocker and Keaney 2004; Madamanchi, Vendrov, and Runge 2005; 

Sachidanandam, Fagan, and Ergul 2005; Gaziano 2004).  There are several different 
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theories for the lack of observed effect in these studies.  For example, some propose that 

oxidative stress may not be a causal factor in the development of atherosclerosis, but that 

atherosclerosis and oxidative stress may both be consequences of inflammatory 

processes.  It has also been suggested that clinical trials have focused too narrowly on 

only a few antioxidants, such as vitamin E, which only offer protection from certain types 

of oxidation, and that further studies are needed to explore the independent and joint 

effects of a wider range of antioxidants and other beneficial dietary components (Stocker 

and Keaney 2004). 

While studies of single micronutrients have not provided consistent results, a 

large body of evidence shows that fruit and vegetable consumption is highly protective 

against the development of both CVD and cancer (Reddy 2002; Bazzano, Serdula, and 

Liu 2003; Liu et al. 2000; van’t et al. 2000; IARC 2003).  In fact, the World Health 

Organization estimates that low fruit and vegetable intake is responsible for 31 percent of 

ischemic heart disease and 11 percent of strokes, and ranks it as the sixth main risk factor 

for mortality worldwide (WHO 2002).  Fruits and vegetables are rich in a wide variety of 

micronutrients and other dietary components, such as fiber and phytoestrogens, further 

suggesting that the joint effects of multiple nutrients may be more important than the 

actions of single nutrients.  Fruits and vegetables contain high amounts folate and 

antioxidants, such as vitamin C, which have already been discussed in terms of CVD 

protection.  Antioxidants may also modulate the endogenous formation of carcinogenic 

factors such as free radicals and reactive nitrogen species and thus modify cancer risk as 

well.  A variety of other mechanisms and associations may further account for the 

protective effects of fruit and vegetable consumption.  For example, Phase I and Phase II 

enzymes catalyze the formation of oxidative species, and catalyze conjugation reactions 

to improve their excretion, respectively.  Thus these enzymes provide a balance between 

carcinogen activation and detoxification, and dietary components found in fruits and 

vegetables may act on these enzymes to tip the balance toward increased cancer 

protection (IARC 2003).  Specific dietary components have also been found to have 

protective effects against specific types of cancer.  For example, lycopene, found in 
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tomatoes, is associated with reduced risk of prostate cancer (Heber 2004).  Thus, a wide 

variety of micronutrients and other dietary components, when ingested together via diets 

rich in fruits and vegetables, provide important protection against the development of 

CVD and various forms of cancer. 

4.  Discussion 

This review highlights several potential links between micronutrient malnutrition 

and increased risk for obesity and related chronic diseases.  In children, micronutrient 

malnutrition is a cause of stunting and may be accompanied by metabolic adaptations in 

response to nutrient deficiencies that increase the risk of later obesity and related chronic 

disease.  In adults, deficiencies in key antioxidant micronutrients may promote oxidative 

stress, creating an environment in which the incidence and severity of diseases such as 

diabetes, CVD, and cancer are increased.  Folate deficiency in adults may increase serum 

levels of homocysteine, an established risk factor for heart disease.  In the presence of 

diabetes, disordered handling of key micronutrients, such as zinc, may worsen existing 

deficiencies, while the unique structural relationship of zinc with insulin may have 

specific implications for the development and severity of diabetes in the presence of zinc 

deficiency.  Low fruit and vegetable consumption may additionally increase the risk of 

CVD and cancer through a variety of mechanisms linked with micronutrients and other 

dietary components.  

These links are particularly salient in the context of developing countries 

undergoing the nutrition transition, where micronutrient deficiencies remain widespread, 

stunting is common, fruit and vegetable consumption is low, and obesity and related 

chronic diseases such as diabetes and heart disease are taking over as the leading causes 

of morbidity and mortality.  Further research in several areas is needed to better 

understand the nature of the relationships between micronutrient malnutrition, 

overweight/obesity and chronic disease, and to improve interventions and policies to 

redirect the nutrition transition toward healthier outcomes in developing countries. 
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The mechanisms behind the association between 
childhood stunting and increased risk for overweight/obesity and 

chronic disease need to be elucidated 

While many have noted that stunted children and subsequently short adults appear 

to be at increased risk for overweight/obesity and related chronic diseases, only a few 

have attempted to isolate the metabolic reasons for this link.  Many studies focusing on 

micronutrient malnutrition, undernutrition, and stunting have shown that stunting is 

largely irreversible after the first 2-3 years of life (Martorell, Khan, and Schroeder 1994), 

which has focused efforts to prevent or reduce stunting on the periods of intrauterine and 

early growth.  However, it is not clear whether, even if short stature endures, the 

metabolic changes that have been suggested as the cause of increased risk for later 

obesity and related disease are also irreversible.  A greater understanding of the types of 

metabolic changes that occur with childhood stunting and which may contribute to future 

obesity and disease risk would help in designing effective life-cycle approaches to 

countering the epidemic of overweight/obesity and related diseases in countries 

undergoing the nutrition transition.  Ideally, stunting should be prevented via good diet 

quality throughout the life cycle.  However, if the metabolic changes that accompany 

stunting are not as permanent as short stature, then new interventions aimed specifically 

at reducing obesity and chronic disease might still be effective even after linear growth 

has slowed or ended, providing an additional window of opportunity. 

The extent of micronutrient malnutrition and overweight/obesity 
overlap among adults, and the implications of this confluence 

need to be clarified 

This paper has argued that micronutrient malnutrition and overweight/obesity are 

likely to overlap among adults and has suggested that this convergence may be 

exacerbating the rise in associated chronic disease in countries undergoing the nutrition 

transition.  While studies of dietary patterns in transitional countries suggest that the 

overlap of these conditions is likely, little research has been done to show this 
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relationship.  Forthcoming research using data from three countries at different stages of 

the nutrition transition shows that, in Mexico, for example, overweight/obese women are 

equally likely to be anemic as other women (Eckhardt et al. under review), but there is 

little other work that has been done on this issue.  Research documenting the extent to 

which overweight/obesity overlaps with a variety of micronutrient deficiencies within 

individuals would provide additional insight into the state of diet quality in countries 

undergoing the nutritional transition.  Additional analyses showing how the pattern of 

overlapping micronutrient malnutrition and overweight/obesity differs with respect to 

sociodemographic characteristics and diet patterns would help identify the sector of the 

population at risk both for undernutrition with respect to micronutrients and for 

overnutrition with respect to energy-dense obesogenic diets. 

Established evidence for the overlap of micronutrient deficiencies and 

overweight/obesity and related chronic disease within individuals would also open other 

lines of research.  This paper has described several ways in which micronutrient 

deficiencies might contribute to the development and severity of chronic diseases such as 

diabetes, CVD, and cancer.  However, some of these relationships, such as the potential 

contribution of zinc deficiency toward the development and severity of diabetes, are still 

theories that need further substantiation.  And, even for those more established 

relationships, such as that between folate deficiency and CVD, the magnitude of the 

micronutrient deficiency contribution, relative to genetic and other risk factors, is unclear.  

In the context of the nutrition transition where micronutrient malnutrition remains a 

serious public health problem along with emerging obesity and related chronic disease, 

the potential for links between the two could have widespread implications.  At the very 

least, the coexistence of these two types of malnutrition in the same population presents a 

challenge to public health workers and policymakers.  At the most, the presence of 

micronutrient malnutrition could be contributing in a meaningful way to the increase in 

overweight/obesity and related disease.  

On a separate note, because diabetes causes disordered handling of several 

micronutrients such as zinc and vitamin C, which are commonly deficient in transitional 
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populations due to poor diet quality, the prevalence of deficiencies in these 

micronutrients may be influenced by concurrent disease in countries undergoing the 

nutrition transition.  In Mexico, for example, where the prevalence of zinc deficiency is 

30 percent among women (Villalpando et al. 2003), and where diabetes is on the rise and 

is often undiagnosed, it could be important to determine whether underlying diabetes may 

be contributing to zinc deficiency and to quantify the magnitude of this effect relative to 

low dietary intakes.  

If the contribution of micronutrient malnutrition to chronic disease is significant, 

research into interventions to address this link would be warranted.  For example, perhaps 

zinc supplementation, a common strategy for combating linear growth retardation in 

children, could be extended to include diabetic adults.  Indeed, some studies of zinc 

supplementation in adults with Type II Diabetes have shown benefits, including 

significantly improved glucose disposal and decreased lipid peroxidation (Anderson et al. 

2001; Marchesini et al. 1998).  With regard to folate, pregnant women who are folate 

deficient are at increased risk of having babies with neural tube defects such as spina 

bifida.  This known risk has prompted some countries to adopt programs for fortifying 

flour with folate.  The role of folate in reducing homocysteine levels and potentially 

preventing heart disease and stroke, however, may not be as widely recognized.  Many 

transitional countries only have voluntary, rather than mandatory, programs (such as the 

Dominican Republic and Kazakhstan), while others have no fortification program in 

place (such as Egypt) (UNICEF/The Micronutrient Initiative 2004).  Governments and 

advocates of fortification may want to consider the effects of folate deficiency on the 

development of CVD in addition to neural tube defects as motivation for developing and 

sustaining fortification programs, and may also want to consider chronic disease 

outcomes in addition to the incidence of neural tube defects when attempting to measure 

program impacts. 
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The concept of diet quality must be adopted as 
the firm goal of all nutrition 

Micronutrient malnutrition and overweight/obesity are not conditions occurring at 

opposite ends of the malnutrition spectrum.  They are related conditions both with 

regards to cause (poor quality diets) and with regard to effects (the promotion of chronic 

disease).  We strongly stress that the most important strategy for reducing all forms of 

malnutrition in countries undergoing the nutrition transition is the promotion of programs 

and policies that promote sustainable strategies to enhance diet quality among all people 

throughout the life cycle. 

 

 



17 

References 

Adams, E. J., L. Grummer-Strawn, and G. Chavez.  2003.  Food insecurity is associated 

with increased risk of obesity in California women.  Journal of Nutrition 133 (4): 

1070-1074. 

Ainsworth, M., K. Beegle, and G. Koda.  2005.  The impact of adult mortality and 

parental deaths on primary schooling in Northwestern Tanzania.  Journal of 

Development Studies 41 (3): 412–439. 

Alaimo, K., R. R. Briefel, E. A. Frongillo, Jr., and C. M. Olson.  1998.  Food 

insufficiency exists in the United States:  Results from the third National Health 

and Nutrition Examination Survey (NHANES III).  American Journal of Public 

Health 88 (3): 419-426. 

Allen, L. H.  1994.  Nutritional influences on linear growth:  A general review.  

European Journal of Clinical Nutrition 48 (Supplement 1): S75-S89. 

Anderson, R. A., A. M. Roussel, N. Zouari, S. Mahjoub, J. M. Matheau, and A. Kerkeni.  

2001.  Potential antioxidant effects of zinc and chromium supplementation in 

people with type 2 diabetes mellitus.  Journal of the American College of 

Nutrition 20 (3): 212-218. 

Barker, D. J.  1990.  The fetal and infant origins of adult disease.  British Medical 

Journal 301: 1111. 

Baynes, J. W., and S. R. Thorpe.  1999.  Role of oxidative stress in diabetic 

complications:  A new perspective on an old paradigm.  Diabetes 48 (1): 1-9. 

Bazzano, L. A., M. K. Serdula, and S. Liu.  2003.  Dietary intake of fruits and vegetables 

and risk of cardiovascular disease.  Current Atherosclerosis Report 5 (6): 

492-499. 

Bentley, M. E., and P. L. Griffiths.  2003.  The burden of anemia among women in India.  

European Journal of Clinical Nutrition 57 (1): 52-60. 

Bermudez, O. I., and K. L. Tucker.  2003.  Trends in dietary patterns of Latin American 

populations.  Cademos de Saúde Pública 19 (Supplement 1): S87-S99. 



18 

Bettger, W. J.  1993.  Zinc and selenium, site-specific versus general antioxidation.  

Canadian Journal of Physiology and Pharmacology 71 (9): 721-724. 

Black, R. E.  1998.  Therapeutic and preventive effects of zinc on serious childhood 

infectious diseases in developing countries.  American Journal of Clinical 

Nutrition 68 (Supplement 2): 476S-479S. 

Black, R. E.  2003.  Zinc deficiency, infectious disease, and mortality in the developing 

world.  Journal of Nutrition 133 (5) (Supplement 1): 1485S-1489S. 

Black, R. E., and S. Sazawal.  2001.  Zinc and childhood infectious disease morbidity and 

mortality.  British Journal of Nutrition 85 (Supplement 2): S125-S129. 

Brown, K. H., J. M. Peerson, J. Rivera, and L. H. Allen.  2002.  Effect of supplemental 

zinc on the growth and serum zinc concentrations of prepubertal children:  A 

meta-analysis of randomized controlled trials.  American Journal of Clinical 

Nutrition 75 (6): 1062-1071. 

Bunce, G. E.  1994.  Interactions between zinc, vitamins A and D, and hormones in the 

regulation of growth.  Advances in Experimental Medicine and Biology 352: 

257-264. 

Carlson, S. J., M. S. Andrews, and G. W. Bickel.  1999.  Measuring food insecurity and 

hunger in the United States:  Development of a national benchmark measure and 

prevalence estimates.  Journal of Nutrition 129 (Supplement 2): 510S-516S. 

Chausmer, A. B.  1998.  Zinc, insulin, and diabetes.  Journal of the American College of 

Nutrition 17 (2): 109-115. 

Clausen, T., and I. Dorup.  1998.  Micronutrients, minerals, and growth control.  

Bibliotheca Nutritio et Dieta 54: 84-92. 

Das, U. N.  2003.  Folic acid says NO to vascular diseases.  Nutrition 19 (7/8): 686-692. 

DHS (Demographic and Health Survey).  DHS country data 2005.  Available: 

www.measuredhs.com 

Dorup, I., and T. Clausen.  1991.  Effects of magnesium and zinc deficiencies on growth 

and protein synthesis in skeletal muscle and the heart.  British Journal of 

Nutrition 66 (3): 493-504. 



19 

Drewnowski, A., and N. Darmon.  2005.  Food choices and diet costs:  An economic 

analysis.  Journal of Nutrition 135 (4): 900-904. 

Drewnowski, A., and B. M. Popkin.  1997.  The nutrition transition:  New trends in the 

global diet.  Nutrition Reviews 55 (2): 31-43. 

Drewnowski, A., and S. E. Specter.  2004.  Poverty and obesity:  The role of energy 

density and energy costs.  American Journal of Clinical Nutrition 79 (1): 6-16. 

Eckhardt, C. L., L. E. Torheim, E. Monterrubio, S. Barquera, and M. T. Ruel.  2006.  

Overweight and obese women remain at risk for anemia in countries undergoing 

the nutrition transition (manuscript under review).  Journal of Nutrition. 

Eichholzer, M., J. Luthy, F. Gutzwiller, and H. B. Stahelin.  2001.  The role of folate, 

antioxidant vitamins, and other constituents in fruit and vegetables in the 

prevention of cardiovascular disease:  The epidemiological evidence.  

International Journal for Vitamin and Nutrition Research 71 (1): 5-17. 

Florencio, T. M., H. S. Ferreira, A. P. de Franca, J. C. Cavalcante, and A. L. Sawaya.  

2001.  Obesity and undernutrition in a very-low-income population in the city of 

Maceio, northeastern Brazil.  British Journal of Nutrition 86 (2): 277-284. 

Galal, O.M.  2002.  The nutrition transition in Egypt:  Obesity, undernutrition and the 

food consumption context. Public Health Nutrition 5 (1A): 141-148. 

Garrett, J. L., and M. T. Ruel.  2005.  Stunted child-overweight mother pairs:  Prevalence 

and association with economic development and urbanization.  Food and 

Nutrition Bulletin 26 (2): 209-221. 

Gaskin, P. S., S. P. Walker, T. E. Forrester, and S. M. Grantham-McGregor.  2000.  Early 

linear growth retardation and later blood pressure.  European Journal of Clinical 

Nutrition 54 (7): 563-567. 

Gaziano, J. M.  2004.  Vitamin E and cardiovascular disease:  Observational studies.  

Annals of the New York Academy of Sciences 1031 (1): 280-291. 

Gu, D., K. Reynolds, X. Wu, J. Chen, X. Duan, R. F. Reynolds, P. K. Whelton, and J. He.  

2005.  Prevalence of the metabolic syndrome and overweight among adults in 

China.  Lancet 365: 1398-1405. 



20 

Halliwell, B., and J. M. Gutteridge.  1990.  Role of free radicals and catalytic metal ions 

in human disease:  An overview.  Methods in Enzymology 186 (1): 1-85. 

Heber, D.  2004.  Vegetables, fruits, and phytoestrogens in the prevention of diseases.  

Journal of Postgraduate Medicine 50 (2): 145-149. 

Hebert, P. R., J. W. Rich-Edwards, J. E. Manson, P. M. Ridker, N. R. Cook, G. T. 

O’Connor, J. E. Buring, and C. H. Hennekens.  1993.  Height and incidence of 

cardiovascular disease in male physicians.  Circulation 88 (4): 1437-1443. 

Hoffman, D. J., A. L. Sawaya, I. Verreschi, K. L. Tucker, and S. B. Roberts.  2000a.  

Why are nutritionally stunted children at increased risk of obesity?  Studies of 

metabolic rate and fat oxidation in shantytown children from Sao Paulo, Brazil.  

American Journal of Clinical Nutrition 72 (3): 702-707. 

Hoffman, D. J., A. L. Sawaya, W. A. Coward, A. Wright, P. Martins, and C. de 

Nascimento.  2000b.  Energy expenditure of stunted and nonstunted boys and 

girls living in the shantytowns of Sao Paulo, Brazil.  American Journal of Clinical 

Nutrition 72 (4): 1025-1031. 

Hunt, J. V., C. C. Smith, and S. P. Wolff.  1990.  Autoxidative glycosylation and possible 

involvement of peroxides and free radicals in LDL modification by glucose.  

Diabetes 39 (11): 1420-1424. 

IARC (International Agency for Research on Cancer).  2003.  IARC handbooks of cancer 

prevention, vol. 8:  Fruits and vegetables.  Lyon, France:  IARC Press. 

Jacoby, E. R.  2004.  PAHO regional consultation of the Americas on diet, physical 

activity and health.  Food and Nutrition Bulletin 25 (2): 172-174. 

Kannam, J. P., D. Levy, M. Larson, and P. W. Wilson.  1994.  Short stature and risk for 

mortality and cardiovascular disease events.  The Framingham Heart Study.  

Circulation 90 (5): 2241-2247. 

Kinlaw, W. B., A. S. Levine, J. E. Morley, S. E. Silvis, and C. J. McClain.  1983.  

Abnormal zinc metabolism in type II diabetes mellitus.  American Journal of 

Medicine 75 (2): 273-277. 



21 

Lara-Esqueda, A., C. A. guilar-Salinas, O. Velazquez-Monroy et al.  2004.  The body 

mass index is a less-sensitive tool for detecting cases with obesity-associated co-

morbidities in short stature subjects.  International Journal of Obesity and Related 

Metabolic Disorders 28 (11): 1443-1450. 

Lawless, J. W., M. C. Latham, L. S. Stephenson, S. N. Kinoti, and A. M. Pertet.  1994.  

Iron supplementation improves appetite and growth in anemic Kenyan primary 

school children.  Journal of Nutrition 124 (5): 645-654. 

Liu, S., J. E. Manson, I. M. Lee, S. R. Cole, C. H. Hennekens, W. C. Willett, and J. E. 

Buring.  2000.  Fruit and vegetable intake and risk of cardiovascular disease:  The 

Women’s Health Study.  American Journal of Clinical Nutrition 72 (4): 922-928. 

Madamanchi, N. R., A. Vendrov, and M. S. Runge.  2005.  Oxidative stress and vascular 

disease.  Arteriosclerosis, Thrombosis, and Vascular Biology 25 (1): 29-38. 

Marchesini, G., E. Bugianesi, M. Ronchi, R. Flamia, K. Thomaseth, and G. Pacini.  1998.  

Zinc supplementation improves glucose disposal in patients with cirrhosis.  

Metabolism 47 (7): 792-798. 

Martorell, R., L. K. Khan, and D. G. Schroeder.  1994.  Reversibility of stunting:  

Epidemiological findings in children from developing countries.  European 

Journal of  Clinical Nutrition 48 (Suppl 1): S45-S57. 

Martorell, R., A. D. Stein, and D. G. Schroeder.  2001.  Early nutrition and later 

adiposity.  Journal of Nutrition 131 (3): 874S-880S. 

McMillen, I. C., and J. S. Robinson.  2005.  Developmental origins of the metabolic 

syndrome:  Prediction, plasticity, and programming.  Physiological Reviews 85 

(2): 571-633. 

MMWR (Morb Mortal Wkly Rep)  2003.  Self-reported concern about food security 

associated with obesity—Washington, 1995-1999.  MMWR 52: 840-842. 

Monteiro, C. A., W. L. Conde, B. Lu, and B. M. Popkin.  2004.  Obesity and inequities in 

health in the developing world.  International Journal of Obesity and Related 

Metabolic Disorders 28 (9): 1181-1186. 



22 

Murphy, S. P., and L. H. Allen.  2003.  Nutritional importance of animal source foods.  

Journal of Nutrition 133 (11): 3932S-3935S. 

Nead, K. G., J. S. Halterman, J. M. Kaczorowski, P. Auinger, and M. Weitzman.  2004.  

Overweight children and adolescents:  A risk group for iron deficiency.  

Pediatrics 114 (1): 104-108. 

Nishi, Y.  1996.  Zinc and growth.  Journal of the American College of Nutrition 15 (4): 

340-344. 

Oh, S.Y., and M. J. Hong.  2003.  Food insecurity is associated with dietary intake and 

body size of Korean children from low-income families in urban areas.  European 

Journal of Clinical Nutrition 57 (12): 1598-1604. 

Pirart, J.  1977.  Diabetes mellitus and its degenerative complications:  A prospective 

study of 4,400 patients observed between 1947 and 1973 (author’s translation).  

Diabetes & Metabolism 3 (2): 97-107. 

Popkin, B. M., M. K. Richards, and C. A. Montiero.  1996.  Stunting is associated with 

overweight in children of four nations that are undergoing the nutrition transition.  

Journal of Nutrition 126 (12): 3009-3016. 

Puoane, T., K. Steyn, D. Bradshaw, R. Laubscher, J. Fourie, V. Lambert, and N. 

Mbananga.  2002.  Obesity in South Africa:  The South African demographic and 

health survey.  Obesity Research 10 (10): 1038-1048. 

Ramakrishnan, U., N. Aburto, G. McCabe, and R. Martorell.  2004.  Multimicronutrient 

interventions but not vitamin a or iron interventions alone improve child growth:  

Results of 3 meta-analyses.  Journal of Nutrition 134 (10): 2592-2602. 

Reddy, K. S.  2002.  Cardiovascular diseases in the developing countries:  Dimensions, 

determinants, dynamics, and directions for public health action.  Public Health 

Nutrition 5 (1A): 231-237. 

Rich-Edwards, J. W., J. E. Manson, M. J. Stampfer, G. A. Colditz, W. C. Willett, B. 

Rosner, F. E. Speizer, and C. H. Hennekens.  1995.  Height and the risk of 

cardiovascular disease in women.  American Journal of Epidemiology 142 (9): 

909-917. 



23 

Rivera, J. A., C. Hotz, T. Gonzalez-Cossio, L. Neufeld, and A. Garcia-Guerra.  2003.  

The effect of micronutrient deficiencies on child growth:  A review of results 

from community-based supplementation trials.  Journal of Nutrition 133 (11): 

4010S-4020S. 

Rivera, J. A., R. Martorell, M. T. Ruel, J. P. Habicht, and J. D. Haas.  1995.  Nutritional 

supplementation during the preschool years influences body size and composition 

of Guatemalan adolescents.  Journal of Nutrition 125 (Supplement 4): 

1068S-1077S. 

Rivera, J. A., S. Barquera, F. Campirano, I. Campos, M. Safdie, and V. Tovar.  2002.  

Epidemiological and nutritional transition in Mexico:  Rapid increase of non-

communicable chronic diseases and obesity.  Public Health Nutrition 5 (1A): 

113-122. 

Sachidanandam, K., S. C. Fagan, and A. Ergul.  2005.  Oxidative stress and 

cardiovascular disease:  Antioxidants and unresolved issues.  Cardiovascular 

Drug Reviews 23 (2): 115-132. 

Sawaya, A. L., L. P. Grillo, I. Verreschi, A. C. da Silva, and S. B. Roberts.  1998.  Mild 

stunting is associated with higher susceptibility to the effects of high fat diets:  

Studies in a shantytown population in Sao Paulo, Brazil.  Journal of Nutrition 128 

(2): 415S-420S. 

Sawaya, A. L., G. Dallal, G. Solymos, M. H. de Sousa, M. L. Ventura, S. B. Roberts, and 

D. M. Sigulem.  1995.  Obesity and malnutrition in a shantytown population in 

the city of Sao Paulo, Brazil.  Obesity Research 3 (Supplement 2): 107s-115s. 

Sayeed, M. A., M. Z. Hussain, A. Banu, M. A. Rumi, and A. K. Azad Khan.  1997.  

Prevalence of diabetes in a suburban population of Bangladesh.  Diabetes 

Research and Clinical Practice 34 (3): 149-155. 

Schroeder, D. G., R. Martorell, and R. Flores.  1999.  Infant and child growth and fatness 

and fat distribution in Guatemalan adults.  American Journal of Epidemiology 149 

(2): 177-185. 



24 

Sichieri, R., K. S. Siqueira, R. A. Pereira, and A. Ascherio.  2000.  Short stature and 

hypertension in the city of Rio de Janeiro, Brazil.  Public Health Nutrition 3 (1): 

77-82. 

Sprietsma, J. E., and G. E. Schuitemaker.  1994.  Diabetes can be prevented by reducing 

insulin production.  Medical Hypotheses 42 (1): 15-23. 

Steinberg, D., S. Parthasarathy, T. E. Carew, J. C. Khoo, and J. L. Witztum.  1989.  

Beyond cholesterol.  Modifications of low-density lipoprotein that increase its 

atherogenicity.  New England Journal of Medicine 320 (14): 915-924. 

Stocker, R., and J. F. Keaney, Jr.  2004.  Role of oxidative modifications in 

atherosclerosis.  Physiological Reviews 84 (4): 1381-1478. 

Thompson, K. H., and D. V. Godin.  1995.  Micronutrients and antioxidants in the 

progression of diabetes.  Nutrition Research 15 (6): 1377-1410. 

Townsend, M. S., J. Peerson, B. Love, C. Achterberg, and S. P. Murphy.  2001.  Food 

insecurity is positively related to overweight in women.  Journal of Nutrition 131 

(6): 1738-1745. 

Underwood, B. A., and P. Arthur.  1996.  The contribution of vitamin A to public health.  

FASEB J 10 (9): 1040-1048. 

UNICEF/The Micronutrient Initiative.  2004.  Vitamin and mineral deficiency:  A global 

progress report.  New York:  UNICEF House. 

van’t Veer, P., M. C. Jansen, M. Klerk, and F. J. Kok.  2000.  Fruits and vegetables in the 

prevention of cancer and cardiovascular disease.  Public Health Nutrition 3 (1): 

103-107. 

Verhoef, P., M. J. Stampfer, and E. B. Rimm.  1998.  Folate and coronary heart disease.  

Current Opinion in Lipidology 9: 17-22. 

Villalpando, S., A. García-Guerra, C. I. Ramírez-Silva, F. Mejía-Rodriguez, G. Matute, 

T. Shamah, and J. A. Rivera.  2003.  Iron, zinc and iodide status in Mexican 

children under 12 years and women 12-49 years of age.  A probabilistic national 

survey.  Salud Pública de México 45 (Supplement 4): S520-S529. 



25 

Walker, S. P., P. S. Gaskin, C. A. Powell, and F. I. Bennett.  2002.  The effects of birth 

weight and postnatal linear growth retardation on body mass index, fatness and fat 

distribution in mid and late childhood.  Public Health Nutrition 5 (3): 391-396. 

West, C. E., J. H. Rombout, A. J. van der Zijpp, and S. R. Sijtsma.  1991.  Vitamin A and 

immune function.  Proceedings of the Nutrition Society 50 (2): 251-262. 

WHO (World Health Organization).  2002.  The world health report 2002.  Geneva. 

WHO (World Health Organization).  2004.  Global strategy on diet, physical activity, 

and health.  Geneva. 

Wolff, S. P., and R. T. Dean.  1987.  Glucose autoxidation and protein modification.  The 

potential role of ‘autoxidative glycosylation’ in diabetes.  Biochemical Journal 

245 (1): 243-250. 

Wolff, S. P., Z. Y. Jiang, and J. V. Hunt.  1991.  Protein glycation and oxidative stress in 

diabetes mellitus and ageing.  Free Radical Biology and Medicine 10 (5): 

339-352. 

 

 

 
 
 

 



FCND DISCUSSION PAPERS 
 

 

211 Poverty Comparisons with Absolute Poverty Lines Estimated from Survey Data, Kenneth R. Simler and 
Channing Arndt, forthcoming 

210 From “Best Practice” to “Best Fit”:  A Framework for Analyzing Pluralistic Agricultural Advisory Services 
Worldwide, Regina Birner, Kristin Davis, John Pender, Ephraim Nkonya, Ponniah Anandajayasekeram, 
Javier Ekboir, Adiel Mbabu, David Spielman, Daniela Horna, Samuel Benin, and Marc Cohen, July 2006 
[Published with the Development Strategy and Governance Division (DSGD), the International Service for 
National Agricultural Research (ISNAR), and the Environment and Production Technology Division 
(EPTD)] 

209 Is There Persistence in the Impact of Emergency Food Aid?  Evidence on Consumption, Food Security, and 
Assets in Rural Ethiopia, Daniel O. Gilligan and John Hoddinott, forthcoming 

208 Gender, Labor, and Prime-Age Mortality:  Evidence from South Africa, Futoshi Yamauchi, Thabani 
Buthelezi, and Myriam Velia, June 2006 

207 The Impact of an Experimental Nutritional Intervention in Childhood on Education among Guatemalan 
Adults, John A. Maluccio, John Hoddinott, Jere R. Behrman, Reynaldo Martorell, Agnes R. Quisumbing, and 
Aryeh D. Stein, June 2006 

206 Conflict, Food Insecurity, and Globalization, Ellen Messer and Marc J. Cohen, May 2006 

205 Insights from Poverty Maps for Development and Food Relief Program Targeting:  An Application to 
Malawi, Todd Benson, April 2006 

204 Nutrition Mapping in Tanzania:  An Exploratory Analysis, Kenneth R. Simler, March 2006 

203 Early Childhood Nutrition, Schooling, and Sibling Inequality in a Dynamic Context: Evidence from South 
Africa, Futoshi Yamauchi, January 2006 

202 Has Economic Growth in Mozambique Been Pro-Poor? Robert C. James, Channing Arndt, and Kenneth R. 
Simler, December 2005 

201 Community, Inequality, and Local Public Goods:  Evidence from School Financing in South Africa, Futoshi 
Yamauchi and Shinichi Nishiyama, September 2005 

200 Is Greater Decisionmaking Power of Women Associated with Reduced Gender Discrimination in South Asia? 
Lisa C. Smith and Elizabeth M. Byron, August 2005 

199 Evaluating the Cost of Poverty Alleviation Transfer Programs: An Illustration Based on PROGRESA in 
Mexico, David Coady, Raul Perez, and Hadid Vera-Ilamas, July 2005 

198 Why the Poor in Rural Malawi Are Where They Are:  An Analysis of the Spatial Determinants of the Local 
Prevalence of Poverty, Todd Benson, Jordan Chamberlin, and Ingrid Rhinehart, July 2005 

194 Livelihoods, Growth, and Links to Market Towns in 15 Ethiopian Villages, Stefan Dercon and John 
Hoddinott, July 2005 

193 Livelihood Diversification and Rural-Urban Linkages in Vietnam’s Red River Delta, Hoang Xuan Thanh, 
Dang Nguyen Anh, and Ceclila Tacoli, June 2005 

192 Poverty, Inequality, and Geographic Targeting: Evidence from Small-Area Estimates in Mozambique, 
Kenneth R. Simler and Virgulino Nhate, June 2005 

191 Program Participation Under Means-Testing and Self-Selection Targeting Methods, David P. Coady and 
Susan W. Parker, April 2005 

190 Social Learning, Neighborhood Effects, and Investment in Human Capital:  Evidence from Green-Revolution 
India, Futoshi Yamauchi, April 2005 

189 Estimating Utility-Consistent Poverty Lines, Channing Arndt and Kenneth R. Simler, March 2005 

188 Coping with the “Coffee Crisis” in Central America:  The Role of the Nicaraguan Red de Protección Social 
(RPS), John A. Maluccio, February 2005 

187 The Use of Operations Research as a Tool for Monitoring and Managing Food-Assisted Maternal/Child 
Health and Nutrition (MCHN) Programs:  An Example from Haiti, Cornelia Loechl, Marie T. Ruel, Gretel 
Pelto, and Purnima Menon, February 2005 



FCND DISCUSSION PAPERS 
 

 

186 Are Wealth Transfers Biased Against Girls? Gender Differences in Land Inheritance and Schooling 
Investment in Ghana’s Western Region, Agnes R. Quisumbing, Ellen M. Payongayong, and Keijiro Otsuka, 
August 2004 

185 Assets at Marriage in Rural Ethiopia, Marcel Fafchamps and Agnes Quisumbing, August 2004 

184 Impact Evaluation of a Conditional Cash Transfer Program: The Nicaraguan Red de Protección Social, John 
A. Maluccio and Rafael Flores, July 2004 

183 Poverty in Malawi, 1998, Todd Benson, Charles Machinjili, and Lawrence Kachikopa, July 2004 

182 Race, Equity, and Public Schools in Post-Apartheid South Africa:  Is Opportunity Equal for All Kids?  
Futoshi Yamauchi, June 2004 

181 Scaling Up Community-Driven Development:  A Synthesis of Experience, Stuart Gillespie, June 2004 

180 Kudumbashree—Collective Action for Poverty Alleviation and Women’s Employment, Suneetha Kadiyala, 
May 2004 

179 Scaling Up HIV/AIDS Interventions Through Expanded Partnerships (STEPs) in Malawi, Suneetha Kadiyala, 
May 2004 

178 Community-Driven Development and Scaling Up of Microfinance Services:  Case Studies from Nepal and 
India, Manohar P. Sharma, April 2004 

177 Community Empowerment and Scaling Up in Urban Areas:  The Evolution of PUSH/PROSPECT in Zambia, 
James Garrett, April 2004 

176 Why Is Child Malnutrition Lower in Urban than Rural Areas?  Evidence from 36 Developing Countries, Lisa 
C. Smith, Marie T. Ruel, and Aida Ndiaye, March 2004 

175 Consumption Smoothing and Vulnerability in the Zone Lacustre, Mali, Sarah Harrower and John Hoddinott, 
March 2004 

174 The Cost of Poverty Alleviation Transfer Programs:  A Comparative Analysis of Three Programs in Latin 
America, Natàlia Caldés, David Coady, and John A. Maluccio, February 2004 

173 Food Aid Distribution in Bangladesh: Leakage and Operational Performance, Akhter U. Ahmed, Shahidur 
Rashid, Manohar Sharma, and Sajjad Zohir in collaboration with Mohammed Khaliquzzaman, Sayedur 
Rahman, and the Data Analysis and Technical Assistance Limited, February 2004 

172 Designing and Evaluating Social Safety Nets:  Theory, Evidence, and Policy Conclusions, David P. Coady, 
January 2004 

171 Living Life:  Overlooked Aspects of Urban Employment, James Garrett, January 2004 

170 From Research to Program Design:  Use of Formative Research in Haiti to Develop a Behavior Change 
Communication Program to Prevent Malnutrition, Purnima Menon, Marie T. Ruel, Cornelia Loechl, and 
Gretel Pelto, December 2003 

169 Nonmarket Networks Among Migrants:  Evidence from Metropolitan Bangkok, Thailand, Futoshi Yamauchi 
and Sakiko Tanabe, December 2003 

168 Long-Term Consequences of Early Childhood Malnutrition, Harold Alderman, John Hoddinott, and Bill 
Kinsey, December 2003 

167 Public Spending and Poverty in Mozambique, Rasmus Heltberg, Kenneth Simler, and Finn Tarp, December 
2003 

166 Are Experience and Schooling Complementary? Evidence from Migrants’ Assimilation in the Bangkok Labor 
Market, Futoshi Yamauchi, December 2003 

165 What Can Food Policy Do to Redirect the Diet Transition?  Lawrence Haddad, December 2003 

164 Impacts of Agricultural Research on Poverty:  Findings of an Integrated Economic and Social Analysis, Ruth 
Meinzen-Dick, Michelle Adato, Lawrence Haddad, and Peter Hazell, October 2003 

163 An Integrated Economic and Social Analysis to Assess the Impact of Vegetable and Fishpond Technologies 
on Poverty in Rural Bangladesh, Kelly Hallman, David Lewis, and Suraiya Begum, October 2003 



FCND DISCUSSION PAPERS 
 

 

162 The Impact of Improved Maize Germplasm on Poverty Alleviation:  The Case of Tuxpeño-Derived Material 
in Mexico, Mauricio R. Bellon, Michelle Adato, Javier Becerril, and Dubravka Mindek, October 2003 

161 Assessing the Impact of High-Yielding Varieties of Maize in Resettlement Areas of Zimbabwe, Michael 
Bourdillon, Paul Hebinck, John Hoddinott, Bill Kinsey, John Marondo, Netsayi Mudege, and Trudy Owens, 
October 2003 

160 The Impact of Agroforestry-Based Soil Fertility Replenishment Practices on the Poor in Western Kenya, 
Frank Place, Michelle Adato, Paul Hebinck, and Mary Omosa, October 2003 

159 Rethinking Food Aid to Fight HIV/AIDS, Suneetha Kadiyala and Stuart Gillespie, October 2003 

158 Food Aid and Child Nutrition in Rural Ethiopia, Agnes R. Quisumbing, September 2003 

157 HIV/AIDS, Food Security, and Rural Livelihoods:  Understanding and Responding, Michael Loevinsohn and 
Stuart Gillespie, September 2003 

156 Public Policy, Food Markets, and Household Coping Strategies in Bangladesh:  Lessons from the 1998 
Floods, Carlo del Ninno, Paul A. Dorosh, and Lisa C. Smith, September 2003 

155 Consumption Insurance and Vulnerability to Poverty:  A Synthesis of the Evidence from Bangladesh, 
Ethiopia, Mali, Mexico, and Russia, Emmanuel Skoufias and Agnes R. Quisumbing, August 2003 

154 Cultivating Nutrition:  A Survey of Viewpoints on Integrating Agriculture and Nutrition, Carol E. Levin, 
Jennifer Long, Kenneth R. Simler, and Charlotte Johnson-Welch, July 2003 

153 Maquiladoras and Market Mamas:  Women’s Work and Childcare in Guatemala City and Accra, Agnes R. 
Quisumbing, Kelly Hallman, and Marie T. Ruel, June 2003 

152 Income Diversification in Zimbabwe:  Welfare Implications From Urban and Rural Areas, Lire Ersado, 
June 2003 

151 Childcare and Work:  Joint Decisions Among Women in Poor Neighborhoods of Guatemala City, Kelly 
Hallman, Agnes R. Quisumbing, Marie T. Ruel, and Bénédicte de la Brière, June 2003 

150 The Impact of PROGRESA on Food Consumption, John Hoddinott and Emmanuel Skoufias, May 2003 

149 Do Crowded Classrooms Crowd Out Learning?  Evidence From the Food for Education Program in 
Bangladesh, Akhter U. Ahmed and Mary Arends-Kuenning, May 2003 

148 Stunted Child-Overweight Mother Pairs:  An Emerging Policy Concern? James L. Garrett and Marie T. Ruel, 
April 2003 

147 Are Neighbors Equal?  Estimating Local Inequality in Three Developing Countries, Chris Elbers, Peter 
Lanjouw, Johan Mistiaen, Berk Özler, and Kenneth Simler, April 2003 

146 Moving Forward with Complementary Feeding:  Indicators and Research Priorities, Marie T. Ruel, Kenneth 
H. Brown, and Laura E. Caulfield, April 2003 

145 Child Labor and School Decisions in Urban and Rural Areas:  Cross Country Evidence, Lire Ersado, 
December 2002 

144 Targeting Outcomes Redux, David Coady, Margaret Grosh, and John Hoddinott, December 2002 

143 Progress in Developing an Infant and Child Feeding Index: An Example Using the Ethiopia Demographic 
and Health Survey 2000, Mary Arimond and Marie T. Ruel, December 2002 

142 Social Capital and Coping With Economic Shocks: An Analysis of Stunting of South African Children, 
Michael R. Carter and John A. Maluccio, December 2002 

141 The Sensitivity of Calorie-Income Demand Elasticity to Price Changes: Evidence from Indonesia, Emmanuel 
Skoufias, November 2002 

140 Is Dietary Diversity an Indicator of Food Security or Dietary Quality? A Review of Measurement Issues and 
Research Needs, Marie T. Ruel, November 2002 

139 Can South Africa Afford to Become Africa’s First Welfare State? James Thurlow, October 2002 

138 The Food for Education Program in Bangladesh: An Evaluation of its Impact on Educational Attainment and 
Food Security, Akhter U. Ahmed and Carlo del Ninno, September 2002 



FCND DISCUSSION PAPERS 
 

 

137 Reducing Child Undernutrition: How Far Does Income Growth Take Us? Lawrence Haddad, Harold 
Alderman, Simon Appleton, Lina Song, and Yisehac Yohannes, August 2002 

136 Dietary Diversity as a Food Security Indicator, John Hoddinott and Yisehac Yohannes, June 2002 

135 Trust, Membership in Groups, and Household Welfare: Evidence from KwaZulu-Natal, South Africa, 
Lawrence Haddad and John A. Maluccio, May 2002 

134 In-Kind Transfers and Household Food Consumption: Implications for Targeted Food Programs in 
Bangladesh, Carlo del Ninno and Paul A. Dorosh, May 2002 

133 Avoiding Chronic and Transitory Poverty: Evidence From Egypt, 1997-99, Lawrence Haddad and Akhter U. 
Ahmed, May 2002 

132 Weighing What’s Practical: Proxy Means Tests for Targeting Food Subsidies in Egypt, Akhter U. Ahmed and 
Howarth E. Bouis, May 2002 

131 Does Subsidized Childcare Help Poor Working Women in Urban Areas? Evaluation of a Government-
Sponsored Program in Guatemala City, Marie T. Ruel, Bénédicte de la Brière, Kelly Hallman, Agnes 
Quisumbing, and Nora Coj, April 2002 

130 Creating a Child Feeding Index Using the Demographic and Health Surveys: An Example from Latin 
America, Marie T. Ruel and Purnima Menon, April 2002 

129 Labor Market Shocks and Their Impacts on Work and Schooling: Evidence from Urban Mexico, Emmanuel 
Skoufias and Susan W. Parker, March 2002 

128 Assessing the Impact of Agricultural Research on Poverty Using the Sustainable Livelihoods Framework, 
Michelle Adato and Ruth Meinzen-Dick, March 2002 

127 A Cost-Effectiveness Analysis of Demand- and Supply-Side Education Interventions: The Case of 
PROGRESA in Mexico, David P. Coady and Susan W. Parker, March 2002 

126 Health Care Demand in Rural Mozambique: Evidence from the 1996/97 Household Survey, Magnus 
Lindelow, February 2002 

125 Are the Welfare Losses from Imperfect Targeting Important?, Emmanuel Skoufias and David Coady, January 
2002 

124 The Robustness of Poverty Profiles Reconsidered, Finn Tarp, Kenneth Simler, Cristina Matusse, Rasmus 
Heltberg, and Gabriel Dava, January 2002 

123 Conditional Cash Transfers and Their Impact on Child Work and Schooling: Evidence from the PROGRESA 
Program in Mexico, Emmanuel Skoufias and Susan W. Parker, October 2001 

122 Strengthening Public Safety Nets: Can the Informal Sector Show the Way?, Jonathan Morduch and Manohar 
Sharma, September 2001 

121 Targeting Poverty Through Community-Based Public Works Programs: A Cross-Disciplinary Assessment of 
Recent Experience in South Africa, Michelle Adato and Lawrence Haddad, August 2001 

120 Control and Ownership of Assets Within Rural Ethiopian Households, Marcel Fafchamps and Agnes R. 
Quisumbing, August 2001 

119 Assessing Care: Progress Towards the Measurement of Selected Childcare and Feeding Practices, and 
Implications for Programs, Mary Arimond and Marie T. Ruel, August 2001 

118 Is PROGRESA Working? Summary of the Results of an Evaluation by IFPRI, Emmanuel Skoufias and 
Bonnie McClafferty, July 2001 

117 Evaluation of the Distributional Power of PROGRESA’s Cash Transfers in Mexico, David P. Coady, July 
2001 

116 A Multiple-Method Approach to Studying Childcare in an Urban Environment: The Case of Accra, Ghana, 
Marie T. Ruel, Margaret Armar-Klemesu, and Mary Arimond, June 2001 

115 Are Women Overrepresented Among the Poor? An Analysis of Poverty in Ten Developing Countries, Agnes 
R. Quisumbing, Lawrence Haddad, and Christina Peña, June 2001 



FCND DISCUSSION PAPERS 
 

 

114 Distribution, Growth, and Performance of Microfinance Institutions in Africa, Asia, and Latin America, 
Cécile Lapenu and Manfred Zeller, June 2001 

113 Measuring Power, Elizabeth Frankenberg and Duncan Thomas, June 2001 

112 Effective Food and Nutrition Policy Responses to HIV/AIDS: What We Know and What We Need to Know, 
Lawrence Haddad and Stuart Gillespie, June 2001 

111 An Operational Tool for Evaluating Poverty Outreach of Development Policies and Projects, Manfred Zeller, 
Manohar Sharma, Carla Henry, and Cécile Lapenu, June 2001 

110 Evaluating Transfer Programs Within a General Equilibrium Framework, Dave Coady and Rebecca Lee 
Harris, June 2001 

109 Does Cash Crop Adoption Detract From Childcare Provision? Evidence From Rural Nepal, Michael J. 
Paolisso, Kelly Hallman, Lawrence Haddad, and Shibesh Regmi, April 2001 

108 How Efficiently Do Employment Programs Transfer Benefits to the Poor? Evidence from South Africa, 
Lawrence Haddad and Michelle Adato, April 2001 

107 Rapid Assessments in Urban Areas: Lessons from Bangladesh and Tanzania, James L. Garrett and Jeanne 
Downen, April 2001 

106 Strengthening Capacity to Improve Nutrition, Stuart Gillespie, March 2001 

105 The Nutritional Transition and Diet-Related Chronic Diseases in Asia: Implications for Prevention, Barry M. 
Popkin, Sue Horton, and Soowon Kim, March 2001 

104 An Evaluation of the Impact of PROGRESA on Preschool Child Height, Jere R. Behrman and John 
Hoddinott, March 2001 

103 Targeting the Poor in Mexico: An Evaluation of the Selection of Households for PROGRESA, Emmanuel 
Skoufias, Benjamin Davis, and Sergio de la Vega, March 2001 

102 School Subsidies for the Poor: Evaluating a Mexican Strategy for Reducing Poverty, T. Paul Schultz, March 
2001 

101 Poverty, Inequality, and Spillover in Mexico’s Education, Health, and Nutrition Program, Sudhanshu Handa, 
Mari-Carmen Huerta, Raul Perez, and Beatriz Straffon, March 2001 

100 On the Targeting and Redistributive Efficiencies of Alternative Transfer Instruments, David Coady and 
Emmanuel Skoufias, March 2001 

99 Cash Transfer Programs with Income Multipliers: PROCAMPO in Mexico, Elisabeth Sadoulet, Alain de 
Janvry, and Benjamin Davis, January 2001 

98 Participation and Poverty Reduction: Issues, Theory, and New Evidence from South Africa, John Hoddinott, 
Michelle Adato, Tim Besley, and Lawrence Haddad, January 2001 

97 Socioeconomic Differentials in Child Stunting Are Consistently Larger in Urban Than in Rural Areas, 
Purnima Menon, Marie T. Ruel, and Saul S. Morris, December 2000 

96 Attrition in Longitudinal Household Survey Data: Some Tests for Three Developing-Country Samples, Harold 
Alderman, Jere R. Behrman, Hans-Peter Kohler, John A. Maluccio, Susan Cotts Watkins, October 2000 

95 Attrition in the Kwazulu Natal Income Dynamics Study 1993-1998, John Maluccio, October 2000 

94 Targeting Urban Malnutrition: A Multicity Analysis of the Spatial Distribution of Childhood Nutritional 
Status, Saul Sutkover Morris, September 2000 

93 Mother-Father Resource Control, Marriage Payments, and Girl-Boy Health in Rural Bangladesh, Kelly K. 
Hallman, September 2000 

92 Assessing the Potential for Food-Based Strategies to Reduce Vitamin A and Iron Deficiencies: A Review of 
Recent Evidence, Marie T. Ruel and Carol E. Levin, July 2000 

91 Comparing Village Characteristics Derived From Rapid Appraisals and Household Surveys: A Tale From 
Northern Mali, Luc Christiaensen, John Hoddinott, and Gilles Bergeron, July 2000 



FCND DISCUSSION PAPERS 
 

 

90 Empirical Measurements of Households’ Access to Credit and Credit Constraints in Developing Countries: 
Methodological Issues and Evidence, Aliou Diagne, Manfred Zeller, and Manohar Sharma, July 2000 

89 The Role of the State in Promoting Microfinance Institutions, Cécile Lapenu, June 2000 

88 The Determinants of Employment Status in Egypt, Ragui Assaad, Fatma El-Hamidi, and Akhter U. Ahmed, 
June 2000 

87 Changes in Intrahousehold Labor Allocation to Environmental Goods Collection: A Case Study from Rural 
Nepal, Priscilla A. Cooke, May 2000 

86 Women’s Assets and Intrahousehold Allocation in Rural Bangladesh: Testing Measures of Bargaining 
Power, Agnes R. Quisumbing and Bénédicte de la Brière, April 2000 

85 Intrahousehold Impact of Transfer of Modern Agricultural Technology: A Gender Perspective, Ruchira 
Tabassum Naved, April 2000 

84 Intrahousehold Allocation and Gender Relations: New Empirical Evidence from Four Developing Countries, 
Agnes R. Quisumbing and John A. Maluccio, April 2000 

83 Quality or Quantity? The Supply-Side Determinants of Primary Schooling in Rural Mozambique, Sudhanshu 
Handa and Kenneth R. Simler, March 2000 

82 Pathways of Rural Development in Madagascar: An Empirical Investigation of the Critical Triangle of 
Environmental Sustainability, Economic Growth, and Poverty Alleviation, Manfred Zeller, Cécile Lapenu, 
Bart Minten, Eliane Ralison, Désiré Randrianaivo, and Claude Randrianarisoa, March 2000 

81 The Constraints to Good Child Care Practices in Accra: Implications for Programs, Margaret Armar-
Klemesu, Marie T. Ruel, Daniel G. Maxwell, Carol E. Levin, and Saul S. Morris, February 2000 

80 Nontraditional Crops and Land Accumulation Among Guatemalan Smallholders: Is the Impact Sustainable? 
Calogero Carletto, February 2000 

79 Adult Health in the Time of Drought, John Hoddinott and Bill Kinsey, January 2000 

78 Determinants of Poverty in Mozambique: 1996-97, Gaurav Datt, Kenneth Simler, Sanjukta Mukherjee, and 
Gabriel Dava, January 2000 

77 The Political Economy of Food Subsidy Reform in Egypt, Tammi Gutner, November 1999. 

76 Raising Primary School Enrolment in Developing Countries: The Relative Importance of Supply and 
Demand, Sudhanshu Handa, November 1999 

75 Determinants of Poverty in Egypt, 1997, Gaurav Datt and Dean Jolliffe, October 1999 

74 Can Cash Transfer Programs Work in Resource-Poor Countries? The Experience in Mozambique, Jan W. 
Low, James L. Garrett, and Vitória Ginja, October 1999 

73 Social Roles, Human Capital, and the Intrahousehold Division of Labor: Evidence from Pakistan, Marcel 
Fafchamps and Agnes R. Quisumbing, October 1999 

72 Validity of Rapid Estimates of Household Wealth and Income for Health Surveys in Rural Africa, Saul S. 
Morris, Calogero Carletto, John Hoddinott, and Luc J. M. Christiaensen, October 1999 

71 Social Capital and Income Generation in South Africa, 1993-98, John Maluccio, Lawrence Haddad, and 
Julian May, September 1999 

70 Child Health Care Demand in a Developing Country: Unconditional Estimates from the Philippines, Kelly 
Hallman, August 1999 

69 Supply Response of West African Agricultural Households: Implications of Intrahousehold Preference 
Heterogeneity, Lisa C. Smith and Jean-Paul Chavas, July 1999 

68 Early Childhood Nutrition and Academic Achievement: A Longitudinal Analysis, Paul Glewwe, Hanan 
Jacoby, and Elizabeth King, May 1999 

67 Determinants of Household Access to and Participation in Formal and Informal Credit Markets in Malawi, 
Aliou Diagne, April 1999 



FCND DISCUSSION PAPERS 
 

 

66 Working Women in an Urban Setting: Traders, Vendors, and Food Security in Accra, Carol E. Levin, Daniel 
G. Maxwell, Margaret Armar-Klemesu, Marie T. Ruel, Saul S. Morris, and Clement Ahiadeke, April 1999 

65 Are Determinants of Rural and Urban Food Security and Nutritional Status Different? Some Insights from 
Mozambique, James L. Garrett and Marie T. Ruel, April 1999 

64 Some Urban Facts of Life: Implications for Research and Policy, Marie T. Ruel, Lawrence Haddad, and 
James L. Garrett, April 1999 

63 Are Urban Poverty and Undernutrition Growing? Some Newly Assembled Evidence, Lawrence Haddad, 
Marie T. Ruel, and James L. Garrett, April 1999 

62 Good Care Practices Can Mitigate the Negative Effects of Poverty and Low Maternal Schooling on 
Children's Nutritional Status: Evidence from Accra, Marie T. Ruel, Carol E. Levin, Margaret Armar-
Klemesu, Daniel Maxwell, and Saul S. Morris, April 1999 

61 Does Geographic Targeting of Nutrition Interventions Make Sense in Cities? Evidence from Abidjan and 
Accra, Saul S. Morris, Carol Levin, Margaret Armar-Klemesu, Daniel Maxwell, and Marie T. Ruel, April 
1999 

60 Explaining Child Malnutrition in Developing Countries: A Cross-Country Analysis, Lisa C. Smith and 
Lawrence Haddad, April 1999 

59 Placement and Outreach of Group-Based Credit Organizations: The Cases of ASA, BRAC, and PROSHIKA 
in Bangladesh, Manohar Sharma and Manfred Zeller, March 1999 

58 Women's Land Rights in the Transition to Individualized Ownership: Implications for the Management of 
Tree Resources in Western Ghana, Agnes Quisumbing, Ellen Payongayong, J. B. Aidoo, and Keijiro Otsuka, 
February 1999 

57 The Structure of Wages During the Economic Transition in Romania, Emmanuel Skoufias, February 1999 

56 How Does the Human Rights Perspective Help to Shape the Food and Nutrition Policy Research Agenda?, 
Lawrence Haddad and Arne Oshaug, February 1999 

55 Efficiency in Intrahousehold Resource Allocation, Marcel Fafchamps, December 1998 

54 Endogeneity of Schooling in the Wage Function: Evidence from the Rural Philippines, John Maluccio, 
November 1998 

53 Agricultural Wages and Food Prices in Egypt: A Governorate-Level Analysis for 1976-1993, Gaurav Datt 
and Jennifer Olmsted, November 1998 

52 Testing Nash Bargaining Household Models With Time-Series Data, John Hoddinott and Christopher Adam, 
November 1998 

51 Urban Challenges to Food and Nutrition Security: A Review of Food Security, Health, and Caregiving in the 
Cities, Marie T. Ruel, James L. Garrett, Saul S. Morris, Daniel Maxwell, Arne Oshaug, Patrice Engle, 
Purnima Menon, Alison Slack, and Lawrence Haddad, October 1998 

50 Computational Tools for Poverty Measurement and Analysis, Gaurav Datt, October 1998 

49 A Profile of Poverty in Egypt: 1997, Gaurav Datt, Dean Jolliffe, and Manohar Sharma, August 1998. 

48 Human Capital, Productivity, and Labor Allocation in Rural Pakistan, Marcel Fafchamps and Agnes R. 
Quisumbing, July 1998 

47 Poverty in India and Indian States: An Update, Gaurav Datt, July 1998 

46 Impact of Access to Credit on Income and Food Security in Malawi, Aliou Diagne, July 1998 

45 Does Urban Agriculture Help Prevent Malnutrition? Evidence from Kampala, Daniel Maxwell, Carol Levin, 
and Joanne Csete, June 1998 

44 Can FAO's Measure of Chronic Undernourishment Be Strengthened?, Lisa C. Smith, with a Response by 
Logan Naiken, May 1998 

43 How Reliable Are Group Informant Ratings? A Test of Food Security Rating in Honduras, Gilles Bergeron, 
Saul Sutkover Morris, and Juan Manuel Medina Banegas, April 1998 



FCND DISCUSSION PAPERS 
 

 

42 Farm Productivity and Rural Poverty in India, Gaurav Datt and Martin Ravallion, March 1998 

41 The Political Economy of Urban Food Security in Sub-Saharan Africa, Dan Maxwell, February 1998 

40 Can Qualitative and Quantitative Methods Serve Complementary Purposes for Policy Research? Evidence 
from Accra, Dan Maxwell, January 1998 

39 Whose Education Matters in the Determination of Household Income: Evidence from a Developing Country, 
Dean Jolliffe, November 1997 

38 Systematic Client Consultation in Development: The Case of Food Policy Research in Ghana, India, Kenya, 
and Mali, Suresh Chandra Babu, Lynn R. Brown, and Bonnie McClafferty, November 1997 

37 Why Do Migrants Remit? An Analysis for the Dominican Sierra, Bénédicte de la Brière, Alain de Janvry, 
Sylvie Lambert, and Elisabeth Sadoulet, October 1997 

36 The GAPVU Cash Transfer Program in Mozambique: An assessment, Gaurav Datt, Ellen Payongayong, 
James L. Garrett, and Marie Ruel, October 1997 

35 Market Access by Smallholder Farmers in Malawi: Implications for Technology Adoption, Agricultural 
Productivity, and Crop Income, Manfred Zeller, Aliou Diagne, and Charles Mataya, September 1997 

34 The Impact of Changes in Common Property Resource Management on Intrahousehold Allocation, Philip 
Maggs and John Hoddinott, September 1997 

33 Human Milk—An Invisible Food Resource, Anne Hatløy and Arne Oshaug, August 1997 

32 The Determinants of Demand for Micronutrients: An Analysis of Rural Households in Bangladesh, Howarth 
E. Bouis and Mary Jane G. Novenario-Reese, August 1997 

31 Is There an Intrahousehold 'Flypaper Effect'? Evidence from a School Feeding Program, Hanan Jacoby, 
August 1997 

30 Plant Breeding: A Long-Term Strategy for the Control of Zinc Deficiency in Vulnerable Populations, Marie 
T. Ruel and Howarth E. Bouis, July 1997 

29 Gender, Property Rights, and Natural Resources, Ruth Meinzen-Dick, Lynn R. Brown, Hilary Sims 
Feldstein, and Agnes R. Quisumbing, May 1997 

28 Developing a Research and Action Agenda for Examining Urbanization and Caregiving: Examples from 
Southern and Eastern Africa, Patrice L. Engle, Purnima Menon, James L. Garrett, and Alison Slack, April 
1997 

27 "Bargaining" and Gender Relations: Within and Beyond the Household, Bina Agarwal, March 1997 

26 Why Have Some Indian States Performed Better Than Others at Reducing Rural Poverty?, Gaurav Datt and 
Martin Ravallion, March 1997 

25 Water, Health, and Income: A Review, John Hoddinott, February 1997 

24 Child Care Practices Associated with Positive and Negative Nutritional Outcomes for Children in 
Bangladesh: A Descriptive Analysis, Shubh K. Kumar Range, Ruchira Naved, and Saroj Bhattarai, February 
1997 

23 Better Rich, or Better There? Grandparent Wealth, Coresidence, and Intrahousehold Allocation, Agnes R. 
Quisumbing, January 1997 

22 Alternative Approaches to Locating the Food Insecure: Qualitative and Quantitative Evidence from South 
India, Kimberly Chung, Lawrence Haddad, Jayashree Ramakrishna, and Frank Riely, January 1997 

21 Livestock Income, Male/Female Animals, and Inequality in Rural Pakistan, Richard H. Adams, Jr., 
November 1996 

20 Macroeconomic Crises and Poverty Monitoring: A Case Study for India, Gaurav Datt and Martin Ravallion, 
November 1996 

19 Food Security and Nutrition Implications of Intrahousehold Bias: A Review of Literature, Lawrence Haddad, 
Christine Peña, Chizuru Nishida, Agnes Quisumbing, and Alison Slack, September 1996 



FCND DISCUSSION PAPERS 
 

 

18 Care and Nutrition: Concepts and Measurement, Patrice L. Engle, Purnima Menon, and Lawrence Haddad, 
August 1996 

17 Remittances, Income Distribution, and Rural Asset Accumulation, Richard H. Adams, Jr., August 1996 

16 How Can Safety Nets Do More with Less? General Issues with Some Evidence from Southern Africa, 
Lawrence Haddad and Manfred Zeller, July 1996 

15 Repayment Performance in Group-Based credit Programs in Bangladesh: An Empirical Analysis, Manohar 
Sharma and Manfred Zeller, July 1996 

14 Demand for High-Value Secondary Crops in Developing Countries: The Case of Potatoes in Bangladesh and 
Pakistan, Howarth E. Bouis and Gregory Scott, May 1996 

13 Determinants of Repayment Performance in Credit Groups: The Role of Program Design, Intra-Group Risk 
Pooling, and Social Cohesion in Madagascar, Manfred Zeller, May 1996 

12 Child Development: Vulnerability and Resilience, Patrice L. Engle, Sarah Castle, and Purnima Menon, April 
1996 

11 Rural Financial Policies for Food Security of the Poor: Methodologies for a Multicountry Research Project, 
Manfred Zeller, Akhter Ahmed, Suresh Babu, Sumiter Broca, Aliou Diagne, and Manohar Sharma, April 
1996 

10 Women's Economic Advancement Through Agricultural Change: A Review of Donor Experience, Christine 
Peña, Patrick Webb, and Lawrence Haddad, February 1996 

9 Gender and Poverty: New Evidence from 10 Developing Countries, Agnes R. Quisumbing, Lawrence 
Haddad, and Christine Peña, December 1995 

8 Measuring Food Insecurity: The Frequency and Severity of "Coping Strategies," Daniel G. Maxwell, 
December 1995 

7 A Food Demand System Based on Demand for Characteristics: If There Is "Curvature" in the Slutsky Matrix, 
What Do the Curves Look Like and Why?, Howarth E. Bouis, December 1995 

6 Gender Differentials in Farm Productivity: Implications for Household Efficiency and Agricultural Policy, 
Harold Alderman, John Hoddinott, Lawrence Haddad, and Christopher Udry, August 1995 

5 Gender Differences in Agricultural Productivity: A Survey of Empirical Evidence, Agnes R. Quisumbing, 
July 1995 

4 Market Development and Food Demand in Rural China, Jikun Huang and Scott Rozelle, June 1995 

3 The Extended Family and Intrahousehold Allocation: Inheritance and Investments in Children in the Rural 
Philippines, Agnes R. Quisumbing, March 1995 

2 Determinants of Credit Rationing: A Study of Informal Lenders and Formal Credit Groups in Madagascar, 
Manfred Zeller, October 1994 

1 Agricultural Technology and Food Policy to Combat Iron Deficiency in Developing Countries, Howarth E. 
Bouis, August 1994 



 

 

 


