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EDITORIALS

“A TIMELY LOOK AT MICRONUTRIENTS AND URBANIZATION IN BRAZIL”

Demographic, epidemiologic and nutrition transitions, related
to global socioeconomic changes, have been identified recently in sev-
eral developing countries in which conditions of wealth and develop-
ment coexist with those of poverty and underdevelopment. In Brazil, a
rapid urbanization process occurred during the last few decades, with
about 75% of the population currently living in urban areas. This has
resulted in fundamental changes in the processes of provision of and
access to food and has lead to problems of concurrent under- and over-
nutrition. In many urban/metropolitan areas of Brazil a remarkable
decline in undernutrition has been observed, whereas there is an increase
in problems of dietary excess and in morbidity and mortality rates from
noncommunicable diseases. This is especially true for cardiovascular
diseases, which affect both the poor and the rich. With the transition in
dietary patterns and health conditions, possible deficits in micronutrients
may become evident, resulting either in marginal deficiencies (limiting
the potential to achieve optimal function and health), in classical clini-
cal deficiencies (with pathological manifestations) or both. Specific
micronutrient inadequacies may also increase the risk of contracting cer-
tain chronic noncommunicable diseases. In general, data on micronu-
trient status in major Brazilian cities are scarce and fragmented and the
impact of micronutrient inadequacies as risk factors for noncommunica-
ble diseases is unknown.

Responding to the present reality of urbanization nd nutrition
transition in Brazil, a workshop entitled “Micronutrient Status and
Urban Lifestyles in Brazil” was held in Rio de Janeiro in April 1997
under the auspices of the regional branch of Sociedade Brasileira de
Alimentagdo e Nutricdo (SBAN) and of the Committee II/3 on
Urbanization and Nutrition of the International Union of Nutritional
Sciences. The general concerns of this Workshop are related to those of
a previous International Workshop on “Modern Lifestyles and
Micronutrient Deficiency” held in Indonesia in 1995, with the general
objectives: 1) “to identify research opportunities” and 2) “to develop
new prophylactic and preventive strategies to reduce micronutrient defi-
ciencies in middle and high income groups in South East Asia.”
(Proceedings published in the Asia Pacific Journal of Clinical Nutrition,
vol 5, no. 3, 1996). In many ways, the realities of urbanization and
demographic, economic and nutrition transitions in South East Asia pre-
sent similarities with those of Latin America in general, and Brazil in
particular.

The Workshop in Rio aimed at: 1) evaluation of inadequate
micronutrient status in major cities; 2) evaluation of its possible relation
with noncommunicable diseases; and 3) identification of strategies for
prevention of micronutrient inadequacies and of research priorities.
Presentations were organized into sections, acquainting the participants
with the biological background of the relationship between micronutri-
ent inadequacies and noncommunicable diseases, and with the nutri-
tional and epidemiological trends in Brazil in relation to urbanization.
These were followed by a section in which selected studies in Brazil
regarding micronutrient status in urban areas were presented along with
an overview of the subject in other developing countries, specifically

Guatemala (where urban populations are still not predominant), and
Indonesia (where a recent and substantial urbanization has occurred).
As an outcome of the group discussions, and considering the
available evidences, an urgent need to obtain systematic and compre-
hensive information on micronutrient status in urban areas of Brazil was
recognized. This should be based on a common protocol applied at var-
ious urban sites throughout the nation. Descriptive population studies on
distribution of biochemical and functional indices and of dietary intakes

. of micronutrients are required to evaluate the distribution patterns and

prevalence of specific micronutrient inadequacies in small, medium and
large cities of different Brazilian regions. These studies will be useful for
planning case-control studies that relate specific micronutrient inade-
quacies with morbidity/mortality rates from noncommunicable diseases.
Expansion of the data on composition of nutrients and bioactive phyto-
chemicals in Brazilian foods is a requirement for adequate evaluation of
dietary effects. Regarding micronutrient deficiencies and their classical
consequences, research priorities should be on iron, zinc, and vitamin A
in infants and preschool children; and on iron, folate, calcium and vita-
min A in pregnant and lactating women. As for the relation between
micronutrient status and chronic-degenerative diseases, research should
focus on folate/antioxidant micronutrients and cardiovascular diseases,
and on calcium and osteoporosis. Strategies for improvement of urban
micronutrient status such as food fortification, supplementation and
development of novel foods, should be adapted to specific needs.
Besides goverment programs, free market strategies and alternative dis-
tribution methods could be developed.

This Workshop was a valuable opportunity to bring together
investigators actively pursuing research in urban nutrition and micronu-
trients into a forum for discussion of these issues within the Brazilian
context. We hope that this first experience will be followed by many
others, and will open new research opportunities for a better under-
standing, and the eventual alleviation, of nutritional problems in Brazil.

Luiz C. Truge, PhD

Regional Secretary (Rio de Janeiro) - SBAN
Nadia MLF. Trugo, PhD

Carmen M. Donangelo, PhD

Klaus Pietrzik, VMD

Co-Organizers of the Workshop



“THE LU.N.S. GAINS FROM PARTICIPATION WITH BRAZILIAN COLLEAGUES’
DEEPENING INTEREST IN URBAN NUTRITION”

It has been a privilege and an honor for the
Committee II/3 of the International Union of Nutritional
Sciences on Urbanization and Nutrition to have been a co-
sponsor of the Workshop on Micronutrient Status and Urban
Life Style in Brazil. It was from professionals who now con-
stitute this Committee that the first strong signals of just how
abandoned had been the focus on urban nutrition in devel-
oping countries. They also signaled how very complex and
dynamic would be the interactions among the various social
strata (upper, middle, and lower) and levels of organization
(metropolitan area, city, district, neighborhood, household,
individual). Subsequently, other seminal thoughts have been
mobilized on urban nutrition. Dr. Barry Popkin (also a mem-
ber of the Committee), in his formulation of the thesis of
“nutrition transition,” draws our attention to situations in
which both diseases of deficiency and of excess are simulta-
neously important in the public health scenario. Being seden-
tary may make one gain excess weight, putting the individual
at risk for obesity, hypertension, and diabetes.

One must look at the directions in which micronu-
trient intakes might go as a consequence of low-income peo-
ple’s adopting a more sedentary lifestyle. They will eat less
food and thus consume fewer micronutrients. The title of a
book edited by Klaus Pietrzik, Modern Lifestyles, Lower
Energy Intakes and Micronutrient Status, makes an important
point in its title, itself. If diets maintain the same nutrient
density, lower energy requirements will oblige persons to
consume lower total amounts of the micronutrients. The final
step is to recognize the potential for synergism between a rel-
atively deficient micronutrient intake and exposure to initiat-
ing and promoting factors for chronic diseases; being seden-
tary may make one eat less food and consume fewer nutri-
ents, and - despite that - gain excess weight. The obese indi-
vidual’s added risks for hypertension, diabetes and
osteoarthritis are perhaps exacerbated by relatively lower
micronutrient status, thus closing the vicious cycle.

The history of Brazil has been one of notable preva-
lences of undernutrition. In recent decades, a massive shift
in the concentrations of population has occurred, with 73%
of its citizens now living in cities. With the possible excep-
tion of the slums of Calcutta, the favelas of Brazil have
become emblematic of urban poverty. Clearly the situations
in the North and Northeast cities such as Fortaleza, Belem,
Recife, and Salvador might be more precarious, allowing for
persistence of both nutritional anemia and other deficiency
states of other trace elements and vitamins. The consensus
from the data presented at the Workshop was that only iron
deficiency, among the various micronutrients, is widely
endemic to the point of causing deficiency syndromes with-
in the large cities of the south of Brazil (Sao Paulo; Rio de
Janeiro; Brasilia). However, when considerations of other
outcomes - such as neural tube defects or elevated circulating

homocysteine - are raised, the cut-off for a desirable folate
status may be much higher than when traditional nutritional
criteria are applied. Brazil’s diet may make all urban popu-
lations vulnerable for these adversities.

Both of us have collaborated with Brazilian institu-
tions and have published papers based on urban populations
in Brazil. We see now that a critical mass of investigators
have been doing population research in the metropolises of
Brazil, and are now beginning to focus on the paradigm of
chronic disease. Confronting diet and health relationships
prompted many of those in attendance to call for an immedi-
ate effort to train Brazilian professionals in the modern nutri-
tional epidemiological methods. In the end, this meeting in
Rio may have done more than bring a group of scientists and
students together or to bring a collection of manuscripts
together; indeed, it may have brought the stimulus to bring a
constituency together to carry public health and community
nutrition research to the most relevant next level. If this will
have been the outcome of this. Workshop, then the [UNS
Committee 1I/3 can really be proud of any role it has played
in catalyzing this new departure.

Noel W. Solomons, MD
Chair, [UNS Committee 11/3
Rainer Gross, PhD

Past Chair, IUNS Committee 1I/3
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Environmental factors affecting nutritional status in
urban areas of developing countries

Benjamin Caballero and Sharon Rubinstein

Center for Human Nutrition, Johns Hopkins School of Public Health Baltimore, MD, USA

SUMMARY. Environmental factors affecting nutritional status in urban areas of developing countries. The demographic and economic transition that many devel-
oping countries are undergoing is producing important changes in diet and lifestyle that greatly impact on disease risks. Among the risk behaviors associated with socieconom-
ic transition and urbanization are excessive dietary fat intake, sedentary lifestyle, smoking, and environmental contamination. Combined with a reduced infant mortality and
increased life expectancy, those risk factors lead to an increasing prevalence of chronic diseases like non-insulin dependent diabetes and coronary heart disease. This disease pro-
file is a relatively new phenomenon in developing countries, where health programs have traditionally focused on “acute” interventions such as immunization or oral rehydra-
tion. A new approach will be needed to address chronic diseases, which frequently demand a life-long and technically complex medical management, and may have significant
impact on the quality of life and productivity of the population. Efforts to address this situation should focus on a) expanding the information base on diet, nutritional status and
lifestyle changes in populations migrating to urban areas; b) developing and evaluating approaches for improving diet quality in urban populations, including fortification and
community-based supplementation programs; ¢) understanding better the social and behavioral determinants of nutritional status in the urban poor; and d) defining the role of
the food industry and of agricultural production for improving the quality of the food supply in urban areas.

INTRODUCTION

The demographic and economic transition that many devel-
oping countries are undergoing is also associated with important
changes in diet and lifestyle that greatly impact on disease risks. Among
the risk behaviors associated with socioeconomic transition and urban-
ization are excessive dietary fat intake, sedentary lifestyle, smoking, and
environmental contamination. Combined with a reduced infant mortali-
ty and increased life expectancy, these risk factors lead to an increasing
number of adults and elderly affected by chronic diseases like non-
insulin dependent diabetes and coronary heart disease (1). This disease
profile is a relatively new phenomenon in developing countries, where
health programs have traditionally focused on “acute” interventions
such as immunization or oral rehydration. A new approach will be need-
ed to address chronic diseases, which frequently demand a life-long and
technically complex medical management, and may have a significant
impact on the quality of life and productivity of the affected population
Q). Although non-communicable chronic diseases are still not the
dominant cause of death in the poorest countries, their prevalence is
increasing at a much higher rate than in industrialized countries.
Worldwide, the two leading causes of death are ischemic heart disease
and cerebrovascular disease, and almost 60% of these occur in-the devel-
opinlg world (3). L )

n Latin America, over 80% of the population is considered urban
(4). This rapid migration occurred in a relatively short period of time,
and did not result from a gradual socio-economic development of rural
society, but rather primarily from the pressure of extemal factors deter-
mined by world economic forces (5). A similar process is occurring in
several Asian nations, resulting in a shift to the right of the population
BMI distribution (Figure 1, ref. (6) ). .

THE NUTRITIONAL ECOSYSTEM IN RURAL AREAS

The nutritional ecosystem in rural areas is characterized by:
* A predominance of vegetable protein sources, usually with low

micronutrient content.
» Seasonality of food availability, which causes important cycling in
body weight in adults and in growth velocity in children.

Availability of certain items that may be major sources of micronu-
trients will also be reflected in fluctuations in nutrient status throughout
the year.

* A food market system with minimal influence from marketing and
commercialization techniques, but strongly affected by agricultural and
food aid programs.

* High energy needs relative to intake. Physical activity patterns include
farming, transporting water, and raising animals for consumption.
Children may have additional energy demands as they may be incorpo-
rated into the workforce at an early age.

* High nutrient losses relative to intake, due to gastrointestinal diseases,
particularly parasitoses and acute diarrhea of bacterial or viral etiology.

As a result of these unfavorable nutritional and dietary conditions, a
process of adaptation takes place, consisting of reduction of growth rate
in children, and a reduction in energy expenditure (reduced productivi-
ty and leisure activities). This adaptation leads to functional impairment
and eventually to irreversible changes.

Environmental contaminants are also a factor in determining nutri-
tional status in rural areas. Carbon monoxide is generated by indoor
heating through wood fire, and it is also transferred to infants via breast
milk. Use of pesticides, particularly those with residual deposition in
adipose tissues of animals and humans, may pose an added risk to health
and interfere with nutrient utilization or increase requirements for certain
essential nutrients (7).

THE NUTRITIONAL IMPACT OF URBAN MIGRATION

Migration to urban areas is usually associated with major changes
in dietary and nutritional conditions. Socioeconomic change include
changes in the type of employment, and the loss of the survival system



FIGURE 1

Comparison of population distribution of body mass index (BMI) in three regions of
different degree of urbanization. Data from International Clinical Epidemiology Network
(INCLEN) (6)
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developed over many years in the rural environment. The family nucle-
us is frequently disassembled in the city, with parents living separately
because of work, and children spending long hours with no supervision,
either locked at home or in the street. The group (clan) approach to sur-
vival in rural areas is replaced by the city’s focus on the individual and
the competitiveness in the street or the workplace. Some of the nutri-
tional consequences of these changes are summarized in Table 1, and
include:

» Eating behavior is less centered in the home and family, and more out-
side the house. Street food vendors become a major source of daily
nutrient intake. This usually means cheap, low-quality ‘foods, perhaps
providing equal or more calories than rural foods but with no significant
improvement in micronutrient content. As the number of meals con-
sumed outside the house increases, the impact of intrahousehold food
distribution is substantially reduced, offering little opportunity to priori-
tize allocation, which in many cultures tend to favor the child.

« The market forces for food commercialization become a significant
factor in food availability and eating behavior. The influence of the
media in food preferences is well recognized.

+ Environmental contaminants of significance include lead, which
enhances the risk of nutritional anemia, and several industrial pollutants.
Tobacco use may be more common, aided by intense advertising and
ready availability. Smoking increases the requirements for antioxidant
micronutrients, and increases the risk of intrauterine growth retardation.
» Tllegal drug trafficking and drug addiction are eminently urban phe-
nomena. Victims are primarily in lower socioeconomic class, whether
they are users or not, because of the intense use of slums for drug traffic
operations and the frequently more aggressive involvement of police in

low-income neighborhoods.

* Alcoholism is not uncommon in rural areas, but it may be more preva-
lent in some urban settings.

» Limited surveys tend to indicate that physical activity is reduced in the
city relative to rural areas, but with much more variability. Low-energy
output work is much more common in the urban workplace, and the
energy expenditure required for basic survival tasks (food and water pro-
curement, transportation) is usually much lower in the city than in the
rural environment.

HEALTH AND NUTRITION IMPLICATIONS

As noted, one consequence of the changes enumerated above is a
trend toward increased BMI in the overall population (6). Although care-
fully controlled comparisons of rural and urban dietary intake are inher-
ently difficult to perform, a rough estimate of urban-rural differences in
dietary nutrient composition can be obtained from some of the reported
comparisons. We took the food consumption data published by Alarcon
et al. (8) and analyzed it using the U.S. food composition database to
compare the nutrient content of diets consumed by low-income families
in urban and rural Guatemala. The results show that the urban diet is
higher in calories, proteins, carbohydrates and fat content (Table 2). The
urban diet, nevertheless, provided similar or less amounts of vitamin A,
panthotenic acid, folic acid and ascorbic acid. Although the use of a
generic food composition database may not reflect the actual nutrient
content of food items, it nevertheless permits a restricted comparison
between these two diets. The results suggest that the dietary transition
towards an urban pattern of food intake may not necessarily improve
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micronutrient deficits found in the rural diet.

The fact that the urban diet provides more calories, along with a
reduced energy expenditure in the urban lifestyle, may lead to excessive
weight gain and an increased prevalence of obesity. Indeed, there is evi-
dence that the rate of obesity is increasing in most urban areas of the
developing world (9, 10). Furthermore, some observational studies sug-
gest that chronic malnutrition (stunting) early in life may constitute an
additional risk factor for obesity in older children and adolescents (11,
12).

The etiology and mechanisms of the increased prevalence of obesi-
ty in less developed countries are still unclear, but lifestyle and diet are

likely to be important factors. The association between poverty, malnu-
trition and risk of obesity has been a focus of interest. For many years,
obesity in developing countries was a problem of the higher socioeco-
nomic levels, but this trend is progressively reversing to a developed
country model, where the condition is more common in lower socioe-
conomic strata. Among the socio-economic and cultural factors explain-
ing this prevalence are less opportunities for recreational physical activ-
ities, less ability to purchase low-fat, healthier foods, and less exposure
to educational messages about healthy eating practices. The possible
contribution of genetic factors has also been explored. One hypothesis
is that poverty and its associated food scarcity early in life may cause a

TABLE 1
Dietary and lifestyle difference between urban and rural environments

Urban Rural

Energy Sources

Refined grains (rice, wheat) | Corn, millet

Role of women

Type of work

Stress

State regulations
Workforce

Capital-intensive
(low EE)

High

Sugar Unrefined sugar
Fiber: low Complex carbohydrates
Fiber: high
Protein Source Animal Vegetal
Fat Higher % of calories Less % of calories
Animal fat Vegetable oils
More saturated Less saturated
Processed foods Common Uncommon
Eating behavior Eating out Family/home
Fast foods
Breast feeding Low High
Determinant of diet Food industry Food production

Food distribution
Family

Labor-intensive
(high EE)

Variable




permanent imprinting of the metabolic system toward a higher efficien-
cy of energy utilization, allowing the individual to adapt to low-calorie
intake. When dietary energy becomes plentiful, this higher efficiency
will result in more excess calories been deposited as body fat. This the-
ory, named the “thrifty gene” hypothesis, was put forward to explain the
extraordinarily high rates of obesity among the Pima Indians of Arizona,
in the United States, where almost 80% of the adult population is over-
weight (13). However, genetic factors are unlikely to explain the rapid
rise in obesity rates in developing countries, which occurred in a rela-
tively short time span. In addition, there is evidence that environmental
factors play a major role in the rise in obesity among American Indians

6
such as the Pimas (14), and it is likely that the same is true in develop-
ing countries.

The prevalence of obesity in children is also increasing in urban
areas of the developing world (15). It is possible that children who reach
school age with a deficit in longitudinal growth and find an improved
availability of dietary calories (from a low-quality diet) do increase their
rate of body weight gain, but do not catch-up in longitudinal growth.
Such situation would tend to result in an increase in body mass index. It
is also likely that these urban diets may be only marginally adequate or
even inadequate in growth-related micronutrients such as zinc, which
will impair longitudinal growth but may not necessarily inhibit body fat

TABLE 2
Comparison of nutrient content of urban and rural diet (Guatemala)
URBAN RURAL
Calories (kcal) 2395 1538
Protein (g) 74.6 51
Carbohydrates (g) 406 309
Dietary fiber (g)- 52.2 52.1
Total fat (g) 61.7 26.7
Saturated fat (g) 16.3 6.9
Monosaturated fat (g) 19.9 8.73
Polysaturated fat (g) 18.6 7.96
Cholesterol (mg) 314 136
Vitamin A total (RE) 772 901
Vitamin A carotene (RE) 652 852
Vitamin A preformed (RE) 121 49.1
Vitamin C (mg) 74 69.8
Vitamin E (mg) 21.2 8.82
Panthotenic (mg) 5.12 7.48
Thiamin (mg) 1.82 1.94
Riboflavin (mg) 1.52 1.05
Niacin (mg) 21.3 18.1
Pyridoxine (mg) 1.92 1.88
Cobalamin (mg) 3.69 1.63
Folacin (mcg) 335 465
Calcium (mg) 370 140
Copper (mg) 1.45 0.995
-Iron (mmg) 17.8 10.2
Magnesium (mg) 528 397 ]
Phosphorus (mg) 1543 1169
Potasium (mg) 2472 2831
Selenium (mg) 1047 38.7
Sodium (mg) 863 294
Zinc (mg) 14.8 8.91

Food intake data from Alarcon et al. (8). Nutrient content calculated from U.S. food

composition database.
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accumulation.

Ideally, the diagnosis of obesity in children requires an assessment
of body fatness, and not only of body weight. Many developing country
children with body mass index above the reference cutoff point for obe-
sity may not have a true excess of body fat, but rather an impairment in
stature associated with a normal weight. For example, a 9 year-old child
with body weight in the 50th 70th percentile and height in the 5th-10th
percentile for age, will have a body mass index above the 85th per-
centile, which is the accepted cutoff point for overweight. It is unclear
whether this child has a true excess body fat for his/her age, and if so,
whether the risk for chronic diseases associated with that BMI is com-
parable with those defined for developed country populations.

The growth pattern of urban children shows a slight improvement
relative to the rural environment. Comparisons in Venezuelan children
by Lopez Blanco et al (16) show that while there is a higher percentage
of rural children that are malnourished (below the 10th percentile) there
is a higher prevalence of overweight children in the urban area (above
the 90th percentile) (Table 3).

The contribution of urban migration to coronary heart diseases can
be inferred from the dramatic increase in mortality from heart diseases
in still poor countries undergoing rapid urbanization. Statistics from
PAHO show that attributed mortality from cardiovascular diseases is
increasing at a higher rate in poor countries, compared with developed
countries where incidence is stable or decreasing (4).

PROGRAMMATIC IMPLICATIONS

Health and nutrition in urban areas is a relatively new focus of con-
cern, and still few public health programs adequately address the chang-
ing needs called for by urbanization. A major contribution of the scien-
tific community would be to provide a solid foundation to define priori-

ties and modify old programs in order to address the needs of the urban
poor (10). Some of the key issues to be addressed should include:
1. Patterns of dietary intake in urban populations
» Content and bioavailability of micronutrients
* Nutrient interactions: Calcium, iron and lead
+ Oxidative load (from diet and environment)
2. Nutrient balance and output
« Changes in nutrient requirements: increased demands of some
micronutrient due to increased oxidative load, environmental
toxins, etc. Impact of changes in energy balance on require-
ments of micronutrients.
= Changes in nutrient losses.

In addition, more general programmatic areas would need to be
revised or developed. Among these tasks we should include:

1. Improve the database on dietary intake and nutritional status by
obtaining longitudinal information on changes in diet, nutrition-
al status and lifestyle on populations migrating to urban areas.

2. Define strategies for improving diet quality in urban popula-
tions, including fortification and community-based supplemen-
tation programs.

3. Identify the social and behavioral determinants of nutritional
status in the urban poor.

4. Define the role of the food industry and of agricultural produc-
tion on improving the quality of the food supply in urban areas.

5. Document the role of existing programs, particularly food dis-
tribution and supplementation programs created to combat mal-
nutrition, on current dietary trends in low-income urban popula-
tions. Identify the changes needed in existing nutrition programs
to adapt to the nutrition transition, and develop new components
to address emerging diet-related conditions.

TABLE 3

Growth of children in rural and urban areas

WEIGHT/ HEIGHT/ WEIGHT/
HEIGHT AGE AGE
URBAN | RURAL | URBAN | RURAL | URBAN | RURAL
(%) (%) (%) (%) (%) (%)
> 90 12.01 8.42 6.75 4.83 9.06 5.09
PCT.
10" >< 9o 78.27 78.38 76.76 68.14 72.93 67.21
PCT.
<10% PCT. 9.72 13.19 16.46 27.02 17.99 27.69

Data from Lopez-Blanco et al. (16).




The potential impact of chronic non-communicable diseases on
the health and economic progress of developing countries is enormous.
Loss of quality of life and productivity, as well as increasing demand for
complex medical care will seriously tax the health care system and soci-
ety at large. Furthermore, the crisis affecting the technology-driven med-
ical care of industrialized countries is sufficient to discourage any
attempts to imitate that model to address this problem. Only a preven-
tion-focused health policy may have a positive impact, by reducing the
rate of these diseases. Toward this goal, diet and nutrition efforts should
clearly play a major role.
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SUMMARY. The role of homocysteine, folate and other B-vitamins in the development of atherosclerosis. Recently, elevated homocysteine blood concentrations have been
identified as an independent risk factor for the development of atherosclerotic lesions. The amino acid homocysteine is metabolized in the human body involving the vitamins
folic acid, B12 and B6 as essential cofactors and coenzymes, respectively. There is an inverse relationship between the status of the relevant B-vitamins and the homocysteine
blood concentration. Supplementation of these vitamins results in a significant reduction of the homocysteine level. Nutritive amounts seem to be sufficient to obtain this reduc-

tion, even in the case of elevated homocysteine levels.

INTRODUCTION

Atherosclerotic diseases like coronary heart disease (CHD)
and stroke still are the leading causes of death in the Western World. A
variety of risk factors have been associated with the development of ath-
erosclerotic diseases. Among them are hypertension, hypercholes-
terolemia, smoking and hyperlipidemia, which together account for
about 50% of the cases of CHD. However, there must be additional rea-
sons for CHD, since half of the cases cannot be explained by the pres-
ence of the established risk factors.

For several years, the amino acid homocysteine has been dis-
cussed as a potential risk factor for the development of atherosclerotic
diseases. The discovery of homocystinuria in 1962 draw first attention

to the association between elevated homocysteine blood levels and the
occurence of vascular diseases. In this inbom error of metabolism,
homocysteine is accumulated in the blood. This leads to partial oxyda-
tion of homocysteine to homocystine, which is then excreted via the
urine. If untreated, affected individuals develop large atheroslcerotic
lesions as well as thromboembolic events early in life and often die
before the age of 30 from stroke or myocardial infarction.

METABOLISM OF HOMOCYSTEINE

In the organism, homocysteine is exclusively derived from
the essential amino acid methionine and is not taken up via the diet.
Homocysteine can be remethylated to methionine or catabolized to cys-

FIGURE 1
Metabolism of homocysteine
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teine (Fig. 1).Three vitamins of the B-group are involved in the metab-
olism of homocysteine: Folic acid as 5-methyl-tetrahydrofolic acid (5-
methyl-THF) is the donor of the methyl group required for the remethy-
lation reaction. Vitamin B12 functions as coenzyme in this reaction. The
formation of cysteine requires 2 enzymes for which vitamin B6 in the
form of 5-pyridoxal-phosphate (PLP) serves as coenzyme.

RELEVANCE OF HOMOCYSTEINE FOR THE
DEVELOPMENT OF ATHEROSCLEROSIS

From observations of extendend and early-onset vascular
lesions in homocystinuric patients the question arose if homocysteine
levels as seen in the general population would be associated with the
development of atherosclerosis. Subsequently, several studies examined
the association between (moderately) elevated homocysteine levels and
the risk for atherosclerosis. In case-control studies, a high percentage of
patients with CHD showed elevated homocysteine levels. Clarke et
al.(1) found high homocysteine levels in 42% of patients with cere-
brovascular diseases, 28% of patients with peripheral vascular diseases
and 30% of cases with coronary vascular diseases. However, none of the
healthy control persons showed an elevation of homocysteine blood
concentration. Others found that the mean homocysteine level of
patients with coronary, peripheral and cerebrovascular diseases was sig-
nificantly higher than that of comparable controls (2-9).

Despite differences in study design, there is a striking agree-
ment between the numerous studies on this topic. So far, there are 38
studies investigating the association of elevated homocysteine levels and
risk for atherosclerotic diseases. Of these 38 studies, 34 did find such an
association (10). It was also shown that elevated homocysteine levels
are an independent risk factor for the development of atherosclerotic dis-
eases (1,7,9,11,12). In other words, even in the absence of other, estab-
lished risk factors like hypertension, smoking or hypercholesterolemia
an increase in homocysteine concentration alone can be responsible for
the development of atherosclerosis.

There seems to be a graded increment in the risk of athero-
sclerosis with increasing homocysteine levels. It is now accepted that a
treshold indicating a significantly elevated risk for persons with homo-
cysteine concentrations above that value does not exist. Calculations
show that the risk for coronary disease is elevated by 60% for men and
80% for women with every 5 mmol/l increase in homocysteine levels
(10).

Upon comparison of data on the relevance of various risk fac-
tors it becomes evident that homocysteine plays an important role as risk
factor for atherosclerotic diseases (1,10). It is thought to be at least
equally important as elevated cholesterol levels (10).

VITAMIN SUPPLEMENTATION AS A MEANS TO
INFLUENCE HOMOCYSTEINE LEVELS

The metabolization and degradation of homocysteine in the
body requires the presence of the vitamins folic acid, vitamin B12 and
vitamin B6. A low status of these vitamins is rapidly reflected by an
increase in the homocysteine blood level. Therefore, homocysteine can
be referred to as a functional parameter of the vitamin nutritional status
of the respective B-vitamins. Seventy-seven of 78 patients with vitamin
B12 -deficiency and 18 of 19 patients with confirmed deficiency of folic
acid had elevated homocysteine levels compared to a healthy control
group (13). There exists an inverse relationship between homocysteine
and the relevant B-vitamins: a low homocysteine level is associated with
high blood concentrations of folic acid and vitamin B12 whereas the

homocysteine blood concentration increases with decreasing vitamin
levels (14)

10
EFFECTIVENESS OF THE VITAMINS TO LOWER
HOMOCYSTEINE LEVELS

By supplementing the vitamins involved in the metabolism of
homocysteine, the blood level of this atherogenic amino acid can be
lowered. A combination of folic acid, vitamin B12 and B6 given daily in
an amount 2,5-4 times the RDA was able to lower the homocysteine
level significantly by 17-50% (15,16). The extent depends on the homo-
cysteine concentration at the onset of supplementation: the higher the
level, the greater the observed treatment effect.

In our own studies we were able to show that the homocys-
teine level could be influenced by low (nutritive) doses of the relevant
vitamins even in the case of so-called “normal” homocysteine concen-
trations and adequate vitamin status prior to supplementation. In one of
our studies, 35 female students were supplemented with a multivitamin
tablet containing 400 mg folic acid, 2 mg vitamin B6 and 6 mg vitamin
B12 daily. Within four weeks, the mean homocysteine level decreased
significantly by as much as 21% in this group, whereas no change was
observed in the control group (placebo; n= 37). Ongoing supplementa-
tion did not lead to a further reduction.

Folic acid, vitamin B12 and vitamin B6 differ in their poten-
tial to influence the homocysteine level. Vitamin B6 alone does not seem
to have a lowering effect (10,15). Supplementation with vitamin B12
resulted in a decrease by 15% in men with initial elevated homocysteine
blood concentrations (16). However, in this study as much as 400 mg
vitamin B12 was given, which is about 133 times the daily requirement
for healthy adults. Folic acid seems to play a key role in lowering homo-
cysteine. In men, a reduction of 42% in homocysteine levels was
obtained by supplementation with folic acid (0.65 mg/d) alone, which
was not significantly different from the effect obtained by giving a com-
bination of folic acid (0.65 mg/d), vitamin B12 (0.4 mg/d) and vitamin
B6 (10 mg/d) (16). Similarly, supplementation of folic acid to young
women was as effective in reducing the homocysteine level as 4 combi-
nation of folic acid and vitamin B6 (15).

In their meta-analysis, Boushey et al. (10) estimated-that an
increase in folic acid intake could prevent up to 50 000 deaths due to
CHD in the USA. Calculations for Germany show that the death rate
from CHD could be reduced by up to 15 000 depending on the inter-
vention strategy used for increasing the uptake of folic acid (Table 1).

The key role of folic acid in lowering homocysteine is also
supported by other authors (10,12,16) and can be explained biochemi-
cally: In the metabolism of homocysteine, the vitamins B6 and B12
serve as coenzymes and thus are not used up during the reaction they are
involved in. Folic acid, however, functions as donor of the methyl group
in the remethylation reaction and is used up quantitatively so that it has
to be regenerated to S-methyl-THF. During the remethylation reaction,
the methyl group of 5-methyl-THF is transferred to vitamin B12 and
after that to homocysteine to form methionine. Therefore, folic acid acts
as limiting factor for this reaction and the absence of the methyl donor
cannot be compensated by vitamin B12. Vitamin B12 does not seem to
play a key role because it is usually present in sufficient amounts due to
large stores of this B-vitamin in the body.

The minor role of vitamin B6 is thought to result from the
possibility of the body to increase the remethylation rate in the case of 2
lack of the respective coenzyme (PLP) and thus limited degradation of
homocysteine to cysteine via the transsulfuration pathway. This increase
in the remethylation rate seems to sufficiently prevent an accumulation
of homocysteine in the body (17).

So far it is known that nutritive amounts of folic acid are able
to lower homocysteine levels in young women. This age group usually
has homocysteine levels below 10 mmol/l, even though “normal” levels
have not been defined yet. The homocysteine blood concentration
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TABLE 1
Potential reduction of deaths from coronary heart disease (CHD) for persons aged 45 years
and older based on different intervention strategies

Intervention strategy Annual number of potentially preventable deaths
USA Germany
I 1 2
Food fortification (flour and up to 50 000 ~ 15000
cereal products)

S 1 2
Folic acid supplements up to 28 000 ~ 10000
(assuming high effectiveness)

.. . . 1 2
Nutrition education-(assuming up to 26 500 ~ 8 000
high effectiveness)

1 Data for USA from JAMA 1995; 274: 1049 - 1057

2 Data calculated for Germany (Pietrzik 1995)

increases with age and reaches levels of 10-15 mmol/l in healthy adults
of middle age. Elderly persons show homocysteine concentrations of
about 10-25 mmol/l. We assume that nutritive amounts are still sufficient
to effectively lower these levels and are currently investigating this
topic. However, it might be possible that elderly people require a com-
bination of all vitamins involved in the metabolism of homocysteine
since they often have a suboptimal vitamin status. Data from the
Framingham study show that 30% of the patients had an elevated homo-
cysteine level. In 67% of these patients a suboptimal vitamin status of
one or more of the three B-vitamins was found and thought to be the
cause for the elevation of homocysteine (18). It is also known that about
30% of elderly people have an atrophic gastritis which may lower the
absorption of vitamin B12 and lead to a suboptimal status of this vita-
min over time.
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SUMMARY. Calcium and osteoporosis. Osteoporosis is a crippling disease that emerges as an important public health problem both in developed and developing countries
including Brazil. The clinical condition is characterized mainly by loss of bone mineral mass in later life as the net result of complex physiological and environmental interact-
ing factors during lifetime. Calcium intake appears as an obvious nutritional factor in the prevention of osteoparosis but its contribution is still not well established particularly
when populations with different habitual levels of calcium intake are compared. In this section, we examine the role of calcium intake as affecting bone mineral density at dif-
_ferent stages of development and with aging, with special attention to the possible stress on bone mass due to pregnancy and lactation. Nutritional studies demonstrate that, in
general, adequate calcium intake during lifetime contributes 10 decrease the risk of osteoporosis. However, the Jong term effects on bone health of sub-adequate, but not very low,
habitual calcium intakes during highly demanding physiological periods such as adolescence, pregnancy and lactation, are still largely unknown. Sub-adequate calcium intakes

are probably common in Brazil.

INTRODUCTION

Osteoporosis is the clinical condition characterized by a reduc-
tion in both bone mineral and bone matrix, decreasing bone density with
a consequent higher risk of fractures following trauma. This condition is
emerging as an important public health problem, both in developed and
developing countries, due to the worldwide trend in increased life
expectancy leading to a larger number of elderly persons. Osteoporosis
affects millions of individuals around the world, but even with reduced
bone density incidence of fractures vary for different populations possibly

“due to the complex etiology of this condition (1,2). Data from Brazil are
scarce and it mainly relates to incidence of fractures (3). Considering that
on a global basis osteoporosis affects about [0 % of the population older
than 60 years (4) it may be estimated that in Brazil at least 1.5 million per-
sons are affected.

Bone density in the adult and aged organism depends both on-

the peak of bone density achieved through adolescence and early aduit-
hood and on the subsequent bone loss associated with aging. In general,
women reach a lower peak bone density and loose bone faster - with age
than men and therefore have higher life-time risk of fractures than men
(5). Complex physiological and environmental interacting factors need to
be considered as affecting peak bone density, maintenance of peak bone
mass through the reproductive years in the adult, and bone loss with aging.
Genetic factors seem to have the higher contribution, accounting for up to
80 % of population variance of peak bone density (5) and about 25 % of
bone density in the elderly (1). Most of the genetic differences in bone
density seem o be explained by allelic variations of the vitamin D recep-
tor gene (6). Although calcium nutrition seems to contribute with less than
20% to these variances, the importance of adequate calcium intake and
calcium status on the prevention of osteoporosis is at present under intense
investigation as a readily implementable and relatively inexpensive envi-
ronmental preventive factor.

. We will examine in this section, the role of calcium intake in
the prevention of osteoporosis as it affects bone mineral density at differ-
ent stages of development and aging, with special attention to pregnancy
and lactation.

CALCIUM INTAKE AND PEAK BONE DENSITY

Interest in the role of calcium intake on adolescent bone min-
eralization as a preventive factor of osteoporosis is based on the hypoth-
esis that a greater peak bone mass reached in young adulthood will be a
determinant of a greater bone mass at menopause and a greater sustained
bone density during aging.

The acquisition of bone mass and density is a result of age,
sex, other genetic factors, pubertal status, physical exercise and calcium
intake. Bone density increases dramatically during puberty in response
to gonadal steroids. During the adolescent growth spurt, about 45% of
the adult’s skeletal volume is formed, with the bone mineral content
increasing at a rate of about 8.5% per year (5). Increase in bone mass,
particularly in cancellous bone, is strongly influenced by hormonal
changes in adolescence (7), which is explained by the strong relationship
between osteoblast activity and gonadal steroid stimulation (5,8). In sit-
unations of puberty delay due to gonadal hormone deficiency, normal
peak bone density is not reached (7).

Several recent studies have focused on the role of adequate
calcium intake on bone mineral acquisition during adolescence. An
investigation examining 487 calcium balance studies in children aged
<18 years (9) suggested that together with rates of skeletal modeling and
turnover, calcium intake is a main determinant of calcium balance dur-
ing growth. This investigation also suggested that the threshold for
achieving positive adequate balances for skeletal growth may require
calcium intakes at levels exceeding present recommended allowances.
Moreover, based on estimations from cross-sectional studies relating
bone density and calcium intakes, it was concluded that adolescents with
average intakes below 1000 mg/d for boys and 850 mg/d for girls, will
probably not reach optimal peak bone mass (10). Some recent studies of
calcium supplementation during several months of pre-adolescents with
average calcium intake of 950 mg/d resulted, in fact, in significant
increase of bone mineral density (11,12) consistent with the critical role
of calcium intake on bone mineralization during this period.

Low calcium intake in children and adolescents appears to
limit acquisition of bone mass and bone maturation. Reduced bone



development and bone density have been observed in African children
and adolescents possibly related to low calcium intakes (13). Studies in
South African children, 9-12 years of age, with calcium intakes lower
than 400 mg/d, showed that many of them had biochemical signs of
hyperparathyroidism and delayed bone maturation as indicated by low
s;:mm calcium and raised activity of plasma alkaline phosphatase, which
normalized after calcium supplementation (14). A study of 900 children
in Brazil, 7-17 vears of age, comparing bone maturation and biochemi:
cal bone indices in privileged and underprivileged (15), showed that
plasma alkaline phosphatase and inorganic phosphorous were abnormal
in the underprivileged group. Moreover, these children also showed
delayed bone maturation as indicated by difference between chronolog-
ical and bone age. Although differences in calcium intakes between these
groups may be expected, calcium intake was not evaluated in this study.
In fact, habitual calcium intakes in the Brazilian population, including
children and adolescents, are largely unknown (3).

Calcium intake seems to play a critical role for achievement
of skeletal maturity since marginal intake in children and adolescents is
a limiting factor of peak bone mass and calcium supplementation can
increase bone mass, even in individuals with dietary intakes close to pre-
sent recommendations . What it is still not known is whether an
increased bone density in children and adolescents, obtained by a tem-
porary calcium supplementation, will persist during adulthood as an
intrinsic part of peak bone mass, thus reducing the risk of osteoporosis,
and if this effect will be different in individuals with habitually low or
close to adequate dietary calcium intakes.

CALCIUM INTAKE AND BONE STATUS WITH
PREGNANCY AND LACTATION

Pregnancy and lactation may potentially affect the mainte-
nance of peak bone mass during adulthood due to the substantial
amounts of calcium that need to be transferred from the mother to the
fetus or to the infant. A full-term pregnancy demands about 30 g of cal-
cium for transfer to the fetus while milk production for exclusive breast-
feeding during 6 months may demand 47-63 g of calcium (16). If mater-
nal bone mineral was the only source of calcium in these states, the
maternal skeleton would lose about 3% and 4-6% of calcium after preg-
nancy and lactation, respectively. Moreover, both physiological states
are characterized by hormonal alterations that may influence bone
tumover and bone density (16,17). Levels of circulating maternal estro-
gen are greatly increased during pregnancy due to the massive placental
production; progesterone, prolactin and PTHtP are also increased while
PTH levels remain normal or even decreased. Lactation is a hypoestro-
genic state with elevated prolactin tevels and normal or increased PTH
levels. Due to the different hormonal environments, the physiological
adjustments to maintain calcium homeostasis are different in these
states, with increased efficiency of intestinal calcium absorption occur-
ring in pregnancy, but not in lactation, and renal calcium conservation
occurring only in lactation. Although relationship with dietary intake
remains largely unknown, the calcium demands of the fetus and infant
may outstrip the calcium available from intestinal absorption and renal
economy, particularly in women with limited calcium intake, resulting in
increased mobilization of maternal bone calcium and increased risk of
Osteoporosis.

Studies in women with calcium intakes close or higher than
present recommendations during pregnancy have obtained biochemical
indication of both increased bone resorption and bone formation in this
period (18,19), suggesting that increased maternal bone tumover is a
physiological mechanism to ensure adequate matemal calcium avail-
ability for fetal demands. However, this mechanism will not necessarily
result in maternal bone loss. Prospective studies examining changes in
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bone density during pregnancy in healthy women did not produce con-
sistent results on bone Joss with pregnancy since either smail detectable
decrease in trabecular bone (20,21) or no change in bone mass (22,23)
have been observed. There are no reported studies on bone changes dur-
ing pregnancy in women with low or marginal calciurn intakes.

Mobilization of maternal bone calcium may be more variable
during lactation than during pregnancy because the degree of calcium
demand relates to the amount of breast milk produced and to the dura-
tion of breastfeeding, Moreover, the overall demand is generally higher
in lactation. Several longitudinal studies have clearly confirmed that
there is significant bone loss with established and extended lactation in
well nourished women (20, 24-27). These findings are supported by bio-
chemical evidence of increased bone tunover during lactation compared
to control women (18,19,28). An interesting fact emerging from some
studies (20,26,27) is that bone loss during lactation is followed by recov-
ery of bone mineral mass with re-establishment of menses, particularly
after weaning, consistent with increased efficiency of intestinal calcium
absorption in those situations (29). The bone mass recovery does not
seem to be affected by a subsequent pregnancy following an extended
lactation period (30). In fact, multiple pregnancies followed by lactation
may have a protective role (31) or no effect (32) on bone density and risk
of fractures in later life. Moreover, bone recovery seems to be largely
independent of variations in calcium intake in well nourished women
(27,28).

Studies in lactating women in The Gambia with very low cal-
cium intakes (< 300 mg/d) (33,34) demonstrated that matemnal bone
minerals make a substantial contribution to calcium requirements during
lactation in these women, by adaptive physiological mechanisms such as
high efficiency of intestinal calcium absorption and very low urinary cal-
cium excretion, that do not seem to respond to calcium supplementation.
Asignificant decrease in midshaft radious bone mineral content after 13
weeks of lactation was observed in these women, with recovery after 52
weeks while still breast-feeding, and no effect of calcium supplementa-
tion on these changes. It is interesting to note that bone density of
Gambian women was not different from that of British women. In fact,
osteoporosis is not a clinical problem in The Gambia and it is still
unclear if this is due to environmental an/or to genetic factors (33).

There is no information on bone changes after pregnancy and
lactation in women with sub-adequate although not very low calcium
intakes, a situation that is probably very common worldwide and in
many urban areas in Brazil. We have been studying calcium homeosta-
sis during pregnancy and lactation of Brazilian women with habitual cal-
cium intakes of about 600 mg/d, half the RDA for these periods (35-37).
We observed renal calcium conservation and increase in markers of both
bone mobilization (urinary hydroxyproline and D-pyridinoline) and
bone formation (plasma activity of bone-alkaline phosphatase) during
pregnancy and lactation in these women compared to never-pregnant
women with similar calcium intakes but the consequences on maternal
bone mass are unknown. Hydroxyproline excretion in the 3rd trimester
of pregnancy: was lower in multiparas compared to primiparas (35) but
it is unclear if this relates to preservation of maternal bone in multiparas
or to differences in composition of gained tissue not related to bone.
Responses of biochemical indices to a 7-day calcium supplementation
trials with 1000 mg Ca/d given as lactogluconate, measured in 3rd
trimester pregnant women, fully lactating women two months postpar-
tum, and never-pregnant women, all with dietary calcium intakes <600
mg/d were, in general, more similar between pregnant and controls than
between pregnant and lactating women (36,37). After the supplementa-
tion tial, urinary calcium excretion increased in a similar extent in preg-
nants and controls but did not change in the lactating women. Bone for-
mation, based on bone-alkaline phosphatase activity, was favored in all
three groups, but to a smaller extentin the lactating women. Bone degra-
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dation, based on hydroxyproline excretion, was reduced mainly in preg-
nant primiparas and slightly in the lactating women but did not change
in the other women. These results may suggest that the increased bone
turnover in both pregnancy and lactation in women with sub-adequate
calcium intake is sensitive to short term increase in calcium intake
although to a lower extent in lactation. It remains to be shown if a sus-
tained increase of calcium intake during pregnancy and lactation with
habitual sub-adequate but not very low dietary calcium, will modify the
rates of bone loss and recovery associated with these states, and have
long-term beneficial effects on maternal bone.

CALCIUM INTAKE AND BONE LOSS DURING AGING

Bone loss during aging is strongly dependent on physiologi-
cal factors, initially related to decline in gonadal steroids, affecting
mainly trabecular bone, and at later stages related to mild secondary
hyperparathyroidism and decrease in osteoblastic bone formation,
affecting also cortical bone. Bone loss begins in the pre-menopausal
period in women and by the fifth decade in men. During the first decade
after menopause, women may lose 25-30% of trabecular bone and 10-
15% of cortical bone (5).

The effect of calcium supplementation on bone mass during
aging have been examined by several clinical studies, particularly in
women. Although some inconsistencies arise from these studies, it
appears that both the habitual dietary calcium intake and the stage in life
of the woman (pre, early or late menopause) are important factors affect-
ing the rate of bone loss and bone response to calcium supplementation.
Alongitudinal study of postmenopausal women found that women with
dietary intakes < 400 mg/d lost spinal bone density at a greater rate than
did those with intakes >770 mg/d (38). Calcium supplementation was
beneficial in reducing bone loss in postrnenopausal women with calci-
um intake <400 mg/d, particularly in those at later stages, but not in
women with habitually higher calcium intake (39). Studies like these call
attention on the critical role of adequate calcium nutrition in reducing the
rate of bone loss during aging, particularly in women with habitually low
calcium intakes. Although sub-adequate calcium intakes have been
observed in adults and older individuals in Brazil (3) the possible asso-
ciation with bone health remains to be established.

CONCLUSIONS

Although calcium intake is only one of many complex factors
affecting bone mineral density during lifetime, nutritional studies have
demonstrated that adequate calcium intake makes an important preven-
tive contribution to decrease the risk of osteoporosis, with specific role
at different stages of development and during aging. However, evidence
is still insufficient to evaluate the long term effects on bone health of sub-
adequate but not very low habitual calcium intakes during highly
demanding physiological periods such as growth spurt, pregnancy and
lactation. These sub-adequate intakes are probably common in Brazil.
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SUMMARY. The stage of nutrition transition in different Brazilian regions. The stage of nutrition transition in Brazil at the end of the 1980s was evaluated using the data
from a nationwide cross-sectional anthropometry survey in Brazil in 1989 (Pesquisa Nacional sobre Satde e Nutrigdo-PNSN). Comparable estimates of undemutrition and obe-
sity were produced for children from 6 to 35 months old (n=3,641), adult males from 20 to 64 years old (n=14,235) and adult females from 18 to 64 years old (n=15,669). Bady
Mass Index (kg/m2) was employed to assess both undemutrition and obesity in adults and weight-for-age (undemutrition) and weight-for-height (obesity) indices were used for
children. The 5th and 95th centiles of the distribution of these indices in a reference population were used as limits for the diagnosis of undemutrition and obesity, respectively.
Ordering the frequency of the problems in the population showed obesity in women and undernutrition in children to be the two main nutritional disorders in the country. These
two problems are the most frequent in the urban population of the North, Northeast and Center-West regions, and in the Southeast and Center-West rural regions. Obesity leads
among both adults and children in the urban areas of the Southeast and South regions, and in the rural South. Only in the rural Northeast, the poorest region in the country, under-
nutrition leads among children, men and women. This mosaic of situations determines the need for a complete reassessment of traditional nutrition policies and programs

employed in the country.

INTRODUCTION

Both under and overnutrition are important nutritional distur-
bances that undermine the health of individuals. Undemutrition leads to
growth retardation, high vulnerability to infectious diseases, physical
and functional impairments, and lower work capacity (1-3). Qbesity is
associated with an increased incidence of cardiovascular disease, dia-
betes mellitus and cancer (4).

The relevance of each of these two problems in a specific
society and, therefore, the greater or lower priority assigned to control-
ling them will depend essentially on the prevalence each problem reach-
es in the population.

Undernutrition has very often been assumed to be a relevant
problem for developing countries while obesity is important in devel-
oped societies. However, the reality is far more complex. Firstly, neither
developed nor developing countries are homogeneous units for under
and overnutrition prevalences. For example, the significant difference
between the high rate of obesity in the USA and that observed in the
Canada or England (5), or the great magnitude of undernutrition in coun-
tries of sub-Saharan Africa when compared to countries of South
America (6).

Also, in developing countries enormous economic contrasts
mean that different regions and social strata may be subject to different
degrees of vulnerability to nutritional imbalances. In each stratum, the
magnitude of undernutrition and overnutrition may also be very differ-
ent for children and adults and between men and women. The last and
most essential aspect to consider has to do with the simultaneous reduc-
tion of undernutrition and increase in obesity observed in developing
societies showing a rapid and intense shift in their economic pattern and
demographic structure, a phenomenon which makes part of the “nutri-
tion transition” (7).

Trends of reduction in undernutrition and increase of obesity
have been demonstrated in Brazil between the 1970’s and 1980°s (8).
These trends have been attributed to aspects related to economics, and to

demographic changes which have occurred in the country over recent
decades. In this period a moderate improvement in family income and a
rapid process of urbanization with expansive public services have been
observed, along with changing diet and physical activity patterns of the
population .

In a previous work we have demonstrated that distinct income
groups in Brazil were in different stages of the nutrition transition (9).
The specific aim of the present article is to measure and qualify the stage
of nutrition transition in different regions of the country at the end of the
1980’s and to discuss its implications for health and nutrition policy
planning.

SOURCE AND ANALYSIS OF DATA

Data were obtained from a nationwide cross-sectional anthro-
pometric survey in Brazil undertaken in 1989 (Pesquisa Nacional sobre
Satide e Nutrigdo - PNSN) by the Brazilian Agency for national statis-
tics - the Brazilian Institute of Geography and Statistics - IBGE (10).

Multi-stage stratified clustering sampling was used in the sur-
vey. The survey consisted of 14,455 households, representative of all
urban and rural areas of the Brazilian regions, except the Northerh rural
area, because of low demographic density and difficulty of access. Adult
males from 20 to 64 years of age (n=14,235), adult females from 18 to
64 years of age (n=15,669), excluding pregnant women, and children 6
to 35 month-old (n=3,641) were included in this study (Table 1).

These age groups were selected essentially to facilitate inter-
pretation of anthropometric indicators of undernutrition and obesity.
Adults over 64 were excluded because height measurement may be not
enough accurate in the elderly population. Males between 18 and 20
years old were excluded because of evidence showing a late weight gain
in younger adult males, reflecting the final stages of maturation (11).

Anthropometric indices were employed to assess the nutri-
tional status of adults and children. Body Mass Index -BMI (weight
expressed in kg by height expressed in m’) was used to assess both
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TABLE 1
Distribution of individuals in the sample by regions. Brazil, 1989.
MEN WOMEN CHILDREN
REGION n % a % n %
NORTH

- Urban 1,732 122 2,004 128 485 133
- Rural - . - - - -
NORTHEAST
- Urban 1,505 10.6 2,016 129 400 11.0
- Rural 1,558 10.9 1,597 102 636 17.5
SOUTHEAST
- Urban 1,648 11.6 1,910 122 292 8.0
- Rural 1,687 119 1,577 16.1 394 10.8
SOUTH
- Urban 1,553 10.9 1,843 18 319 8.8
- Rural 1,650 116 1642 10.5 385 106
CENTER-WEST
- Urban 1,502 105 1,888 120 373 10.2
- Rural 1,400 9.8 1,192 76 357 9.8
BRAZIL 14,235 100.0 15,669 100.0 3,641 100.0
- Urban 7,940 55.8 9,661 61.7 1,869 51.3
- Rural 6,295 442 6,008 38.3 1,772 48.7

undemutrition and obesity in adults and weight-for-age (undemutrition)
and weight-for-height (obesity) were used in the case of children. Age
was always based on birth certificates or equivalent documents. Trained
teams measured weight using calibrated, portable micro-electronic
scales with individuals wearing light clothes and no shoes. Portable sta-
diometers were used to measure height of adults and older children and
length of infants and toddlers. .

The normative model was used to diagnose both undernutri-
tion and obesity. With a view to ascribing identical specificity to the
diagnosis of both events, the 5th and 95th centiles of the distribution of
anthropometric indices in a reference population were used as cut-offs.
In the case of weight-for-age (5th centile) and weight-for-height (95th
centile) in children, the international NCHS/WHO reference was adopt-
ed (12).

In the absence of an internationally recommended reference
for adult BMI, the adult Brazilian high-income population (individuals
studied by the PNSN survey with a monthly per capita family income
equivalent to US$ 78 or plus) was adopted as reference. Gender and

age-specific 5th centiles of the BMI distribution in the high-income
Brazilian population were used as cut-offs to assess the prevalence of
adult undernutrition. A single gender-specific (but not age-specific).
BMI cut-off were used to assess the prevalence of adult obesity: the one
corresponding to the 95th centile of high-income Brazilians with ages
from 18 to 24 years (females) or from 20 to 24 years (males). The age
restriction was essential to secure that the reference population was free
from obesity. Table 2 displays the BMI values employed as cut-offs for
the diagnosis of both adult undernutrition and obesity.

Estimates of undernutrition and obesity in children, men and
women are presented for the whole country and for its main regions.
Brazil is divided in five macro-regions: North, Northeast, Center-West,
Southeast and South. North and Northeast are the poorest regions in the
country. They have a Gross Domestic Product equivalent to US$ 2,000
per capita and near 45% of its population with income below the pover-
ty line. South and Southeast are the richest regions having a GDP per
capita around to US$ 4,000 and near 20% of its population below pover-
ty line. The Center-West is both geographically and economically situ-

TABLE 2
Body Mass Index (kg/m?) cut-offs employed in the diagnosis of adult -
undernutrition and obesity.

AGE GROUP UNDERNUTRITION OBESITY?

(years) MALES FEMALES - MALES FEMALES
18-19 - 17.2 28.4 27.7
20 -24 184 176 28.4 27.7
25-29 192 183 28.4 27.7
30-39 19.6 19.3 28.4 27.7
40 - 49 19.3 19.4 28.4 27.7
50-59 20.0 200 28.4 27.7
60 - 64 19.9 20.1 28.4 27.7

(1) Gender and age-specific 5% centile of the BMI distribution of high-income Brazilians.
(2) Gender specific 95 centile of the BMI distribution of young high-income Brazilians.
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ated between the poor North/Northeast and the rich South/Southeast
(13).

THE SITUATION OF THE GENERAL POPULATION

Table 3 displays comparable prevalences of undernutrition
and obesity in the Brazilian population. Among children, undernutrition
is more common than obesity (about 1.5 times) being similar the preva-
lence in both sexes. Among aduits an opposite situation is observed
being the excess of obesity slight in men (I.1 times) and stronger in
women (2.6 times). In absolute terms, female obesity (20.0%) and child

undernutrition (13.1%) -are the two most frequent events.
Undernourished adults, obese children and obese men are less frequent
in the country (around 8%-9%).

THE SITUATION OF THE URBAN
POPULATION IN DIFFERENT REGIONS

Table 4 presents comparable prevalences of undemutrition
and obesity in urban populations of different Brazilian regions.

Among urban children, undernutrition far exceeds obesity in
the poor North and Northeast regions (near 4 times). In the rich South

TABLE 3
Prevalence (%) of undernutrition and obesity by sex in children and adults. Brazil,1989.
CHILDREN ADULTS
SEX UNDERNOURISHED OBESE | UNDERNQURISHED OBESE
MALE 13.4 8.5 8.3 95
(11.1-15.7) (6.4-10.6) (7.5-9.1) 8.6-104)
FEMALE 12,9 9.6 7.6 20.0
(10.6 - 15.2) (7.3-11.8) 6.9-82) (18.8 -21.1)
TOTAL 13.1 9.0 79 15.0
(11.3 - 14.9) (7.4 -10.6) (7.1 - 8.6) (13.6 - 16.4)

Note: See text for the criteria employed in the diagnosis of undernutrition and obesity. Confidence
intervals (95%) in parenthesis, taking into account sampling design effect.

and Southeast regions child obesity is twice as frequent as child under-
nutrition. In the Center-West there is a relative equilibrium between obe-
sity and undernutrition. :

Among urban males, obesity exceeds undernutrition in all
regions except in the poor Northeast where there is a slight predomi-
nance of undemutrition. Obesity in females far exceeds undernutrition
in all five Brazilian regions.The ratio obesity:undernutrition among
urban women reaches 4 to 1 in the rich South and Southeast regions.

THE SITUATION OF THE RURAL
POPULATION IN DIFFERENT REGIONS

Table 5 shows comparable prevalences of undernutrition
and obesity in rural populations of different Brazilian regions.

Among rural children, undemutrition exceeds obesity
near 5 times in the Northeast region and near 2 times in the Center-
West and Southeast. Only in rural South child obesity exceeds child

TABLE 4
Prevalence (%) of undernutrition and obesity by urban regional.strata in children and
adults. Brazl, 1989.

URBAN CHILDREN WOMEN MEN
REGIONS Undernourished  Obese | Undernourished Obese | Undernourished QObese
NORTH 22.5 59 7.7 18.6 6.2 10.8
(17.3-277)  (3.4-8.3) (6.2-9.2) (16.9-20.3) { (5.1-7.3) (8.9-12.8)
NORTHEAST 18.6 43 9.0 16.7 8.8 72
_ (13.8-23.5) (2.16.9) (7.4-10:6) (14.7-18.7) | (6.9-10.6) (5.6-8.8)
SOUTHEAST 6.9 13.2 58 22.5 8.0 115
(3.1-10.6) (10.0-17.4) | (4.7-6.9) (20.1-249) | (6.5-9.5) (9.5-13.6)
SOUTH 5.1 14.5 45 242 4.1 154
(2.1-8.1) (10.3-18.7) ](3.4-5.6) 21:9-26:6) | (3.0-53) 13.6-17.3)
CENTER-WEST 7.7 6.3 74 17.6 5.9 11.0
’ (4.9-10.4) (3.5:9.2) 6.1-8.7) (15.6-19.5) (4.8-6.9) 9.1-12.9)
URBAN 104 10.2 6.5 21.1 7.4 11.2
BRAZIL 8.0-12.8)  (8.0-125) {(5.7-7.2) (19.7-22.4) | (6.4-8.3) (10.0-12.5)




undernutrition.

Among rural males, undernutrition exceeds obesity in near 7
times in Northeast and near 3 times in Center-West and Southeast. Only
in rural South male obesity is more frequent than male undemutrition.
However, obese females far exceed undermnourished females in all
regions but the Northeast.

20
DISCUSSION

The distribution of energy imbalances in children and adults
of different Brazilian regions indicates a mosaic of situations, which
suggest three stages of the process of nutrition transition.

The first stage occurs in the poorest country’s region, the rural
Northeast, where the process of nutrition transition has practically not

TABLE 5
Prevalence (%) of undernutrition and obesity by rural regional strata in children and adults.
Brazil, 1989.

RURAL CHILDREN WOMEN MEN
REGIONS Undemnourished Obese | Undernourished Obese | Undernourished  Obese
NORTHEAST 253 55 159 94 122 1.7
- (22.0-286) (3.6-7.4) (13.9-178) (76-11.2) | (9.9-145)  (1.0-2.5)
SOUTHEAST 13.8 50 8.6 20.0 13.0 47
(9.5-182) ©  (2.7-7.3) (68-104) (173-22.9) | (109-15.1)  (3.3-6.0)
SOUTH 56 11.0 6.7 23.9 66 8.2
(3.1-8.0) (80-141) | (5.1-84)  (213-264)| (50-83)  (6.6:9.7)
CENTER-WEST 13.2 6.8 10.0 173 10.8 46
86-178)  (4493) | (82-118) (148-19.7) | (83-133) (3.16.0)
RURAL BRAZIL | 189 6.4 11.6 159 111 42
(1672L1)  (5.1-7.7) | 104-12.7)  (14.6-17.3) | (9.9-12.3)  (3.54.8) :

yet begun. Undemnutrition is the major nutritional problem in children
and adults, and obesity is restricted, albeit rarely, to adult women.

The next stage can be recognized as the nutrition transition
itself . Problems of different nature - in this case, child undernutrition
and women’s obesity - lead the ranking of nutritional imbalances. This
stage is seen in most Brazilian regions including the urban population
living in the poor North and Northeast and the rural population of the
rich Southeast.

The last stage can be identified as that in which the process of
nutrition transition has already been completed, such as when obesity
appears as the only epidemiologically relevant problem, both in children
and adults. The South (both urban and rural) and the urban Southeast are
at this stage.

In Brazil, nutrition interventions, when employed, have been
directed exclusively towards controlling and preventing undemutrition
in children. Data shown in this study indicate that the control of obesity,
particularly among adult women, is fully justified all over the country.

For at least five decades developed countries have promoted
programs to control and prevent obesity and other related problems.
These actions include public education through health campaigns pro-
moting better food habits and physical activity, as well as manufacturing
and food processing related actions, involving the food industry (14). In
Brazil the same path might be followed as regards urban areas in the
South and Southeast. Of course, in poor regions, as the North and
Northeast, and in poor segments of the population in general, educa-
tional actions should be combined with other interventions aiming the
increased availability of and access to appropriate food.

In contrast to obesity, adult undernutrition is restricted to the

population living in rural areas, particularly that one living in the
Northeast. In this case, programs to ensure food security should be
employed as well as actions focused on land reform, job’s creation and
extension of education, health and sanitation services. Child undernutri-
tion remains an important public health problem in North and Northeast
and also in rural areas of the Southeast and Center- West regions. In this
case, apart from socioeconomic interventions, it is mandatory the uni-
versalization of effective preventive actions as breast-feeding promo-
tion, growth monitoring, appropriate management of diarrhea and respi-
ratory infections, and health and nutrition education in general.
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SUMMARY. Changes in food consumption in Brazil. Changes in eating habits have occurred in the last decades in several countries associated to demographic, economic,
social and epidemiologic factors. In Brazil, the available data about food consumption are the result of Family Budget Surveys undertaken by Getulio Vargas Foundation and
IBGE (Brazilian Institute of Geography and Statistics) in 1961/1963 and 1987/88, respectively, and the National Study of Family Expenditure (ENDEF), carried ouy by IBGE
during 1974/75. They reveal as principal tendencies the decreasing consumption of staple foodstuffs (beans, rice, manioc flour), pork meat, lard and butter, the replacement of
bovine meat for chicken, and the increase in the comsumption of eggs, milk products and vegetable oils. Based on these surveys, the intake of macronutrients in urban areas
showed a decrease of carbohydrate and an increase of fat contribution as sources of calories, an increase in the consumption of animal protein in detriment of vegetable protein,
and substitution of animal fats for vegetable fats. It was also observed an increase in the use of industrialized foodstuffs, directly related to income, leading to a greater diversity
of foodstuffs and lower consumption of staple foods. Recent studies with adult and elderly population from the city of Sdo Paulo show a reduction in the consumption of fatty
and fried foods and sugar, and an increase in the consumption of fruits and vegetables because of health concem. Studies that take into account the verified changes in eating
habits and the new consumption tendencies, as well as their impact on nutritional and health conditions of the Brazilian urban population, are presently needed.

INTRODUCTION

Changes in eating habits have been observed in recent
decades in several countries. These changes are associated, among other
factors, with the development of systems of production and distribution
of foodstuffs and with the phenomenon of urbanization, influencing the
life-style and health of the population.

The evolution of eating habits in western countries, such as
the United States and European countries, over this century shows ini-
tially an improvement in quantitative terms and then an intensification
of replacement of some products by others. In general, there has been a
decrease in the consumption of cereals and starchy foods and an increase
in the consumption of fruits and vegetables, products of animal origin,
sugar and fats.

From the seventies, new trends have been emerging, arising
mainly from the concerns with nutrition and health. Among these trends,
the reduction in the direct consumption of sugar stands out, as also does
a decrease in the consumption of products of animal origin, especially
meats, and fats, and an increase in consumption of carbohydrates, fruits
and vegetables (1,2). This phase has also been characterized by a grad-
ual replacement of manufactured foodstuffs by the traditional agricul-
tural foodstuffs and of some manufactured foodstuffs by others.

In Brazil, the change in eating patterns is seen by some
authors as being mainly a consequence of the policies which have
favored the option for the economic development model of the oligopo-
listic capitalist type, leading to the imitation of the patterns of production
and consumption characteristic of the western countries (3,4).

SURVEYS ON FOOD CONSUMPTION

There are few data on the eating habits of the Brazilian pop-
ulation which would allow an assessment of their evolution over time.
On a National level, the data available are those from the National Study
of Family Expenditure (ENDEF), an inquiry on food intake carried out

by the IBGE (the Brazilian Institute of Geography and Statistics) in
1974/75 (5), and from the Family Budget Surveys undertaken in
1961/63 by Getilio Vargas Foundation (6) and, in 1987/88, by IBGE
(7.,8).

These data surveys, despite their limitations arising from the
differences in the methodologies used for data collection, provide s
with information on some important changes over this period as, for
example, the reduction in the consumption of staple foodstuffs (rice,
beans, manioc flour), of pork and fats of animal origin (lard, butter) and
the increase in the consumption of chickens, eggs, milk products
(cheese, yogurt), margarine and vegetable oils (especially soya oil).

Based on the same surveys, the consumption of nutrients
from foodstuffs of the Brazilian urban population was analyzed (9).
There is a general tendency towards a lower contribution of carbohy-
drates in the total consumption of calories and their replacement by fats,
especially over the period from 1974/75 to 1987/88. The increasing
trend towards the consumption of animal protein and the increase in the
consumption of vegetable fats replacing fats of animal origin, resulting
in an increase in the consumption of polyunsaturated fatty acids and a
decrease in consumption of dietary cholesterol. It is interesting to note
that some of these trends are similar to those observed in the western
countries in past decades, such as the reduction in the consumption of
cereals and tubers and the increase in the consumption of fats and ani-
mal protein, while others, such as the replacement of animal fats by veg-
etable fats, have behaved differently.

Tasco in 1991 (10) analyzed the various family budget sur-
veys undertaken in the city of Sdo Paulo in 1971/72 and 1981/82 by
FIPE (Institute of Economic Research Foundation), in 1982/83 and
1987 by DIEESE (Inter-Union Department of Statistics and Socio-eco-
nomic Studies), including the ENDEF data of 1974/75. In the period
from 1971/72 to 1987 a reduction in the contribution of beans, rice and
bread as sources of calories was registered, parallel to an increase in that
of pasta and oils. The contribution of meats and beans to the protein
intake decreased in this period, while that of milk products and eggs
increased. Furthermore, in accordance with these data, the consumption
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of animal proteins increased in detriment of proteins of vegetable origin,

which may be related to the increase in the consumption of milk and
eges.

As for the consumption of vegetables, data of the DIEESE
surveys of 1982/83 and 1987, presented by Tasco (10), showed an
increase of 130% in the per capita consumption of green vegetables and
65% in that of other vegetables. There was also an increase of 31% in
the consumption of fruits. Another study on the consumption of fruits in
the metropolitan region of Sdo Paulo (11) concluded that there was a
reduction in consumption of oranges and bananas from 1961/63 to
1974/75 and an increase in the consumption of other kinds of fiuits
(pawpaw, mangoes, pineapples and apples) in the period from 1974/75
to 1987/88.

With regard to the differences between the various income
groups in the population, the data of the Family Budget Survey of the
IBGE (7) for the metropolitan region of S#o Paulo showed that the five
main items of expenditure regarding food consumption at home, for the
families with a monthly income of less than 2 minimum salaries, refer-
ence value of October 1987, were: a- milk and dairy products, b- meats,
entrails and fish, c- cereals and leguminous and oleaginous produce, d-
chicken and eggs and e- bakery products (breads, biscuits). For the fam-
ilies with a monthly income above 30 minimun salaries, the five main
items of expenses were: a- meats, entrails and fish, b- milk and dairy
products, c-other products (frozen foods, potato chips, pre-prepared
meals, savories, etc.), d- fruits and e-drinks (coffee, soft drinks).
Noteworthy are expenses on food consumed outside the home for the
higher income group: 33% of total expenditure on foodstuffs, as against
4.8% for the lowest income families.

On the basis of these data, one may observe the existence of
some common and some divergent characteristics between different
population groups based on their income. For example, on one hand, the
share of products of animal origin (meats, dairy products) in the main
items of expenditure on foodstuffs is similar, regardless of income; and
on the other hand, the importance of fruits and of diversified food choic-
es among the higher income groups, and that of the staple products (cere-
als, legumes and oleaginous products) among people of lower income.

As for the development of industrialized foodstuffs in Brazil,
data from ABIA (the Brazilian Association of Producers of Industrialized
Foodstuffs) (12) show, for 1985 to 1993, an increase in the production of
chocolates (155.0%), condensed milk (147.8%), chocolate in bars
(120.4%), chickens (109.5%), long-life milk (88.8%), yogurts (85.5%),
milk powder (74.1%) and cream cheese (73.5%), some of them consid-

ered to be superfluous foodstuffs. There was also a reduction in the pro-

duction of tomato concentrates (-29.2%), refined sugar (-19.9%), banana
and guava pastes (-12.0%) and butter (-11.2%).

In a survey undertaken by Nielsen and published in the news-
paper “O Estado de Sdo Paulo” on January 8, 1996, in 1995 as compared
to the previous year, there was an increase in the volume of sales for pre-
prepared frozen foods (92.8%), for yogurts (89.4%), for industrialized
meats (42.1%), for canned vegetables (40.1%), for fruit juices (33.5%)
and for biscuits (29.6%).

The industrialized foodstuffs of greatest consumption in
Brazil are still the traditional, relatively unmodified ones (vegetable oils,
sugar, pasteurized milk). For products with a higher degree of transfor-
mation (dairy and meat products, canned vegetables), consumption is
directly related to income but may, occasionally, be a part of the diet of
the less favored groups in the population.

A pilot project was undertaken in Sdo Paulo in 1993 by
Oliveira (13) in which thirty-two women were interviewed, comprising

- three groups of distinct socio-economic characteristics (low, medium
and high income). The results of the frequency of consumption ques-
tionnaire showed that the same staple foodstuffs appear in all three

groups, namely, rice, beans, coffee, sugar, milk, eggs, bread, beef, chick-
en, macaroni, tomato and potato. However, the number of foodstuffs
most frequently consumed (at least once a week) increases in accordance
with the rise in income as also the consumption of industrialized food-
stuffs of a greater degree of transformation (dairy products, biscuits,
canned vegetables). Thus it is concluded that there are similarities
between the different socio-economic groups as regards to staple food-
stuffs, though this was not assessed in quantitative terms in this study. At
the same time, a greater diversity of foodstuffs and greater consumption
of fruits and salad vegetables was observed according to the rise in
income level. There also appears, in the three groups, a concern regard-
ing eating habits and health, a trend which has been observed since the
seventies in the western countries.

Recent studies by Monteiro et al. (14,15) have observed the
phenomenon of “nutrition transition” in Brazil and have shown the asso-
ciation between the pattern of food consumption and the increase of obe-
sity in this country.

A study was carried out in So Paulo in 1996, involving 122
women and 8 men, aged between 39 and 80, students of the Open
University for the Third Age, with the purpose of assessing the changes
in eating habits associated with the prevention and/or control of the
chronic-degenerative diseases. The preliminary results, obtained on the
basis of the analysis of the questionnaires applied, show that, in the last
ten years, there has been an increase in the consumption of fruits and
salad vegetables, chicken and fish and a reduction in the consumption of
fatty and fried foods and sugar. Among the causes of these changes, the
most noteworthy are the easier access to information, the prevention of
disease, age, health problems and the need to lose weight. The eating fre-
quency data points to a trend towards a reduction in the consumption of
fats and sugar, because of the use of products such as skimmed milk,
“light” margarine, “light” cheese and dietetic sweeteners, with a possi-
ble increase also in the intake of fibers, vitamins and minerals due to the
more frequent consumption of fruits and salad vegetables.

CONCLUSIONS

The changes observed on the basis of the surveys and studies
quoted, reflect, on one hand, the variations in relative prices of the food-
stuffs leading to the replacement of some by others, as with meat, beans
and even some industrialized foodstuffs and, on the other hand, the con-
cerns relating to nutrition and health arising from the phenomenon of the
epidemiological transition which has been taking place in Brazil.

Other characteristics observed in the behavior of the Brazilian
consumer, especially in the large urban centers, are the increase in food
eaten away from home and the preference for the supermarket as the
place for the purchase of foodstuffs, a fact which favors the diversifica-
tion of foodstuffs consumed and the consumption of industrialized prod-
ucts. These trends must be related to changes in the life-style of the pop-
ulation, in the quest for amenities and saving of time spent in shopping
and in preparation and/or consumption of the foodstuffs and also related
to the role of supply in the distribution of certain products in detriment
of staple foodstuffs (13).

The differences that exist between the various classes of the
population as regards to access to foodstuffs, both in quantitative and
qualitative terms, are worth emphasizing as also is the appearance of
new nutritional imbalances besides the continued prevalence of the tra-
ditional forms of subnutrition.

The changes in the consumption of foodstuffs by the Brazilian
population lead us further to reflect on the speed at which these changes
are taking place within the different population groups and the conse-
quences of the imitation of international patterns of consumption on the
local level. To what extent do the new trends observed correspond in fact



to the practice of a healthier and more balanced diet?

The data presented in this paper demonstrate, moreover, the
importance of periodical surveys which will enable researchers to gain
knowledge on the consumption trends of the population in general
and/or of particular groups (income, age, etc.), and to analyze this infor-
mation in terms of macro and micro-nutrients for the definition of poli-
cies which seek to meet the specific nutritional needs of Brazilians.
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SUMMARY. Non-communicable diseases in Brazil: mortality patterns, morbidity studies and risk factors. The aim of this presentation is to give an overview on non-
communicable diseases in Brazil and to speculate about singular data that have been described in our country. The high rates of esophageal cancer, the elevated high blood pres-
sure prevalence and some determinants of the decline of cardiovascular mortality are discussed more deeply.

INTRODUCTION

Since the decade of 1940, Brazil has changed from an agri-
cultural-dependent economy to an urban and industrialized country,
with an increasing recent substitution of factories by commercial and
service activities occurring mainly in the Southeast. A rise in the mag-
nitude of non-communicable diseases and a sharply decrease in water-
borne diseases and in infectious and parasitic diseases, made the for-
mer the more important disease group in Brazil, particularly after the
decade of 1960 (1). .

Cardiovascular diseases (CVD), cancer, respiratory diseases
and cirrhosts are a set of diseases with common risk factors. In Brazil,
these diseases are responsible for more than two-thirds of the deaths. In
general, the non-communicable diseases have had a rising significance
during the last four decades. Since the end of the seventies, mortality
from stroke, coronary disease and gastric cancer has declined in some

cities and states. However, total mortality, stroke and coronary heart dis- -

ease among women are responsible at present for extremely high mor-

tality rates in comparison with other countries, mainly when deaths
below age 65 are analyzed (2,3).

MORTALITY PATTERNS

The proportional mortality in the adulthood by non-commu-
nicable diseases shows that cardiovascular diseases including stroke,
coronary heart disease (CHD) and chronic heart failure, are the more fre-
quent causes of death for both sexes (Table }). Cirthosis among men and
diabetes and hypertension among women are important causes with
more deaths than specific cancers.

In the United States and Europe, CHD is the leading cardio-
vascular disease, but in Brazil and in Japan, the most prevalent one is
stroke, although CHD rates in Brazil are also very high. So Paulo is the
only Brazilian state where CHD is more frequent than stroke as the
cause of death. In Rio Grande do Sul, Rio de Janeiro and Mato Grosso
do Sul there is an equilibrium between these two causes of death (4).
Among the nine biggest metropolitan areas of the country, CHD mor-

TABLE 1 -
The five top death causes classified by ICD-9 Chapters for Brazit (1990-92) for all ages
] (mortality proportion in percentage)

MALE
CARDIOVASCULAR 254
EXTERNAL 17,2
CANCER 9,7
RESPIRATORY 8,2
INFECCIOUS 49
FEMALE
CARDIOVASCULAR 318
CANCER 11,9
RESPIRATORY 8,6
EXTERNAL 52
METABOLIC & IMMUNE DISEASES 52




tality surpasses stroke mortality only in the cities of Rio de Janeiro, Sao
Paulo, Curitiba and Porto Alegre (5). Morbidity studies in cardio-
vascular diseases such as the incidence of coronary and stroke are rare
(6,7) and the prevalence studies for risk factors are punctual (8). In the
city of Sdo Paulo, the prevalence of angina pectoris using the Rose ques-
tionnaire was 6,6% (9). The incidence of stroke in Salvador (Bahia)
when compared with other places in the Western hemisphere was the
highest among women and classified in second place among men (6).

Opposite to what occurs in the United States or Europe, gas-
tric cancer has still high rates in Brazil, but it is surpassed by lung can-
cer in men and by breast cancer in women. Among women, liver and bil-
iary tract and uterine cervix cancers are also important causes of death
(4).There are no studies exploring specific determinants of hepatic-bil-
iary tract cancer among Brazilian women. Uterine cervix cancer has high
rates due to its high prevalence in north-northeast regions where the cov-
erage of preventive measures for all diseases, including immune-pre-
ventable is low .

For the “top 5 cancers”, gastric cancer and cervix cancer have
had downward trends since the seventies. Others (prostate and lung)
have increased or have had no temporal changes. The most important
studies about cancer etiology were performed using migrants in com-
parative studies. Brazil has received since the third quarter of the 19th
century a large amount of migrants from Europe (Portuguese, Hispanic
and Italian) from Middle East (Lebanese) and Asia (Japanese, Chinese
and Korean). One study has compared cancer mortality and morbidity
among Japanese in Brazil (10); another among Europeans (11).

Cancer incidence rates among first-generation Japanese
immigrants in the city of Sdo Paulo were compared with those among
Japanese in Japan; cancer of the stomach and rectum revealed signifi-
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cantly lower rates, while non-melanoma skin cancer, and prostate and
breast cancer showed higher rates. No significant increase of colorectal
cancer was recoghized among fapanese migrants in S3o Paulo, contrary
to the remarkably high rates of colorectal cancer observed among
Japanese migrants in the US (10). :

Italian and Spanish migrants in Brazil show changes in can-
cer risks, with an increase in rates of oropharyngeal, esophageal, cervi-
cal and breast cancers and a decrease in rates of lung cancers. However,
for cancer of the esophagus, the changes are greater in Sao Paulo, where
migrants acquire rates similar to those of Brazilians. For colon cancer,
rates in Italian migrants decrease in Sao Paulo. Changes in Portuguese
migrants are less evident: their rates of colorectal cancer remain high,
and they also retain their higher risks of gastric cancer (11).

RISK FACTORS

All published studies about primordial risk factors and non-
communicable diseases in Brazil have cross-sectional designs. There are
no cohort-studies published and no ongoing observational studies about
the relationship between risk factors and major outcomes as cardiovas-
cular diseases and cancer. A summary of risk factors, except high blood
pressure, is given in Table 2. .

A seminal study was performed in Porto Alegre to assess th
degree to which the prevalence of five risk factors for non-communica-
ble diseases (hypertension, smoking, obesity, sedentary lifestyle, and
excessive alcohol consumption) varied individually and in combination
for urban Brazilians with differing socioeconomic status in terms of edu-
cational achievement, income, and social class. It was found that less
privileged socioeconomic situations tended to be associated with higher

TABLE 2
Frequencies of obesity, smoking, alcoholism and hypercholesterolemia obtained from
different and non-comparable cross-sectional studies.

PLACE SEX OBESITY SMOKING  ALCOHOL HIGH
ADDICTION  CHOLESTEROL

P.ALEGRE M 15 52 13

F 24 33 3
P.ALEGRE M/E 34
S.PAULO M/F 18 38 ' 3
R JANEIRO M/F 46 30
FORTALEZA M/F 40 6
R.JANEIRO M/F 55 26

Source: Lessa, 1993 (34)

risk factor prevalence. However, this was not the case for obesity and
sedentary lifestyle among men, and may not have been the case con-
ceming hypertension among women. When the effects of education,
income, and social class were considered simultaneously, higher risk
factor prevalence was most strongly associated with low educational

attainment. Important exceptions to this rule were found for smoking
among women and excessive alcohol consumption among men, where
higher risk factor prevalence was mostly associated with social class.
Once the effects of education and social class were accounted for, low
income generally tended to be associated with lower prevalence of the
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risk factors studied (12). The age- and sex-adjusted prevalence of smok-
ing was 40%, hypertension 14%, obesity 18%, overall sedentary life-
style 47%, and excessive alcohol consumption 7%. Thirty-nine percent
of the sample presented two or more of these five risk factors, and only
22% of men and 21% of women had none of them. The high frequen-
cies and simultaneous presence of these risk factors indicate their impor-
tance for programs aimed at the prevention of non-communicable dis-
eases and the promotion of adult health (13). In the city of Sdo Paulo,
one cross-sectional study showed the prevalence of hypertension
(22.3%), smoking habit (37.9%), obesity (18.0%), alcoholism (7.7%)
and physical inactivity (69.3%) (14).

An important modification in dietary patterns was detected in
the southeast of the country between 1960 and 1988: an important
decrease both for the relation of ingestion of polyunsaturated-saturated
fat (P/S ratio) (-60,7%), as well as for the ingestion of cholesterol (-
19,8%) (30). Today, Brazil has a favorable P/S ratio when compared
with countries in the northern hemisphere, but the high intake of polyun-
saturated fat could be one of the many reasons for the increase of obesi-
ty in all regions of the country. Considering that coronary heart disease
presents an “incubation period” of about 10 years (31), we could credit
the alteration of the dietary pattern of the Brazilian population since the
seventies as responsible for the decrease in mortality rates of this disease
at the end of the decade in the state of Sdo Paulo. According to Rose (32)
“the mass diseases can only be controlled by mass actions”, which are
usually the result of governmental actions for promotion of health and
medical activities, determined by economic, social and cultural factors.
For instance, the decrease of consumption of saturated fats would be an
economic phenomenon resulting from the replacement of pork fat
(reduction of 79.7%) by vegetable oils (rise of 91%), mainly soy bean
oil.

There is a cluster of high-incidence areas of esophageal can-
cer in South America, including Southern Brazil, Uruguay and parts of
Argentina. Drinking hot mate (a traditional beverage drunk at a very
high temperature) and eating barbecue, are daily living habits in those
places. One case-control study failed to show the use of hot mate as a
risk factor when it was adjusted for smoking habit, alcoholism, and
dietary habits. Although the study failed to provide evidence of a strong
association between drinking mate and esophageal cancer, the cluster of
high rates could be explained by relative risks of the magnitude
observed. This is because approximately 70% of adult males and 50%
of females are daily drinkers. In addition, this study revealed that alco-
hol, tobacco smoking and rural residence are the main risk factors for
esophageal cancer in this population and the fruit consumption gives
some degree of protection (15). However, a cross-sectional design had
detected that esofagitis (as cancer precursor) is more prevalent in hot-
mate drinkers than in controls (16). In Sdo Paulo, where the hot mate is
not a habit and the rates are high, but lower than in Southern states, one
case-control study revealed that alcoholism, smoking habit and the fre-
quent eating of hot pepper, are important risk factors for the disease, The
estimate of odd ratios for smoking ordinary cigarettes was 3.4 and for
smoking corn-straw hand-rolled cigarettes was of 4.2 (17).

In Southern Brazil, in spite of heavy consumption of meat and
milk, there is a high mortality from esophagus cancer associated with a
very low mortality from colon cancer, posing a most interesting epi-
demiological problem.

In general, there are conflicting data of risk factors of
esophageal/colon cancer in Brazil. However, for breast cancer, it seems
that risks (monthly family income; being a housewife; parity of less than
six deliveries and nulliparous women; history of breast cancer among
first degree female relatives and use of oral contraceptives) or protective
factors ‘(irregular menstrual cycle) are similar to those previously
demonstrated elsewhere in the world (18).

HYPERTENSION AS A MAJOR RISK FACTOR

The assumption that cardiovascular diseases are the products
of affluence, based on the British and North American examples, is con-
tradicted by two other experiences: in Japan, the country with the great-
est post-war economic development, cardiovascular death rates dimin-
ished vertiginously, whereas in countries of eastern Europe, which suf-
fered great deprivations during the seventies and eighties, death rates
increased (33). An observation supporting the view that the “American-
Northern European” pattern cannot be generalized emerges from the
comparison between the Brazilian experience in Sdo Paulo and in Great
Britain. The period of rise of CHD mortality in Great Britain is con-
comitant with the decrease of infant mortality rate, whereas in Sdo Paulo
the mortality from cardiovascular disease and the infant mortality rate
showed similar behaviors during the seventies and eighties.

In Séo Panlo, a peculiar pattern of cardiovascular death rate is
observed, with the decrease in CHD mortality being similar to that of
cerebrovascular diseases. The decrease of stroke mortality is also
described both in the western (with higher rates for CHD than stroke)
and Japanese (rates for stroke superior to CHD) countries. The expla-
nation for this particular behavior could be related to the distribution of
arterial hypertension: the decline of mortality from cerebrovascular dis-
eases was related to the rise on detection, treatment and control of high
blood pressure. Arterial hypertension is highly prevalent in the Brazilian
population (34) and is unequally distributed in the population, being

. more frequent among the poorer (2,21,23). Therefore, the risk of devel-

oping cerebrovascular disease would be greater in the low income
group.Comparison of the curve of systolic pressure according to age, as
standardized by Epstein-Eckoff, obtained in a prevalence study in
Araraquara, which showed a very high blood pressure-age relationship,
with the INTERSALT study, revealed that it was only surpassed by a
community in Portugal (32). On the other side, other two risk factors
for CHD, cholesterol levels and smoking, which also show a differen-
tiated social distribution, have lower contributions than arterial hyper-
tension. The few studies that correlate cholesterol levels with social stra-
ta showed no differences among poor, middle or rich people (23).
Smoking is nowadays a habit with a higher prevalence in the poorer (2).
Thus, in theory, the social differences for the risk of developing coronary
disease are less apparent than for stroke.

Using the Omran theory for the epidemiological transition
under the Latin-American viewpoint, it could be said that, among the
cardiovascular diseases, there is a “polarized and prolonged transition”
(36) between coronary and cerebrovascular diseases that could explain
the slow decline of cerebrovascular when compared to coronary disease.
The main determinant for this peculiar characteristic would be the dif-
ference among the several social strata of the population with a differ-
entiated pattern of risk factors, mainly arterial hypertension.

SOCIAL DETERMINANTS OF HYPERTENSION

Many population-based studies of hypertension in Brazil
were performed using cross-sectional designs. The majority of these
studies were conducted in the south-southeast regions or among natives
fiving in the rain forest. The most recent population study was carried
out in Rio de Janeiro, where the prevalence of hypertension increased
2.4 fold from the lowest (25kg/m™) to the highest (*30kg/m?) range of
body mass index.. This increase persisted after adjusting for sex, age,
skin color, smoking, physical activity and level of education. Interaction
of obesity with sex, age and skin color was found. The association
between hypertension and obesity was stronger for men (19).

The first population-based study cross-sectionally designed
was performed in Rio Grande do Sul (20). In this study, a geographical



analysis was done in four regions with specific characteristics pattems:
the highest rate was detected in the surrounding cities of the state capital
Porto Alegre (13.8%), Porto Alegre had the second rate (12.3%), people
living in inner towns had 11.4% of hypertensives and the lowest rate was
detected among rural people (9.2%). The migrants from the rural areas
to the city acquired the urban level of blood pressure (21). This study
was analyzed also by social stratification revealing higher hypertension
rates among factory workers and clerks than among other professionals
(22). A relationship between hypertension and social stratification was
detected also in the Northeast (Fortaleza,CE) (23), where a specific
neighborhood was studied, divided based in housing quality. The high-
est rate was detected among people living in stlums (18%), the median
rate was among poor people living in projects (14.9%) and the lowest
was detected among people living in houses (9%). In another study car-
ried out in Araraquara (SP) (24), there was a greater percentage of hyper-
tensives in the mulatto and black groups, in the obese, and among those
of lower family income, with a lower level of school education and with
less well paid jobs. Another view about social differences in hyperten-
sion prevalence was shown in S3o Paulo, where steel workers, media
professionals and bus drivers had higher blood pressure levels than
teachers, physicians and lawyers (25).

The most impressive study was one of anthropological-epi-
demiological design, done in the most affluent region of the country,
Ribeirdo Preto (SP). Its aim was to study ethnicity and psychological
resources and hypertension. The results were very important because
social support (mainly kin support and coping style) were positive and
strongly related to people with low blood pressure. These factors deny
the importance of black skin color or African ancestry as determinants of
hypertension (26). Although hypertension was detected more in black
and mulatto population in all studies, social support and coping style
could be confounding factors, since all black people in Brazil are descen-
dants from African slaves and have a lower economic and social level
than white people, although there is a lesser prejudice load than in the
United States. An observational study confirms the hypothesis
that hypertension is more related to psychological resources than ethnic-
ity. An isolated community of black people whose ancestors escaped
from the farms where they were slaves and settled in a town surrounded
by mountains near the rain forest, was studied. The prevalence of hyper-
tension was lower than in the cities (6,2%), body mass index had also
lower levels, sodium intake was low, physical activity was high, but
alcohol intake was higher than in the cities (27).

Many studies were performed among natives living in the rain
forest. The more important was the INTERSALT-Brazilian branch, that
detected no high blood pressure among Yanomamo, with no salt and
alcohol intake and body mass index not higher than 25 kg/m2 (28).
Another study among Xavantes evaluated the influence of new habits
(changing from hunting to a rural style with rice and bean cultures) on
blood pressure and during fifteen years (1975-90) no changes were
detected. Obesity, tobacco, alcoholic beverage consumption and social
organization also did not change and sodium intake did not increase dur-
ing that period (29).

RESEARCH AGENDA

Many studies with several designs need to be planned for
future widening of the comprehension about Brazilian mortality and
morbidity patterns as well as to contribute to the universal knowledge.
The non-communicable disease epidemiology has been based solely in
the “American- Western European” experiences, with some compara-
tive studies in Japan and China. Thus, collaborative research with other
South-American countries, mainly observational studies, could be a use-
ful proposal for American and European epidemiologists.

28
The data from Brazil suggest that future studies should be pursued on
why stroke mortality is higher than CHD and to evaluate if alcoholism
has an important gender gap prevalence, explaining the high mortality
by cirrhosis and upper-respiratory and digestive cancers among men.
Moreover, it would be necessary to improve the comprehension about
the influence of social inequalities in our epidemiological pattern. Social,
economical and educational differences among Brazilians are wider and
deeper than abroad, mainly when compared with countries with the
same gross national product per capita.

PUBLIC HEALTH AGENDA

In conclusion, the orientations that could be derived from the
analysis of cardiovascular mortality in Brazil are useful for future mea-
sures since with few policies from the Ministry of Health it seems pos-
sible to reduce mortality.

The public health service is responsible for the coordination
of efforts of the society, aiming at a greater reduction of mortality and
morbidity from non-communicable diseases, with a priority for stroke,
using what has been learned from almost 40 years of systematization of
cardiovascular disease epidemiology. A mass program for detection,
treatment and control of high blood pressure by means of dietary, sani-
tary and pharmacological measures, will be useful for the reduction of
mean values of high blood pressure in the whole population.

The efforts for control and eradication of alcoholism and
smoking could be a useful tool for decrease cancer and cirrhosis.

Promotion of proper dietary habits with a specific target on obe-
sity prevention, and premature diabetes diagnosis would be the more
important programs for the first quarter of the 21th century in our country.
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SUMMARY. Micronutrient regulation in pregnant and lactating women from Rio de Janeiro. Studies with low-income pregnant and lactating women from the city of
Rio de Janeiro, concerned mainly with the changes in micronutrient homeostasis during pregnancy and lactation in the absence of overt clinical deficiencies, are reported. These
studies focused on folate, cobalamin, iron, zinc and vitamin A. Factors that may affect the maternal micronutrient state, such as dietary intakes, use of supplements and inter-
relationships of micronutrients have been considered, as well as the implications of these changes for maternal-fetal transfer and milk composition. Although these studies were
not designed to evaluate the prevalence of sub-clinical micronutrient deficiencies in pregnant and Jactating women, they indicate that high frequencies of sub-clinical deficien-
cies of folate, iron, zinc and vitamin A, especially in pregnant women, are expected to be found in Rio de Janeiro.

INTRODUCTION

Pregnancy and lactation impose a high demand of nutrients
for growth of maternal, placental and fetal tissues, and for milk produc-
tion. This demand should be met by maternal body stores and increased
intake of essential nutrients. Physiological and hormonal changes in
these periods affect nutrient metabolism and regulation of homeostasis
in order to attain an efficient nutrient utilization by the maternal organ-
ism and transfer to fetus and to milk.Iron and folate are good examples
of nutrients which highly increased requirements during pregnancy are
difficult to achieve through the habitual diet, especially for low income
women in developing countries who may be at risk for the development
of both nutrient deficiencies. As a consequence, iron and folate defi-
ciencies are the most prevalent nutritional disorders during pregnancy
(0. :
[t is estimated that 90% of all anemias in the world are due to
iron deficiency. Worldwide, 60% of pregnant women are anemic and in
developed countries the prevalence of anemia oscillates between 9 and
14% (2). In Brazil, data on prevalence of nutritional anemias in pregnant
women are limited to some regions and the few studies available are
concerned with iron-deficiency anemia, showing high intra and inter-
regional differences (3). Prevalences of iron-deficiency anemia in preg-
nant women vary from 14% in S&o Paulo to 35% in Pernambuco (4).
Data on sub-clinical iron deficiency during pregnancy and lactation are
scarcely available, but [imited studies in Rio de Janeiro (5,6) have shown
that 40% of pregnant and 21% of lactating women have depleted iron
reserves.

Nutritional folate deficiency has a worldwide distribution, dif-
fering greatly in severity, with the sub-clinical, non-anemic forms being
predominant in pregnant women. Megaloblastic anemia due to dietary
folate deficiency affects up to 25% of non-supplemented pregnancies in
certain parts of Asia, Africa and Latin America, and 2.5-5.0 % in devel-
oped countries. It is estimated that sub-clinical folate deficiency has even
higher prevalences, affecting up to one-third of the pregnant women on
a global scale (1). In Brazil, folate has received much less attention than
iron and only very few studies have been carried out concerning folate

status, in general, and in pregnancy and lactation in particular. In this’

country, megaloblastic anemia is not considered common during preg-
nancy, but limited studies in the urban regions of Rio de Janeiro (6) and
Manaus (7) have shown that 20% and 22% of non-supplemented preg-
nant women, respectively, have sub-clinical folate deficiency.

The undesirable effects of overt, clinical maternal deficiency
of these micronutrients on pregnancy development and outcome, and on
infant status and milk composition are generally well-known. However,
as mentioned previously, sub-clinical deficiencies are more prevalent,
this being probably especially true in urban regions and metropolises.
Moreover, their effects are poorly evaluated and understood.

The objective of this paper, in the context of the present work-
shop, is to review the main results obtained in studies carried out by our
research group with low-income pregnant and lactating women, from
the city of Rio de Janeiro. These studies have been concerned mainly
with the changes in micronutrient homeostasis during pregnancy and
lactation, in women without clinical micronutrient deficiencies. The
implications of these changes for fetal nutritional status, maternal-fetal
transfer and milk composition have been considered, as well as factors
that may affect these changes, such as maternal sub-optimal states,
dietary intakes and use of supplements. We have focused our interest in
the following micronutrients: folate, cobalamin, iron, zinc, and more
recently vitamin A.

CHANGES IN MICRONUTRIENT STATUS OF
LOW-INCOME WOMEN DURING PREGNANCY
AND LACTATION

Pregnancy is usually associated with iron and folate deple-
tion, especially in women of low socio-economic level, multiparas, and
with low dietary intakes (1), but information regarding Brazilian women
is scarce. Because of the risks of the negative effects on the mother, con-
ceptus and infants caused by iron and folate deficiencies, routine sup-
plementation with both nutrients throughout pregnancy has been rec-
ommended (1,2). In the case of folate, supplementation of all women in
the periconceptional period is recommended in some developed coun-
tries to decrease the risk of first occurrence and recurrence of neural tube
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defects of the fetus (8). Despite the known beneficial effects of iron and
folate supplementation of deficient women during pregnancy, its indis-
criminate use as a routine procedure for all pregnant women is contro-
versial regarding its potential benefits and possible risks, such as those
resulting from excessive nutrient intake and/or adverse nutrient-nutrient
interactions (9).

Changes in folate and iron status during pregnancy and lacta-
tion (2-3 months post partum) were evaluated in a study with a cohort of
non-anemic pregnant women attending a public prenatal clinic in Rio de
Janeiro (6). We also assessed whether the indiscriminate supplementa-
tion with iron (80-160 mg/d) and with combined folate (2-4 mg/d) and
iron supplementation (80-160 mg/d), as routinely prescribed during
pregnancy, brings a substantial benefit in terms of pregnancy outcome
and of nutrient status to women who begin pregnancy with adequate iron
and folate reserves, and do not become anemic during pregnancy.
Maternal weight gain, absence of serious complications in pregnancy,
delivery and post partum, and the infants’ birth weight and length
showed that pregnancy proceeded normally and adequately, indepen-
dently of the use of supplements. Hemoglobin and hematocrit remained
adequate throughout these periods and did not further improve with the
use of supplements.

Mean dietary intakes of iron and folate during pregnancy
were, respectively, 50% and 83% of the recommended intakes for preg-
nant women (10). Despite this, mean plasma and erythrocyte folate lev-
els were adequate and did not change during pregnancy and lactation in
unsupplemented women (6). It would be interesting to ascertain whether
their folate catabolism and urinary excretion are lower than the reported
high values for well-nourished pregnant women (11). Folate indices
were further improved in both periods with the use of folate supple-
ments, but were not affected by exclusive iron supplementation. Plasma
cobalamin levels were adequate throughout these periods and correlated
with plasma folate (6).

Iron stores of most of the women were adequate at the begin-
ning of pregnancy and were able to prevent iron-deficiency anemia dur-
ing gestation. Although mean plasma ferritin levels were adequate
throughout the study, they decreased during pregnancy, regardless the
use of iron supplements (6), as has also been shown by studies with
Scandinavian women (12), with the frequency of depleted iron reserves
(plasma ferritin < 12 mg/l) increasing to 40% in the third trimester.
However, iron supplementation was effective in maintaining adequate
circulating plasma iron during pregnancy and was beneficial for the
recovery of iron stores in the lactation period (6).

Since plasma iron represents the iron in transit from liver
stores and intestine to the highly demanding hematopoietic, placental
and fetal tissues during pregnancy, the extra iron provided by the sup-
plements during pregnancy seems to be preferentially directed to these
sites rather than to the stores. The fact that oral iron supplementation of
non-anemic women during pregnancy was not effective in avoiding a
decrease in plasma ferritin (6), whereas supplementation during 3
months of lactation, a period of lower iron demands, was effective in
increasing iron stores (13), suggests that iron mobilization from stores
during pregnancy may be regulated by a specific mechanism that favors
intense mobilization independently of intestinal iron absorption.

INTER-RELATIONSHIP OF MICRONUTRIENTS DURING
PREGNANCY AND LACTATION

Evidences provided by several studies in humans and animals
suggest that iron deficiency can affect folate utilization and that a com-
plex relationship between both nutrients occurs during reproduction
(14).

A relation between iron stores and folate status in non-anemic

women from Rio de Janeiro was found in several studies (6,15,16).
There was a correlation between plasma ferritin and erythrocyte folate
in the second and third trimesters of pregnancy, but not in the first
trimester or during lactation. The women with iron depleted reserves
(serum ferritin < 12pg/1) in the third trimester, either supplemented or
not with folate, presented lower erythrocyte folate levels than the non-
depleted women in this period, in spite of a similar dietary folate intake.
Also, erythrocyte folate levels in the women with depleted iron reserves
tended to be less responsive to folate supplementation and, in the case of
no folate supplementation, showed a decrease in comparison with the
beginning of pregnancy (6).

In other groups of volunteers without depleted iron reserves,
the women with ferritin levels in the lower quartile at parturition (15)
and 1-2 days post partum (16) had erythrocyte folate levels lower than
those with ferritin in the higher quartile, possibly reflecting the situation
during pregnancy. Again, this was not evident at 3 months post partum
(16).

These results suggest that a relation between erythrocyte
folate and iron stores occurs in periods of high simultaneous demand for
both nutrients and increased erythropoiesis, such as pregnancy.

MATERNAL-FETAL TRANSFER OF MICRONUTRIENTS

Maternal-fetal transfer of folate, cobalamin, iron and zinc is
very efficient and competes favorably with maternal tissues, assuring an
adequate fetal status even in maternal deficiency. Umbilical cord and
newbom serum levels of these nutrients are usually higher than in mater-
nal serum. The high rates of placental transfer from mother to fetus and
preferential uptake of the first three nutrients by the placenta are mainly
explained by the higher expression of folate, transcobalamin and trans-
ferrin receptors in the microvilli (maternal surface) of the placental
syncitiothrophoblast (17-19). For zinc, the mechanism for placental
transfer is not well known, and involves more than one carrier system in
the microvilli and intracellular zinc ligands, such as metallothionein
(20).

In the case of vitamin A, the placenta ensures an adequate
supply to the fetus despite a wide variation in the maternal vitamin A cir-
culating levels, except when there is a maternal clinical deficiency of vit-
amin A, and probably also when an excess intake occurs (21). However,
the umbilical cord serum concentrations of retinol and carotenoids are
usually lower than in the matemnal serum (22,23). The mechanism and
regulation of transplacental flux of vitamin A are still poorly understood.

" Retinol uptake in placental microvillous membrane is possibly regulat-

ed by a specific receptor for the serum retinol-binding protein, which
would control the accumulation of retinol in the placenta and its transfer
to the fetus (24).

A main concern regarding the maternal-fetal transfer of
micronutrients to the fetus is the extent to which the process is regulat-
ed by the nutritional status of the mother. The relation of iron, folate and
cobalamin states of the newborn with maternal circulating levels and
reserves, which varied within an adequate range, was investigated in a
study with 24 pregnant women at parturition (15). Cord levels of serum
and erythrocyte folate, serum cobalamin, iron, transferrin saturation and
ferritin, as well as hemoglobin and hematocrit, were higher than in
maternal blood, as expected. Cord serum folate and cobalamin were cor-
related with maternal levels, whereas iron status of the newborn did not
depend on the maternal circulating iron or iron reserves. Folate and
cobalamin states of the newbom were not related to maternal iron status.
In a study with pregnant women at parturition (25), grouped according
to their serum zinc levels-(low < 7.6 ; intermediate 7.6-10.7, high zinc
> 10.7 pmol/l), cord serum zinc levels were higher than the maternal
ones, adequate in all groups, and slightly higher in the high zinc group.



There was a correlation between maternal and cord serum zinc.
Erythrocyte zinc and metallothionein in blood cord were similar for all
groups, and the low zinc levels in maternal serum did not affect zinc and
metallothionein levels in placenta.

In vitro models using microvillous membrane vesicles from
human placental syncitiothrophoblast have been used in our laboratory
to further explore the transport of folate, cobalamin and zinc at the mem-
brane level in various conditions (26-30). These experiments showed
that neither folate or iron deficiency affected biochemical parameters of
folate transport (27). Folate receptor affinities for folic acid (Kd= 0.5-1.8
nmol/l} in placentas from deficient mothers were similar to that of the
controls and would be appropriate for an efficient folate uptake, even in
the presence of a maternal folate deficiency, when concentration of
serum folate is lower than 6.8 nmol/l. In the case of placentas from
women with low serum zinc levels, also no difference was observed in
zinc transport from those with normal levels (28). Conditions, such as
gestational period, severe matemal hypertension and fetal neural tube
defects, in which structural and morphological characteristics of the pla-
centa are different from the normal placenta, do not impair folate trans-
port (29). However, in premature placentas, the transport of cobalamin
and zinc was more efficient. Cobalamin transport was twice higher (30)
and there was an increase in concentration of zinc-binding sites, with no
effect on affinity (28).

A sub-clinical vitamin A deficiency of the mothers may have
no effect on fetal circulating retinol, but may affect the placental han-
dling of retinol and carotenoids to ensure an adequate retinol supply to

the fetus. The placental transfer of retinol and [B-carotene was investi-

gated in pregnant women with adequate (serum retinol > 20 pg/dl) and
sub-adequate (serum retinol < 20 pg/dl) vitamin A status (22). Although
there was no difference in retinol and B-carotene levels in placenta and
cord serum between these groups, and no correlation between maternal
serum retinol and placental or cord retinol, a significant correlation was
found between maternal serum [3-carotene and placental retinol in moth-
ers with sub-adequate vitamin A status, particularly in those with retinol
levels lower than 15pg/dl, whom also presented a significant correlation
between maternal 3-carotene and cord serum retinol. These results sug-
gest that {3-carotene may be a precursor of retinol in placenta, which
would then be available to the fetus, and that it could be dependent on
the retinol status of the mother. Also, the decrease of -carotene in rela-
tion to o-carotene and licopene in the placenta, when compared to
maternal serum (31), is suggestive of B-carotene catabolism in placenta.

MATERNAL MICRONUTRIENT STATUS
AND MILK COMPOSITION

Mean levels and range of folate, cobalamin, iron and zinc in
milk from low-income women at different periods of lactation (5) were
similar to those found for well-nourished mothers in developed countries
(32,33).

There was no relationship between maternal indices of iron,
zinc, folate and cobalamin status and the milk concentrations of these
nutrients, in spite of the risk of poor status observed in some of the moth-
ers. Milk components related to a better availability of these nutrients to
the infants, such as cobalamin-binding protein, folate-binding protein
and lactoferrin, or whey bound zinc and iron, were not affected by mater-
nal status. Partial weaning (pasteurized cow’s milk, cooked vegetables
and bananas substituting at least two daily feedings from the breast) did
not affect milk composition, except for total iron which was lower in
milk from mothers who were exclusively breast feeding. Folate and iron
supplementation during pregnancy did not affect milk composition (5).

Although the means of folate, cobalamin and iron indices in
the infants with ages varying from 31-280 d were within the normal lim-
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its, regardless the type of feeding, a substantial proportion of exclusive-
ly breast-fed and partially weaned infants presented low levels of serum
folate (33 and 67%, respectively) and hemoglobin (33 and 43%, respec-
tively) (34).

In another study (13), iron supplementation (40 mg/d) of lac-
tating women for three months after delivery did not affect iron and zinc
levels, but increased total iron ligands and lactoferrin/protein ratio in
milk, which could be a response of the mammary gland to the higher
plasma transferrin saturation found in these mothers in comparison to the
non-supplemented ones.

SUB-ADEQUATE MICRONUTRIENT STATUS IN
PREGNANT AND LACTATING WOMEN

Although the afore-mentioned studies were not designed to
evaluate the prevalence of sub-clinical micronutrient deficiencies and
are not representative of low-income pregnant and lactating women
from Rio de Janeiro, they have drawn attention to micronutrient inade-
quacies in these groups. They provide some evidence regarding high
frequencies of sub-clinical deficiencies of folate, iron, zinc and vitamin
A and the striking beneficial effect of folate supplementation during
pregnancy.

In one study with non-anemic women (6), 22% started preg-
nancy with low erythrocyte folate levels (<360, nmol/l; 35) and this pro-
portion was also found in the third trimester of pregnancy and during
lactation (2-3 months) only in those who did not use folate supplements.
Regarding iron status, eight percent of the women started pregnancy
with depleted iron stores (plasma ferritin levels <12 pg/l; 36), whereas
in the third trimester this frequency had increased to about 40%, irre-
spective of iron supplementation. However, in the post partum, 40% of
the women who did not take iron supplements during pregnancy had
low iron reserves as compared to 18% in the group using iron supple-
ments. None of the women presented low levels of plasma cobalamin (
<110 pmol/l; 37). :

Other studies showed that 25% of the pregnant women at partu-
rition (25), and 11% after 3 months of lactation (S5) had low serum zinc lev-
els (< 7.6 and 9.9 pmol/l, respectively; 38). Low serum retinol levels (<0.7 -
pmol/l, 36) were found in 35% of pregnant women at parturition (22).

Dietary intakes of folate, iron, zinc and calcium were
assessed in pregnant and lactating women (6,39) by food frequency
questionnaires. Mean dietary intakes of these nutrients were 83, 50, 73
and 53%, respectively, of the recommended intakes for pregnant
women (10). In this period, 80, 100, 82 and 95% of the women had
lower dietary intakes, respectively, than the recommendations.

During lactation, mean dietary intakes of these nutrients were
similar to intakes during pregnancy, but adequacy of dietary intakes of
folate and iron improved, since recommendations for this period are
lower, with mean intakes of 120 and 100%, respectively, of the recom-
mended intakes. As for zinc and calcium, mean dietary intakes were 64
and 57% of recommendations in this period, since recommended
intakes for zinc are higher and for calcium are the same in comparison
of recommendations for pregnant women. In the lactation period, 35,
52, 93 and 90% of the women, respectively, had folate, iron, zinc and
calcium intakes lower than the recommendations.

In both periods, mean cobalamin dietary intakes were higher
and none of the women had cobalamin intakes lower than the recom-
mendations. i

CONCLUSIONS

Representative data on prevalence of sub-clinical and clinical
deficiencies of micronutrients are generally lacking in different popula-
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tion groups from Rio de Janeiro, particularly in pregnant and lactating
women. Although the studies reported in this paper were not designed
to assess prevalences of micronutrient deficiencies in pregnant and lac-
tating women from Rio de Janeiro, they indicate that high frequencies
of sub-clinical deficiencies of folate, iron, zinc and vitamin A, especial-
ly in pregnant women, are to be expected.

Sub-adequate micronutrient status may not have an important
impact on pregnancy development and outcome, or on milk composi-
tion, but may be invoived in problems that have not been specifically
addressed, such as chronic and degenerative diseases.

For instance, in the case of folate deficiency, besides its man-
ifestation as the classical clinical deficiency, megaloblastic anemia, sub-
clinical deficiency has been associated with increased risk for cardio-
vascular diseases, due to hyperhomocysteinemia, and various types of
cancer. The possible impact of transient and chronic sub-clinical folate
deficiencies during pregnancy and lactation on folate homeostasis and
on women’s health, may be related to a future onset of these diseases.
Serum homocysteine is a sensitive indicator of intracellular folate and it
is increased when depletion of this vitamin occur. Evaluation of homo-
cysteine levels in pregnant and lactating women is lacking, as well as
studies concerned with the extent to which a marginal folate deficiency
in these periods contributes to hyperhomocysteinemia. Validated bio-
chemical and functional tests to evaluate micronutrient status specifi-
cally in pregnancy and lactation are needed, since at present this evalu-
ation relies on poor indicators of status for some nutrients such as zinc,
and disputable cut off values for most nutrients.
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SUMMARY. Prevalence and risk factors in iron deficiency and anemia. Iron deficiency anemia is nowadays the world most prevalent nutrition-
al problem. Several studies concerning anemia prevalence were carried out in Brazil with pregnant women and children aged less than 5 years, restrict-
ed mainly to northeast and southeast regions of the country. More recently, groups other than those of pregnant women and children aged less than 5
years, such as school children and adolescents, have become the target of those concerned with the issue. The differences found out among the groups
and the diversity of methodologies employed, prevent us from reaching an evolutionary profile conceming nutritional anemia in Brazil. However, the

~“high rates of prevalence verified by the various studies carried out are enough for justifying the general interest in controlling and/or eradicating the
disease. This paper presents a model of causal determination of anemia, that points out the diet as the principal immediate factor The typical Brazilian
diet is poor in bioavailable iron. The two foods - meat and beans - responsible for the totality of this mineral in the habitual Brazilian diet have been
registering a decreasing intake in the last decades. Tron deficiency is also observed in the food practice of infants and children aged less than 5 years.
This situation justifying the urgency in finding an effective intervention to control this relevant nutritional problem.

INTRODUCTION approximately 700 millions of persons in the whole world were anemic,
including more than half the children aged less than five years and preg-
Iron deficiency anemia is nowadays the world most prevalent nant women from underdeveloped countries
nutritional problem. Anemia brings about innumerable consequences to

the organism, symptoms of which vary from a diminishment in the pro- PREVALENCE AND RISK FACTORS

ductive ability and less resistance to fatigue, common to all anemic indi-

viduals, to an increase on the morbid-mortality in the infant-maternal An exhaustive survey on studies conceming anemia preva-
group as well as behavioral disorders among children (1,2). lence in Brazil was carried out by Vannucchi, Freitas & Szarfarc (3),

In 1980, the World Health Organization (1) estimated that covering the period from 1965 to 1990. Among them, Table 1 empha-

TABLE.1
Prevalence of anemia in Brazil, considering
geografic regions and studied groups: 1980-1997

Region/State Group Prevalence Source/Year
(Sample Size) Anemia
Northeast
Paraiba pregnants (217) 36,9 Salzano et al., 1980
Pernambuco pregnants (194) 35,5 Romani et al., 1982
Pernambuco pregnants 35,5 Torres et al., 1984
Permambuco 0-2 years (1306) 51e77 Salzano et al,, 1985
Pernambuco 1-4 years (573) 41,9 Mariath et al., 1985
Bahia < 5 years 22,4 Assis et al., 1990
Southeast
Sao Paulo < 2 years 35,0 Sigulem et al., 1983
Sgo Paulo <3 years 38,9 Guerra et al., 1983
Sao Paulo 4-5 years (370) 24,5 Tone, 1984
Rio de Janeiro pregnants 13,7 Batista Fitho et al.,1984
Sao Paulo pregnants 35,1 Szarfarc, 1985
Sao Paulo 2-5 years (912) 35,6 Monteiro et al., 1987
Séo Paulo < 2 years 40e 45 Torres et al., 1987
S3o Paulo 6-24 months(307) 26,0 Sichieri, 1988
Sao Paulo pregnants 29,0 Sinisterra-Rodriguez,
1991

S3o Paulo pregnants 142 Fujimori, 1994 (5)
Sido Paulo [2 months (371) 42,6 Szarfarc et al., 1996 (6)
Sdo Paulo 0-1 year (317) 14,5 Souza et al,, 1997 (7)
South
Paran 4-6 months (284) 9.3 ©_ Uchimura et al., 1989

SOURCE: Adapted from Vannucchi H.: Freitas.M.L.S. & Szarfarc.S.C. (3)



sizes those carried out from 1980 on, with pregnant women and children
aged less than 5 years and showing that they are restricted to solely two
Brazilian regions: Northeast and Southeast. A

More recently, groups other than those of pregnant women
and children aged less than 5 years have becoming the target of those
concerned with the issue. Some studies carried out with school children
and adolescents in Brazil are worth being mentioned. A survey carried
out with 554 school children attending the 5th. and 8th. grades of public
schools in the city of Osasco, SP, Brazil, observed 5.3% of anemia preva-
lence among the entire target population (4). On the other hand, another
survey (8) found out 51% of anemics in children of both sexes entering
the 1st. school grade, in the same city. In Maringa, PR (9) another sur-
vey pointed out 31.7% of anemia prevalence in children entering the 1st.
grade of state elementary schools. A survey carried out with 262 female
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adolescents in the city of TaboZo da Serra, SP (10), reported the finding
that 17.6% of them were anemic.

The differences found out among the groups studied covering
localities presenting diverse realities and employing different method-
ologies prevented us from reaching an evolutionary profile concerning
nutritional anemia in Brazil. However, the high rates of prevalence dis-
closed by the various studies carried out are enough for justifying the
interest of all in identifying the determinants of this process as well as in
controlling and/or eradicating the disease, moreover when it is a well-
known fact that iron deficiency is a process of gradual onset in human
organisms and that anemia, even in its initial phases when it has not yet
manifest itself, can seriously affect health.

Chart | shows a model of causal determination contemplating
from the immediate factors - inadequate diet and iron losses - to the basic

CHART 1
Model of anemia causal determination

ANEMIA
1
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ones, establishing that anemia, as all other nutritional deficiencies, is
ultimately the consequence of poor socio-economic conditions.
Epidemiological studies (11,12} carried out in the municipal-
ity of Sdo Paulo, State of Sio Paulo, Brazil, vouch for the gradual
decrease in the parasitic infestation rates as well as the absence, in those

infested with, of Ancylostoma and Necator, parasites responsible for
blood losses which might lead to anemia. Therefore, diet assumes a
prevalent role as a causal factor of iron deficiency.

A study aiming at the evaluation of the density of iron
bioavailability on the daily Brazilian dietary pattern was carried out (13).
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This dietary pattern included three meals: sweetened black coffee with
white bread with margarine, for breakfast; rice, bean, meat, tomato and
sweetened black coffee for lunch; and rice, bean, eggs and sweetened
black coffee for dinner. Meals without meat, as in the case of the dinner
on the focused diet, even with a reasonable content of iron provided for
by the bean, are potentially very far from being effective in granting the
organism the needed amount of this mineral. The presence of eggs (ordi-
narily used as a substitute for meat) and the absence of citrus fruits or
other sources of vitamin C, conferred a very low iron bioavailability
upon the meal, similar to that of the breakfast. The presence of a small
amount of meat at lunch increased in 3 to 4 times the iron utilization

when compared with that of the other meals. The study pointed out that
this kind of diet meets the adult male’s iron needs; however, regarding
the adult female, it does not supply the recommended iron amount, even
when meeting the energetic needs.

Brazilian feeding practices are very poor in absorbable iron.
It is worth emphasizing that the two foods (meat and beans) responsible
for practically all of iron intake in the customary diet have been regis-
tering a decreasing intake in the last decades in the Brazilian metropoli-
tan regions (14), as it is shown on Table 2.

It is worth mentioning that the reduction of intake, common
to all the studied localities, is strongly linked to the supply and cost of

TABLE 2
Per capita daily average consumption of meat and beans,
according to place and period

Metropolitan Regions Period
Meat Beans
61-62 74-75 87-88 61-62 74-75 87-88
Sdo Paulo 45 50 28 88 76 57
Rio De Janeiro 63 53 36 167 96 70
Belo Horizonte 37 44 33 94 56 46
Curitiba 55 46 21 122 74 44
Salvador 51 46 28 156 108 74
Fortaleza 90 66 44 148 69 47
Recife 54 45 26 124 75 56

SOURCE: Adapted from Szarfarc,S.C.; Lemer,B.R.;.& Stefanini,M.L.R.(14).

food-stuff and not necessarily to a change in the population’s dietary
habits. Vouching for this statement, an important increase on the chick-
en intake (which price suffered a marked decrease in the period) was
registered, although being not enough to replace for the decreased intake
observed in products of bovine origin.

. The monotony of this diet, leading to a deficient absorbable
iron, is also observed on the food practice of infants and children aged
less than 5 years. Szarfarc and colleagues (unpublished), in a research
carried out with children aged 0-1 year attending health centers in the
municipality of Santo André, SP, Brazil, reported that milk was practi-
cally the single food the infants were fed with in their first six months of
life. Exclusive breast-feeding takes, in general, no longer than the first
three months of life when infants pass to be fed whole cow’s milk. The
nursing bottle is, in general, prepared with sugar and a thickening stuff
(any kind of flour), a habit that turns milk into the most important ener-
getic food source during the children’s whole first year of life. The first
salt meal is introduced between the 4th and 6th months of age, includ-
ing an insignificant amount of meat and roots, tubers, vegetables and
cereals, all of them poor in iron. The second salt meal, with the same
composition as that of the first one, is given between the 7th and 8th
months of age. Orange juice, the diet single source of vitamin C, is
offered isolated from the salt meals, a practice beginning, in most of the
cases, at the 4th month of age.

In the situation mentioned above, the infant feeding practice
does not meet the recommendation of iron. Similar feeding practice was
observed in the Municipality of S3o Paulo, SP, Brazil (15,16). Even
among children aged 24-60 months feeding practices which meet iron
recommendation are infrequent (15). In relation to the first year of life
(16), it is emphasized that the feeding practice is eminently lacteous.
Since this is a period for introducing new foods, the amounts ingested
are small, not only due to the infant’s limited gastric capacity, but also
to the impact of accepting them. It must also be taken into consideration
the restrict varicty of foods the children are offered to.

CONCLUSIONS

The observed Brazilian feeding practices, recognized as the

main cause of the high prevalence of anemia, as well as the adverse con-
sequences of iron deficiency to the health of the population are enough
for justifying the urgency in finding mechanisms of intervention which
lead to successful fight against these relevant nutritional problems.
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SUMMARY. Zinc in urban infants and children from Brasilia. The substandard living conditions of the poor families in the fast growing urban population of Brazilian cities
puts children in the more vulnerable group of micronutrient deficiency. The chemical analysis of milk diets consumed by infants showed that zinc is insufficiently provided in
bottle-fed infants, and possibly a first-limiting nutrient in breast-fed babies, at least during the first 6 months of life.

INTRODUCTION

The rapid growth of Brazilian cities is a new phenomenon in
the urbanization process particularly over the last three decades. Such
phenomenon has brought about dramatic changes in our human ecolo-
gy. The traditional way of life of a rural and agricultural society has made
way for the urban and proletarian manner of living of the migrating
masses. The consumption of a variety of locally grown foods has been
displaced by mass production and income dependent types of food, typ-
ical of large urban centers. Such subtle but nonetheless fundamentat
changes in the process of food provision has raised questions such as:
“What are the nutritional consequences of this process in the urban pop-
ulation” ? We hope that this initiative will open the debate, and some
light will be shed on this contemporary issue of human ecology, in order
to guide future research in human nutrition.

ZINC IN URBAN INFANTS AND CHILDREN

The case which I bring to this meeting is similar for all large
Brazilian cities. The last twenty years of our research activity in the
Nutrition Laboratory at University of Brasilia has focused on micronu-
trient nutritional status (zinc in particular) of children of the migrant pop-
ulation, mostly, but not exclusively, shanty town dwellers. Choices had
to be made as to the best methods of assessing the zinc nutritional status.
In the seventies hair zinc content was our choice, but then, as today reli-
able indicators are hard to find.

Since zinc is a component of a few hundred enzymes its defi-
ciency may sometime be confounded by, or with, general malnutrition to
the untrained clinician. In spite of finding differences in hair zinc distri-
bution between studies we never could find a direct relationship between
hair zinc concentrations and anthropometric data (1,2).

In our early studies (2) we found that among children of poor
families 72% were found normal, 16% stunted, 8% wasted and 3%
stunted and wasted. Almost all children were infected with intestinal
parasites, and 20% were positive for two or more parasites. The fami-
lies were characteristically low income, large number of members
(including children) and substandard living conditions. In such children
we could not find a significant association between anthropometric
assessment of nutritional status and hair zinc levels. Under conditions of
a heavily parasitic load and inadequate nutrition it would be difficult to

find, through hair, that zinc was the only or primary micronutrient asso-
ciated with anthropometric deficits.

Our suspicion that zinc is an important contributor of poor
nutritional performance appeared during our studies of diets of infants
and pregnant and lactating mothers. In surveys of poor families (3), we
found that in children and lactating mothers the requirements for zinc,
vitamin A and riboflavin were less likely to be met than for macronutri-
ents.

The feeding practices of poor families (4), unveiled certain
characteristics of important nutritional consequences. The milk based
diets of infants less than one year of age were also low in zinc, vitamin
A, and thiamin and recommended daily allowance (RDA) were only
marginally met for vitamin C. Thus revealing that in this case also
micronutrient deficits were more likely to cause poor nutritional perfor-
mance than those of macronutrients.

The situation of urban infants becomes more complicated
when we consider the working mother and the weaning process. It is not
just a question of quality of bottle milk vis a vis breast-milk, but also the
regularity of feedings, contamination of bottles and the preparatory

.process.  Studying infant feeding practices among the poor urban fami-

lies in shanty towns we (4) found that breast- and mixed-fed infants were
tikely to receive more milk feedings that non-breast fed infants. The dis-
advantages of less feeding per se, in the case of bottle-fed infants, is
exacerbated by the nutritionally unbalanced diets or preparations. This
may lead to nutritional inadequacies especially micronutrients imbal-
ances/deficiencies, as a consequence of practices involved in the process
used to prepare bottle-milks.

During the first year of life, milk feeding, with either breast
or bottle-milk, is the principal determinant of nutritional support. As a
consequence, the development of malnutrition in infancy, in some cir-
cumstances, can be a direct result of faulty nutritional practices in milk
feedings. The breast-fed infant receives more feedings (and perhaps
attention from mothers), while bottle-fed babies receive less feedings,
maybe from caretakers, if mothers are at work (4).

First, let’s look at the types of food consumed by these infants
in the first year of life. It is clear that economic limitations will place
constrains on acquisition of certain food items, and, in consequence, on
the provision of key nutrients. This situation is aggravated by the intro-
duction of bottle-milks. Sugar and liquids such as teas, fruit juices and
soft drinks were introduced at an early age. With such food consump-



tion, Fe and vitamin A were estimated to be below the RDA in the group
that was not receiving breast-milk (4).

In spite of the importance of milk feedings among poor fami-
lies, information on milk composition has been based mainly on breast
milk, and, in fewest instances, on industrially produced powdered milks
or formula as marketed. The information on zinc concentration in these
foods was obtained after laboratory reconstitution of known commer-
cially powdered cow’s milk or formulae according the manufacturer’s
instructions. Reconstitution of powdered milk products by mothers
under home conditions may result in improper dilution or in nutritional-
ly unbalanced milks.

Among “favelados” (shanty town dwellers), 84% of children
were fed either breast-milk plus cow’s milk (44%) or only cow’s milk
(40%). In these children 44% of the mixed feed group and 47% of the
cow-milk fed were malnourished (5). The milk prepared at home, either
from formulas or dilution of cow’s milk as powdered or fluid and the
addition of sugar always end up with a hyperosmolar solution. This is
an aspect grossly neglected in food surveys of very young children (5).
Such a concentrated diet in itself could favor osmotic diarrhea, however
the nutritional imbalance is an additional matter of concern.

The essential role that zinc plays in growth results in an
infant’s requirements being higher than those of older children and
adults. At the beginning of lactation, when growth is at its peak, the
zinc:calorie ratio is at its highest. When breast-fed, infants have access
to a higher zinc:calorie ratio diet in the first three months of lactation (6).
The peculiar rate of secretion of zinc in human milk during the first
month of lactation makes this milk unique in the provision of zinc dur-
ing a fast-growing period. Regardless of the different ways of express-
ing zinc concentration, i.e. Zn mass/volume, or as either mass of
zinc/total mineral mass or total calorie, there is always a higher propor-
tion of zinc than any other micronutrient during the first three months of
lactation (6).

In the case of home preparations based on cow’s milk, no such
adjustments exist and bottle milks may provide less than the minimum
requirement for the majority of poor children (7). Our studies consis-
tently point to the specific nutrient deficits in cow’s milk-based diet of
young children. The analytical data obtained from chemical analysis of
milk preparations done by mothers and caretakers from shanty towns (7)
showed that based on minimum recommendations for formulae, 55% of
bottle milks had zinc below 3.2 mg/L. Owing to added sugar and high
calorie preparations, metal:calorie ratios were below the minimum rec-
ommendations in 72.5% of cases (7).

Growth failure is a common and essential feature of protein,
energy, and zinc deficiency in the growing organism. Adequacy of
weight gain in exclusively breast-fed infant has varied from 3 to 6
months in developing and developed countries respectively. Assuming
that changes in milk composition can modulate total nutrient utilization,
multiple regression was used to interpret the dependence of growth on
nutrients in milk. The length and weight gain of infants during the first 6
months of lactation and concentrations of zinc, nitrogen, and fat in
human milk were analyzed by multiple regression. Using this method
we assessed the effects of macronutrients (protein and energy) and zinc
(micronutrient) concentrations in human milk and we found that con-
centration of milk zinc and nitrogen but not fat, were significant predic-
tors of weight gain in breast-fed infants. Zinc concentration, however,
was the strongest predictor of weight gain of breast-fed infants, thus indi-
cating zinc as a first limiting nutrient in human milk (8).

CONCLUSIONS

The substandard living conditions of the fast growing urban
population puts children in the more vulnerable group of micronutrient
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deficiency. In the case of Brasilia, the micronutrient deficits may come
from many different causes. The chemical analysis of milk diets con-
sumed by infants showed, indeed, that zinc is insufficiently provided in
bottle-fed infants and possibly a first-limiting nutrient in breast-fed
babies, at least during the first 6 months of life.
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SUMMARY. Iron deficiency anemia in children: prevalence and prevention studies in Ribeirdo Preto, Brazil. Iron deficiency and ferropenic anemia are, certainly, the
most prevalent and specific nutritional problems in Brazil. The Ribeiriio Preto region is no exception to it. A large prevalence of iron deficiency/anemia is found, mainly in the
age group 6-24 months. In spite of the fact that several aspects of its physiopathology are known it is a very difficult problem to be solved. Many approaches and alternatives for
their prevention have been tried but we are far from controlling the situation. Several studies carried out at the Medical School of Ribeirdo Preto, University of Sdo Paulo, Brazil
have shown this high incidence of iron deficiency and iron anemia among infants and preschool children. The importance of iron supplementation to preterm, premature and nor-
mal infants was pointed out. The possibility of use of iron complexes to prevent iron deficiency, besides the usual ferrous sulfate, was shown. Several community studies proved
the feasibility of distribution and intake of iron as supplements or fortification of carriers as altematives to prevent iron deficiency.

INTRODUCTION

As in many other parts of the world iron deficiency anemia is
still quite common in Brazil. Surveys carried out in different regions of
the country show its presence all over, both in urban and rural areas,
affecting mainly pregnant/lactating mothers, 6 months infants and pre-
school children of poor socioeconomic groups. It is undoubtedly linked
to low food iron intake, although parasitic infestation may play an
important role in specific areas of Brazil. The prevalence of iron defi-
ciency among infants from 6 to 24 months of age is so high in rich areas
of the South, where it reaches more than 50% of their unprivileged pop-
ulation, as in the poorer Northeastern regions of the country, where ener-
gy-protein children undernutrition is also quite widespread. That age
group along with prematures, low birth weight infants and pre-school
children are, certainly, the highest target group to be protected against
iron deficiency. On the other hand anemia among low socio-economic
pregnant/lactating women seems to be less prevalent than in young chil-
dren, reaching 20-30% of them and being apparently less common than
in other developing countries.

The problem of iron deficiency and anemia although preva-
lent in the country has not brought the needed attention of the public
health community, less to say of government personnel. Physicians
know little about iron deficiency and iron anemia is only taken care of
when values of hemoglobin reach very low values. Few nutritional
investigators exist in the country and not many of them are regularly
studying and dealing with the problem .

Theoretically, iron supplementation of pregnant/lactating
mothers is accepted as a need in the country, but implementation and
adherence of this practice is poorly controlled and low along the needed
population.

Food fortification with iron and other nutrients is present in
several industrial products but is only used by privileged medium and
high classes groups. Low classes families have little knowledge and
access to it.

Nutrition and dietary orientation/education is practically

absent in the country. Ignorance, at all levels concerning food and nutri-
tion problems and solutions, is the rule. A lot is said in the country about
hunger, mainly as political tool, but very little of practical and well
planned projects and programs are implemented. Nutritional personnel,
with poor knowledge and lack of interest in public health nutrition prob-
lems is doing too little to solve the iron deficiency/anemia situation.

WHAT HAS BEEN DONE AND WHAT TO DO?

It is not an easy task to deal with iron deficiency and anemia.
If it would be, the solution being available, an answer could be found.
The problem is still present everywhere in the planet, even in some pop-
ulation groups of the rich world. There is not only one solution to this
serious iron nutrition problem. Its consequences are dreadful to the indi-
vidual and specially detrimental to the mental and physical development
of our children, to the working capacity of adults and to the quality of
life of communities and nations.

This report will concentrate on data from Ribeirdo Preto,
Brazil. It is noteworthy to say that Ribeirdo Preto is one of the richest
regions of Brazil. The area has a good health infrastructure, a high eco-
nomic development and very good educational system. On this situation
it is a surprise to find there a high prevalence of iron deficiency and iron
anemia among children. This deficiency picture certainly has a different
physiopathology in our area than that of iron anemia from the Northeast
Brazil. which is linked also to a high protein energy malnutrition plus
poor iron intake and a greater parasitic infestation. Qur situation is most
dependent on low iron intake, high cow’s milk intake and adequate ener-
gy-protein diet.

Several studies carried out all over different areas of the State
of Sdo Paulo, on normal infants as well as preschoolers, have showed
several times the presence of anemia above 50%, affecting mainly chil-
dren of low socio-economic level.

At the Medical School of Ribeirdo Preto, University of Sdo
Paulo, Brazil, a group of the Department of Pediatrics and the Division



of Nutrition of the Department of Medicine, carried out several studies
on the subject. These were carried out in rats, infants and children.

Data on the prevalence of iron deficiency and anemia in
Ribeirdo Preto of preterm and term infants followed during 6, 9 and 12
months are available (1,2) and show that the highest frequencies of ane-
mia occurred at 6 months after birth in the preterm infants (80%) and at
9 months for term infants (31%). The type of feeding, mother’s milk or
cow’s milk combined or not with beef and egg yolk, given to infants
from 6 to 12 months of age presented a poor relationship with prevalence
of anemia, which increased after 6 months (1). The effect of preventive
iron supplements starting either at 15 or 60 days after birth has also been
evaluated (3) and showed that prevalence of anemia at 12 months was
27.3% and 35.7 %, respectively. Bioavailability of iron from infant food
cooked on iron pots was demonstrated (4). The effect of different iron
supplements on the hematological picture of 6 to 60 months children
attending a day care center (5) and experiments with rats (6) showed that
FeEDTA and Fe aminochelate gave similar results as ferrous sulfate for
hematological iron indices and other parameters.

At our Clinical Nutrition Division the iron work includes a
series of experimental and community studies. Our aim is to implement
a national program to guarantee the intake of iron by the pregnant
women through the once a week iron tablet, to fortify with iron salts the
Brazilian Government cow’s milk distribution already available and
offered free to a very large number of infants, and to fortify with iron the
drinking water available to pre-school children attending day-care com-
munity institutions.

During the last 5-6 years our iron work has, mostly, concen-
trated on this possibility of using drinking water as an alternative carri-
er for iron. This would guarantee an adequate daily intake of this miner-
al by preschool children (7). Certainly drinking water suits the known
requisites for an effective fortification vehicle such as: it has a daily
intake by everyone; delivery systems can be directed to the global pop-
ulation or to target groups; high bioavailable iron salts exist and may be
easily added to water with small or no change of taste/appearance, and
iron salts are quite cheap. A similar approach has been used for years,
with the addition of fluoride to giobal drinking water systems, but these
modus operandi are not always available. It was then decided to prove
its feasibility to a target group, such as the preschoolers who attend urban
day-care institutions all over the country. This was hypothesized as an
easy and practical approach to supply iron.

From this theoretical reasoning we started to do physical-

chemical studies of fortified water with different iron salts followed by
experiments with rats and humans. The latter included studies with small
groups of children under very close observation in a-community day-
care institution and Jater on large scale implementation programs,
including nutritional and logistic aspects. .
' Physical-chemical studies of ferrous sulfate and NaFeEDTA
fortified water were the subject of a MSc Thesis (8) and showed that
greater solubility and less physical changes occurred when EDTA salts
were used. The addition of ascorbic acid or citric acid to the ferrous sul-
fate solution increased the iron solubility and kept it more stable. This
can also be important for maintaining iron as ferrous and not ferric ion.
The EDTAFe solution is kept clear for a period of at least 7 days and has
a better taste than the ferrous salt, which keeps a residual iron flavor.
When the drinking water is chloride treated it is necessary to control the
iron content to maintain the chloride activity. The FEEDTA, on the other
hand does not react with the water chloride.

Studies with preschool children were carried out in a day-care
Ribeirdo Preto institution including 31 children, 2-6 years old. They
attended the institution, Monday to Friday, from 7.00 am. to 5.00 p.m.,
while their mothers were at work. There, they received food and were
submitted to a complete clinical-nutritional examination. Blood samples
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were collected 4 times during the experimental period of 12 months, for
hematological and chemical analysis. No clinical malnutrition was
found in these children, their food intake was adequate and fow parasitic
infestation was found, on routine examination. Fifty eight percent of the
children were anemic with hemoglobin below 11 g/dL and 45% had fer-
ritin below 12 mg/L, at the beginning of the experiment. Ferrous sulfate
was added daily to their water pot to reach a concentration of 20 mg
Fe/L. After an eight months follow up the percent of hemoglobin below
11 was 3 % and of ferritin below 12 was 7 %. It was demonstrated that
ferrous sulfate added to the drinking water was accepted by the children
and reduced drastically the anemia of these low-socio-economic chil-
dren. Fe-enriched water was shown to be a practical alternative to sup-
ply Fe to children attending day-care institutions (9).

The same experimental approach, now adding ferrous sulfate
solution to home drinking water pot was tested in 21 families living at
their community homes. The Fe was added to their drinking pot to give
a final solution of 10 mg Fe/L. This water was drunk by all family mem-
bers. Its effect was measured by changes in the hemoglobin level and
compared to another group of families who received a placebo, instead
of the iron. The mean hemoglobin levels of the children and adults who
received iron fortified drinking water for 4 months increased signifi-
cantly (P<0.01) as compared to levels before fortification. The placebo
did not change their hemoglobin levels (10).

Several other larger community studies, including city day-
care institutions, with preschool children were carried out in the last 3-
4 years. Their objective was to call the attention to iron deficiency, to test
the intake and the delivery system of the concentrated iron solutions.
These were diluted locally by a trained person in charge, at the day care
institutions. At these places, all the local working personnel, the children
and their mothers received classes about the importance and the need of
iron for the better development of the children. Earth pots were furnished
to the day-care institutions and the dilution was controlled by measuring
the amount of concentrated iron solution to be added to the drinking
water. The water was well accepted by the children and persons in
charge expressed the fact that children improved their appetite and phys-
ical activities. :

In one of these day-care institution trials, located in a small
city nearby Ribeirdo Preto, the program included blood sampling for
hematological examination. After one year of ferrous solution added to
the drinking water pot hemoglobin levels were higher and anemia preva-
lence decreased from 41% to 22% (11).

CONCLUSIONS

Drinking water was shown to be a suitable vehicle to carry Fe
to supply iron needs of preschool children kept at community day-care
institutions. These institutions exist everywhere in Brazil and local phar-
macies can prepare the iron solution to be added to the drinking water
pot. The children staying at these centers all day could have an adequate
supply/intake of Fe, sufficient to prevent iron deficiency/anemia. A
strong educational input on the importance of iron to the nutritional well-
being has to be offered to all participants of the program. These include
children and their mothers as well as professionals, local workers, com-
munity representatives and local government. This educational input is
very important for the success of the program.
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SUMMARY. Micronutrients and urban life-style: lessons from Guatemala. Guatemala is a nation of 10 million persons, at the northemn point of the chain of five Republics
derived from Spanish colonies on the [sthmus of Central America. The country is diverse in its ethnicities, its climate and terrain, and its agricultural pursuits. The majority of
its population is poor, illiterate, and under-employed. It has had a unique and turbulent political history, and only recently has emerged. The traditional basis of the diet, dating
to Mayan times, is maize and beans. Guatemala City, with its population in excess of 2 million inhabitants, having doubled since the Earthquake of 1976, is the only major
metropolis. The pattern of dietary selection and the format of eating meals is changing in relationship to the size, congestion, economic evolution, and modemization of the cap-
ital city. A wider selection of foods is consumed in the city, but preparation follows the traditions of the rural cuisine. Street vendors play an ever larger role in the feeding of
the urban poor. Quantitative data are only available for vitamin A and zinc, and only in certain subsegments of the population. The vitamin A in fortified foods, notably table
sugar which is fortified with retinyl palmitate by legal mandate, makes up over one-third of the intake. The maize tortilla is an important sources of calcium, iron, zinc and cop-
per. Average zinc intakes are appropriate, but the biological availability of the metal is low. The intake of iodine is totally dependent upon table salt which is inconsistently for-
tified. Data on micronutrient status exists for vitamin A, iron, iodine, riboflavin and zinc. With respect to rural areas, no major advantages or disadvantages in the adequacy of
micronutrient nutriture can be claimed for the urban population. It is probable that, in the metropolitan area, vitamin A nutriture is slightly better and riboflavin status somewhat
poorer than in the countryside. The prospects for future directions in urban lifestyle, in micronutrient status and in their interaction are uncertain. The pressures of growth are

straining the ability of the municipal infrastructure and the industrial base to respond with provision of services and employment.

INTRODUCTION

The major focus of this meeting is the issue of micronu-
trients and urban life-style in Brazil, which has a population of
146.000.000 (1992) inhabitants distributed over a country with an
area of 8.511.965 km2. Guatemala is a nation of 10,000,000 dis-
tributed over 108,900 km2. Despite the dissimilarities in size and
population, one can find a number of superficial similarities
between these two nations. For instance, both have extensive rain
forest: the Amazon basin in the former and the Peten’s Mayan bios-
phere in the latter. This has placed on them the burden of support-
ing oxygen-generation for the planet as a whole. Reports of crimi-
nal abuse of street children has reached the worldwide syndicated
news services from both nations.

In the nutritional area, both countries are "nations of
beans. Legumes (feijao, fi-jol) are the traditional basis of the diets
of both countries. Both are multi-ethnic societies. With respect to
nutrition research, the countries have a similar important legacy of
contributions to the scientific literature and to important investiga-
tions in nutritional science. The persistent and aggressive pursuit of
knowledge, specifically in the areas of urban nutrition and of diet
and health, characterize the nutrition communities of both nations.

Dissimilarities and contrasts between the two nations also
exist. The partition of urban-to-rural of the present Brazilian pop-
ulation is 73:27. In Guatemala, it is 40:60. As such, within Latin
America, Guatemala, along with its Central America neighbors,
represents the more rural predominant populations In fact, the
mayors of Sao Paulo and Rio de Janeiro govern more citizens (20
million and 11.8 million, respectively) than the President of
Guatemala governs in the Republic as a whole. Guatemala City, the
capital with 2 million residents, is the only major metropolis in that
Republic.

A PROFILE OF GUATEMALA

Nutritional status of societies is strongly influenced by -
dietary intake as well as by the physical and biological environment.
Social, economic and cultural features give the shape and texture to the
interaction of man with his surroundings. The foods available from local
production will be determined by factors such as climate, terrain, soil
conditions, and native and imported flora and fauna. The geographic
and geological position of Guatemala, along with its anthropological and
political history are an important backdrop to the analysis of nutrition for
any subpopulation within its borders.

The terrain of the Republic is a blend of rain forest, volcanic
highlands, arid desert and coastal plain. Guatemala has a tropical cli-
mate with rainy and dry seasons equally dividing the calendar. The
Sierra Madre mountains constitute a continental divide and the north-
eastern part of the country is under the influence of the Caribbean
(Atlantic) tropical weather patterns while the southwestern sector is
response to the Pacific pattern.

The Isthmus of Central America has been inhabited for mil-
lennia by Amerindian groups common to the MesoAmerican region.
The Mayan civilization was established parts of Mexico and Guatemala.
Guatemala is a mixture of European (mostly Spanish), African and
native Caribbean ethnic groups, but the majority of the population is of
post-Mayan indigenous heritage, speaking one of 21 Mayan languages
as their first tongue. The first contact with the Spanish came in 1524 with
the arrival of the Conquistadors under Pedro Alvarado. Guatemala was
the seat of the Spanish colony of Central America until 1821 when they
obtained their independence from the Spanish Crown. A Republic
emerged thereafter which has had a turbulent political history, with alter-
nating periods of enlightenment and reform and of military dictatorship.
On January 29, 1997, a formal peace agreement was signed between the
constitutional government and the insurgent groups that had engaged in
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a civil was for 36 years. The median household income is $600 (US)
annual. In terms of the ability to satisfy basic household needs, 85% are
below the poverty line, and 63% are below the extreme poverty line. On
the other hand, half of the arable land is concentrated in the hands of 3%
of the population. Guatemala is second only to Haiti in terms of the per-
centage of the population that cannot read or write the official language,
in this case Castellan Spanish. Guatemala, the republic, has a relatively
high fertility rate and a doubling time of <25 years. The majority of the
population is below 15 years of age.

Most of the population lives in the highlands. Conflict over
land and its ownership has existed since the time of the Conquest. There
is also conflict over the use of land. When placed to commercial export-
crop use, coffee is the leading crop, growing well in the highland, vol-
canic solid. Also grown in the highlands are snow-peas, a non-tradi-
tional export crop. Banana’s are grown near the Atlantic coast and sugar
cane on the Pacific coast. When subsistence and food-crop farming wins
out, maize and bean cultivation is the most important. Pumpkins,
squashes, orchard fruits, and vegetable are also grown for personal con-
sumption and sale in the local produce market. The livestock include
cattle, raised on the coast for meat, and sheep, raised in the highlands for
wool.

URBANIZATION IN GUATEMALA

In fact, improvements in transportation and communications
during the latter half of the 20th Century be the single:most important
factor, favoring migration to the capital city. Through the first four and
one-half centuries after the Conquest, most of the settlements and plan-
tations (fincas) were isolated and accessible over very difficult roads by
food or with beasts of burden. The advent of paved highways affected
both the rural gentry, who could administer their lands while based in
more comfortable capital, and the rural peasantry, who could visit cities
with regularity.

Guatemala City had a population of less than I million at the
beginning of the 1970s. On February 4, 1976 a devastating earthquake
with a magnitude of 7.6 on the Richter Scale, shook the country with a
cumulative mortality of over 30,000. The majority of these deaths
occurred in rural provinces close to the capital. This seismic event set of
a chain reaction of demographic events. The populatiori of the city has
more than doubled over the next two decades. Part of this came from
natural growth, i.e. children bom in the capital. Most of it was due to
rural-to-urban migration. The great majority of the increases was among
the poor. '

The central city itself has undergone rapid change. Like most
Latin American cities the capital began around a main plaza with the
religious center, the Cathedral, and the seat of government. It was earth-
quakes in 1773 the colonial era that, in fact, had produced the transloca-
tion of the capital of the Spanish colony on the Isthmus from it setting at
Antigua Guatemala after almost 250 y. From its founding in 1776
through the early part of this Century, this city center (Zona 1) and its
contiguous zones were both the residential and commercial heart. The
foreign diplomatic embassies were in this downtown sector until the
1970s. After the revolution of 1944 and the counter-revolution of 1954,
the wealthier families began to build larger houses and estates to the
south of the central zones. As tourism grew as an industry, the tourist
hotel zone grew up in the new elite residential areas. Since the
Earthquake another demographic shift for the rich and powerful has
occurred. Guatemala has begun to achieve a skyline of high-rise office
buildings and hotels. These have arisen in this southern sector, and the
elite have moved once more to the hills surrounding the city or into con-
dominium developments. All of this has left the original downtown to a
lower middle class. Meanwhile, vast sectors of the city — including the

precarious slopes of the ravines — have been given over to sprawling,
unsightly slums and provisional settlements.

Very little about the low-income neighborhoods of Guatemala
is not generic to the region, having been described in the favelas of Brazil
or the pueblos jovenes of Peru. They are best described as agglomera-
tions of household. The construction is precarious, of corrugated metal
sheets and whatever other materials (wood, plastic, brick, block, com-
stalks) is available. Floors are of dirt. Streets are of dirt. Drainage for
water and sewage is non existent. Intrahousehold water taps are the
exception, communal faucets are the rule, and purchase of water from
tank-trucks is common. In the city, electrification is generally complete
although telephone lines are scares. With electricity comes the ironic
paradox of electrical appliances (radios, cassette and CD players, televi-
sions and VCRs) under the roofs of provisional domiciles. Shade trees
and grassy areas are rare. In the dry season this makes for dust bowls;
in the rainy season, for mud bowls. Such neighborhoods are subject
damage to the natural elements such as earth tremors, flash floods, and
(recently) wind storms.

Personal and property security has become precarious. Many
migrants to the city came to find refuge from the crossfire of insurgents
and military forces in their countryside hamlets. Now the menace is
petty theft and organized youth gangs. Extortion, larceny and rape are
the crimes of note. Access to patrol cars is difficult and police presence
is minimal. A major recent concern by a frustrated citizenry is vigilante
justice and lynchings. The elite are not immune to the rising criminali-
ty which involves house burglaries and kidnappings for ransom. Private
security police for home and business is a flourishing growth industry.
Ironically, the second leading industry in terms of income in foreign
exchange is tourism. Security concerns in both the capital and the coun-
tryside may be a poison attacking the goose that lays the golden eggs of
tourism dollars.

Analogous to the experience throughout the region, structural
adjustment — and the culture of structural adjustment - has supplanted
a bloated state and municipal bureaucracy with its powerful unions.
Once the tools and trophies of those who governed, the public servants
have become the objects of a rush to downsizing and privatization of
public services. Never efficient, municipal services and national func-
tions such as public hospitals and schools, are in transition to decentral-
ization and local responsibility (at best) and non-existence (at worst)."

URBAN LIFESTYLE AND DIETARY PATTERN

It is safe to say that urban life-style in Guatemala has always
been distinct from rural life-style. It is also rather evident that predomi-
nant rural life-style, that of agricultural work — either in subsistence or
cash-crop cultivation, for men, and maintenance of a peasant household
for women — has not changed substantially during several centuries.
Work in construction in the cities can be as physically intense as work
on the farm, but most of the occupations of men in the cities are more”
sedentary than those of the agrarian. For those who are born in the coun-
tryside and who migrate to the capital, there is a fransition of activity pat-
tern within the lifespan.

“Nutrition transition” is a concept which has been introduced
by Prof. Barry Popkin (1) in which the “problems of under- and overnu-
trition often coexist, reflecting the trend in which an increasing propor-
tion of people consume the types of diets associated with a number of
chronic diseases.” The book by Prof. Klaus Pietzrik (2) and published
by the International Life Science Institute, entitled “Modern Lifestyles,
Lower Energy Intake and Micronutrient Status” sets the stage for the
quantitative and qualitative consideration of this topic, as it relates the
lower energy intakes of more sedentary life-styles to a lesser total intake
of foods, and possibly of key sources of micronutrients. Hence, a con-



sideration of diseases related to dietary excess, but more specifically of
chronic and degenerative diseases in which micronutrients in generous
amounts may be protective.

Household diets for the low-income populations in
Guatemala have changed in two dimensions. The basic menu at home
is different from what is still eaten in the countryside, and more meals
are eaten away from home. In a monetary economy (purchase) com-
pared to a non-monetarized provisioning (self-production, gathering,
barter) sets the pattem for a very different selection of foods. The issue
can be framed in terms of availability and accessibility. To the shopper
in the urban miliey, there is vastly greater selection of food than for the
mother in the rural hamlet. In the province bordering the metropolitan
area to the southwest, a rural-to-urban gradient in the number of items
reported in a 7-day period in the gradient from a township to a village to
a plantation was reported (3). The diversity of the diet was three-fold
greater in the township as compared to the plantations. However, its
accessibility, i.e. does it come within the household budget, is the greater
determinant of how many different items are in the diet. The distillation
of these forces is seen in a survey (4) with 52 pregnant mothers from the
periurban neighborhood of Guajitos, interviewed from 9 to 14 times
(mode: 14) during their third trimester of pregnancy in 1987. Over 706
person-days among these 52 women, 254 food and beverage items were
reported as consumed. However, only seven items were common to all
52 women, and only 5% of the total of items accounted for 75% of total
energy and protein intake for the population, with maize tortillas
accounting for 25% of total encrgy.

The options for eating outside of the home have expanded
rapidly for all of the visitors to and residents of the capital city. For the
upper class and foreign tourists, restaurants and hotel dining rooms have
proliferated. For the middle-class there are cafeterias and fast-food
eateries, the latter specializing in fried chicken, hamburgers, pizza and
specialty sandwiches. Street food are the primary option for the urban
majority, the poor. Street foods have always existed, but with the prolif-
eration of the urban population and the inability to returmn home from
work for meals, the services of street-food vendors has proliferated (5,
6). With the exception of the Guatemalan—style hot-dog, the mixta,
most of the meals and snacks are based on traditional Guatemalan foods.

Globalization of import-export of commercial foodstuffs has

overtaken Guatemala, but it is expressed more on a franchise basis with
actual manufacture of the products in Guatemalan factories, This is true
for the highly visible beverages: Coca Cola and Pepsi Cola. Rolled oats
and comnflakes are manufactured in Guatemala under the Quaker and
Kellogg labels, respectively. Imports of wine from Chile, of chocolates
from Switzerland and the USA. Beer and rum were true monopolies;
two cervecerias, both owned by the same family, controlling the manu-
facture and importation of most beer. One liguorera has the same hege-
mony over sale and import of spirits.

Globalization interacts with currents that are intrinsic to local
conditions. Maize is the cereal staple of MesoAmerica. The tortilla
(corn pancake) and the tamal (baked corn) were the dominant cereal-
based food at Guatemalan meals. White (bleached wheat flour) bread
has been baked in bakeries in Guatemala since the colonial period, but it
had been a minor constituent of the diet in deference to the maize prod-
ucts. At CeSSIAM the hypothesis of the existence of a gradient of
increasing wheat bread consumption, displacing maize from the diet was
confirmed (7). Another finding in that study was a progressive reduction
in the weight and diameter of tortillas among the Kekchi from the most
rural to the most urban settings. With respect to globalization, bread has
become part of a franchise. Pan Bimbo is a mass produced standardized
line of sandwich bread and packages pastries.

Vitamin intakes: A comparison of preschool children in five
localities, two rural and three peri-urban neighborhoods of the capital,
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was made in 1987 (8, 9). The average intake was estimated a 200 to 250
RE in the threc urban sites. This was higher than the 125 RE in the
remote location on fhe Rio Dulce, but less than the 299 RE in the near-
by hamlet of Las Trojes. However, in terms of the percentage of sub-
jects consuming an adequate intake of 400 RE, the three urban areas
were numerically betier off than the two rural settings.

Vitamin A intakes must be considered both in terms of the
basic, “natural” foods in the diet, both of animal and vegetable origin, as
well as intake from fortification. Guatemala is one of several Central
American countries to have government-mandated fortification of sugar.
This is a process developed at INCAP (10). The target level of retinyl
palmitate per gram of sugar is 14 RE (50 IU), but the tolerances are set
at from 11 to 17 RE. The recent National Micronutrient Survey (11)
found an average, per person consumption of 60 g in the metropolitan
area, The median fortification level fell well below the target, at 7 g, but
this combination would provide 420 RE from sugar daily. Sources of
vitamin A are from fortified foods has often been ignored in the past, but
since fortification ‘was re-instituted in 1989 the concern has become
prominent. About half of the median intake of 427 3 RE of vitamin A in
the diet of peri-urban toddlers in a community of Guatemala City is from
fortified foods (12). The rest is from natural foods. Sugar, which, asana-
Iyzed, contained 3 RE/g contributed 2/3 of the fortificant vitamin A and
1/3 of all the vitamin.

For pregnant women in a peri-urban neighborhoods, per-
fhrmed in 1987-88 before the re-institution of sugar fortification and ,
using 24-h recall as the instrument, found median intakes of vitamin A
to be in the 170 to 240 RE range (13). :

The mean and median daily intakes of riboflavin were
obtained from data on 217 rural and 86 urban school children aged 5 to
11 y (9). The intake of the former was 0.71 mg (median: 0.74 mg/day)
whereas that for the latter was 1.07 mg (median: 0.82 mg/day).

Mineral Intakes: Todine deficiency disorders have been com-
mon in Guatemala since the first systematic surveys in the early 1950s
revealed a goiter rate of 38% (14). The same fortification law that man-
dates fortification of table salt at a level between 30 and 100 parts per
million (ppm). Potassium iodate is the fortificant. The National Survey
(11) found a median leve! of around 22 ppm. The estimate of individual
salt intake, based on disappearance data for the metropolitan areas is 9 g
per person. CeSSIAM has conducted studies with lithium labeled salt in
a village near the capital, that suggests that aduits consume more iodine
than children, and that the 9 g figure is much too high for both popula-
tions (15). Aside from salt, there is virtually no source of iodine in the
diet. In the capital, the supermarket as the source of sait tends to guar-
antee the highest adequacy (16).

The variation in the content of four mineral nutrients - calci-
um, iron, zinc and copper - in the traditional staple food, the maize tor-
tilla was studied (17). They found that, per 100 mg of edible portion, the
tortillas provided: 108 mg of calcium; 1,5 mg of iron; 1.8 mg of zinc;
and 0.2 mg of copper. The impact of these differences, however, is mod-
ulated by the strict gradient in the volume of tortilla consumption from
rural to urban. Urban mothers of a specific linguistic group, the Kekchi,
were found to consume daily,, on average: 444 mg calcium; 5.7 mg, iron;
6.9 mg, zinc, and 0.6 mg, copper, from the most rural hamlet to a neigh-
borhood in Guatemala City (7). As noted, this same study showed that
white bread (pan francés) was the item that replace tortilla with urban-
ization, This white bread has lesser amount of all of these elements.

Consumption of zinc by pregnant women in Guajitos was
11.3 mg (range 5.8 to 20.7) based on the 706 person-days of 24-h recalls
(18). School children aged 6-7 y in a low-income neighborhood (19).
The mean daily zinc intake for boys was 10.1 mg/day and for girls 8.4
mg/day. The urban diet in Guatemala has also been assayed for the
potential for the absorption of zinc to be reduced. The Zn/phytate ratio
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for the women’s diet averaged 18.8 and that for the children’s diet aver-
aged 12.1 and 9.9 for boys and girls, respectively. A critical level for sig-
nificant inhibition is >20. Thirty-eight percent of the women’s diets
exceeded this inhibitory threshold.

Additional mineral daily mineral intake data obtained in the
52 peri-urban, third-trimester women were as follows: calcium, 727 mg;
copper, 1.3 mg; and manganese 2.8 mg (18).

Conclusions: Possible compensating factors for reduced
energy intake would be a diversification of the diet and a net increase in
micronutrient density. Also, in urban setting, the general sanitation of
foods may be superior to that of rural homes, reducing micronutrient
losses related to episodes of food-borne gastroenteritis.

SURVEY OF MICRONUTRIENT NUTRITURE

Data on the status of the metropolitan population exists with
respect to vitamin A, iron, iodine, zinc and riboflavin. Vitamin A status
in both the urban and rural areas has been dominated and determined by
the fortification of sugar. Preschool children in the two rural locations
(Rio Dulce, Las Trojes) had a tendency toward higher prevalences of
low retinol levels and abnormal relative dose responses than those at the
three urban sites in the 1987 (pre-fortification of sugar)CeSSIAM stud-
ies discussed above (8, 9). In the recent National Survey (Ministerio de
Salud Publica), the national rate of retinol concentrations below 20
ug/dL was 15.8% for children from 1 to 5 years of age, but for the met-
ropolitan area preschoolers it was only 10.4%.

The groups most vulnerable for iron deficiency and -anemia
are women of childbearing age and preschoolers. Of 44 non-pregnant
women in Guajitos, 20% had “anemia,” as defined by a packed cell vol-
ume of <37%. For the pregnant women, using a cut-off criterion of 34%
hematocrit, which is adjusted for the hemodilution of late pregnancy, the
rate of “anemia” was only 4%. The National Micronutrient Survey (11)
classified 23% of metropolitan Guatemala City women between 15 and
44 years as “anemic,” as compared to 36% in the childbearing women
across the republic. At CeSSIAM, a group of preschool children from a
peri-urban neighborhood (Peronia) was compared with peers in the
northerly province of Alta Verapaz (20). The number with low hemat-
ocrit values (<38%) was in the mid-30% range for both populations, but
the only 37% of former and 54% of the latter had deficient iron stores as
defined by a plasma ferritin of <12 mg/L. The National Survey (11)
again found a lower rate of anemia in the metropolitan area (15%), than
as in the nation as a whole (26%) in children 1 to S years of age.

Todization of salt has been variable over the recent history of
Guatemala. In 1987, a nationally representative sample of school chil-
dren were examined for goiter by palpation (21). She found, curiously,
that the rate of thyroid enlargement was slightly higher in the urban areas
(including the capital) than in the rural areas. More recently, the National
Micronutrient Survey (11) measured urinary iodine concentration by
regions. The mean of low iodine concentrations for the capital of 22.1%
is identical to that of the nation as a whole, 22.2%. However, consistent
with the goiter survey (21), the 22.1% rate of low iodine was lower than
the 16.1% rate across the highlands (altiplano), which is largely rural.

Riboflavin deficiency is prevalent in Guatemala. Although
this vitamin is found in avocados and in most green herbs, epidemiolog-
ically speaking, the limiting factor in riboflavin adequacy is a low milk
and dairy product intake. Studies in elderly adults in six localities in
Guatemala is enlightening (22). The rate of deficiency of elders samples
in Guatemala City (50%) was only slightly lower than the 60% found in
three rural populations. However, persons over 60 y of age in a dairy
cattle region, had a riboflavin deficiency prevalence of only 33%.
Access to dairy items and the frequency of their consumption, rather
than geography, per se, continues to be the determinant. The riboflavin

nutriture of young school children, aged 5to 11 y, were examined by ery-
throcyte glutathione reductase activity coefficients (EGRAC) (9). Blood
was obtained on 102 rural and 180 urban children. The median activity
coefficient was 1.24 in the former and 1.19 in the latter; 29% of the for-
mer, and 46% of the latter had an activity coefficient 0f<1.20 considered
to signify deficiency. The freshness of the milk and cheese, as con-
sumed, may be another factor in riboflavin status. We compared
riboflavin status in schoolchildren from a rural, coffee-growing area and
from a peri-urban neighborhood (9).

There is no ideal manner to measure zinc status. Data has
been collected in 162 school children, aged 6 and 7 y. There were 89
boys and 73 girls. A total of 12.3% of the males, but only 1.5% of
females had a low plasma zinc concentration of <70 ug/dL.. With respect
to hair zinc concentration, 63% of boys and 44% of girls had levels of
<110 ppm. The principal findings of the cross-sectional, pre-interven-
tion relationship were a tendency to greater weight (for height and for
age) in those with low hair zinc (<110 ppm), as well higher mid-arm fat
areas (19). In taste acuity, a functional index of zinc status, the recogni-
tion threshold for salt was higher in the low-hair-zinc subgroup. The
same children underwent an intervention trial over 5 months with a
cumulative dose of about 900 mg of oral zinc. The differential changes
in the zinc and non-zinc groups were not found with respect to either
total linear or ponderal growth. The effect of zinc was more on the com-
position of growth in terms of greater responses in increase in triceps
skinfolds and better preservation of midarm circumference (23). These
various measures, associations and responses have been interpreted as
evidence of a prevalence of zinc deficiency.

PERSPECTIVES FOR THE NEAR FUTURE

Guatemala City lies in a valley in the midst of mountains,
5000 ft above sea-level. As itis perched on a plateau and surrounded by
deep ravines, the margin for further territorial expansion is limited. In
theory, that should eventually stem the tide of immigration to the capital.
However, before that happens, saturation of the density of inhabitants
will be probed. Limitations of potable water availability have already
become manifest, and the prospects for resolving the situation are dis-
mal. Neither the streets and boulevards nor the off-street parking are suf-
ficient to contain the increase number of internal combustion vehicles.
Gasoline is still leaded and the influence of automobile emissions on air
quality has it heading toward the situation that is legendary in Mexico
City. The middle and upper classes are remaining in the metropolitan
area, but fleeing the city proper. This reduces the median income of
those residents that remain. All in all, the general “liveability” of
Guatemala City, especially for its poor, seems to be on a decline.

With this panorama of evolving chaos, crowding and collapse
of infrastructure, we can develop both a bleak and a rosy scenario for
micronutrient nutriture. The bleak scenario is one of a retum to greater
prevalences of micronutrient malnutrition. On the other hand, to the
extent that measures such as fortification of sugar with vitamin A and salt
with iodine are maintained, and quality control improved, hypovita-
minosis A and iodine deficiency disorders might be kept at bay. Also,
simply the greater diversification of the diet in the city is likely to reduce
micronutrient deficiencies even if the population remains equally
impoverished.

Moreover, the globalization of the diet as outlines above, will
continue to advance. The traditional, high-fiber and low-fat fare which
has been synonymous with Guatemalan cuisine will, with time, com-
prise less and less of the total diet. The diet will be more refined and
more energy-dense, while daily pursuits will be more sedentary and less
energy-demanding. The environment will become more contaminated
with particles and chemicals. Persons will live longer. All of this is a



recipe for greater incidences of chronic diseases. How one would pre-
serve Food-Pyramid guideline profile in the nutritional transition is hard
to imagine. And, to the extent that a certain balance of micronutrients
reduce free-radical formation and bolster the immune system, increasing
intake of “antioxidant” micro-nutrients in the diet could be seen as an
appropriate public health move. Some feel that a single, universal
dietary prescription can minimize chronic diseases for all populations.
My opinion differs from that point of view. The combinations and inter-
actions of genetic and environmental factors — both protective and pre-
disposing to chronic illness — varies from site to site. If we had the
knowledge and wisdom, we could develop specific formulas for dietary
and life-style change to counteract the specific circumstances of a given
locality. However, as documented here and in other contributions, when
it comes to the metropolises of Latin America, nothing is static, every-
thing is dynamic, and change is ongoing, unpredictable and unstable. A
prescription for today will logically be obsolete tomorrow. Hence, the
more modest and universal guidelines may represent the prudent course.
What they lose in targeted efficiency, they might gain in long-term sus-
tainability, especially if the worldwide marketing of food becomes
“health conscious” in the formulation of its food for export and fran-
chise.

CONCLUSIONS

In his book on the longitudinal study of the village of Santa
Maria Cauqué (located 38 km from Guatemala City), derived from a
longitudinal study that lasted from 1962 to 1976, Leonardo Mata (24)
suggests that the habits and life-style were virtually unchanged from the
arrival of the Spanish, some 450 years earlier. Such was the apparent sta-
bility of rural Guatemala. In the years since the Earthquake of 1976,
however, growth and change in the capital of the Republic has been both
chaotic and exponential.

The greatest benefits for the present process is to compare and
contrast the situation in Guatemala with that of Brazil. Guatemala com-
bines three features that make it a suitable and apt subject for a compar-
ative discussion of micronutrients and urban life-style. There is rela-
tively abundant information about diets and nutritional status. The
Institute of Nutrition of Central America and Panama (INCAP) has been
operating for 48 years and has contributed a legacy of both understand-
ing of how to study diet and nutrition and of tangible information. The
Center for Studies of Sensory Impairment, Aging and Metabolism
(CeSSIAM), founded in 1985, has joined that tradition. Secondly, there
is interest and focus on urban nutrition. CeSSIAM has been at the fore-
front on the subject from its founding, working closely with the urban
nutrition activities of the International Union of Nutritional Sciences.
Thirdly, in the Latin American context, Guatemala is among the least
advanced in the process of the global shift from a rural, agrarian society
to an industrialized, urbanized one. If nutrition transition (1) addresses
the situation in which under- and overnutrition co-exist in the context of
poverty and lack of power, then contemporary Guatemala City and the
emerging urb has the characteristics. Only with réspect to vitamin A
nutriture is there a clear tendency to better nutritional status in urban —
as compared to rural — areas. The situation for iodine and riboflavin
may have been, as recently as the late 1980s, slightly worse among the
urban population. Dietary change is accelerating and a less protective
and more “pathogenic™ diet is combining with a more sedentary life-
style even for the urban poor, and the sharing the focus between allevia-
tion of undemnutrition and prevention of chronic diseases is warranted.
Only through ongoing local scientific investigation, and transfer of its
derivative fruits to the public health and agricultural sectors, combined
with a linkage to the global effort to understand the mechanisms of
urbanization and its nutritional consequences, can the best individual and
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collective decisions for health and wellbeing be taken. Hopefully, the
resources to allow for both expert inquiry and concerted action will con-
tinue to be made available.

REFERENCES

1. Popkin, B. Nutrition transition: An emerging crisis in developing
countries. Nutr Rev, 52: 285-298, 1994.

2. Pietzrik, K. Modern Lifestyles, Lower Energy Intake and
Micronutrient Status. ILSI Human Nutrition Reviews. New York,
Springer-Verlag, 1991.

3. Mendoza, I; Saenz de Tejada, E; Sanchez, ME & Solomons, NW,
Dietary pattern of preschool children during diarrhea in a coffee-
growing area in rural Guatemala. Ecol Food Nutr, 35: 2541, 1996.

4. Fitzgerald, SL; Gibson, RS; Thompson, LU; Quan de Serrano, J;
Portocarrero, L; Vasquez, A; Zepeda, E; Lopez, CY & Solomons
NW. Trace element intakes and dietary phytate/Zn and Ca X phy-
tate/Zn millimolar ratios of periurban Guatemalan women during
the third trimester of pregnancy. Am J Clin Nutr, 57: 195-201, 1993.

5. Bressani, R. Alimentos de venta callejera en Guatemala. In: Taller
Latino americano FAO/OPS sobre Alimentos Comercializados en la
Via Publica. Lima, Perd, Rome, Food and Agricultural
Organization, 1985.

6. Freese, E; Romero-Abal, ME & Solomons, NW. The street food
culture of Guatemala, City: A case study of an urban park. Arch
Latinoamer Nutr (in press), 1997.

7. Krause, V; Solomons, NW; Tucker, KL; Lopez, CY; Ruz, M &
Kuhnlein, KV. Rural-urban variation in the calcium, iron, zinc and
copper content of tortilla and intake of these minerals from tortilla
by women in Guatemala. Ecol Food Nutr, 28: 289-297, 1992.

8. Solomons, NW; Bulux, J; Guerrero, AM; Portocarrero, L; Quan de
Serrano, J; Quifionez, J; Rosas, AM; Vasquez, A; Zepeda, E;
Brown, KH; Forman, M; Gadomski, A; Kjolhede, C; Morrow, F&
Russell, RM. Vitamin A en areas urbanas marginales de la capital
de Guatemnala. Rev Chil Nutr, 17: 41-45, 1989.

9. Solomons, NW; Haskell, M; Bulux, J & Molina, S. Nutrition and
health conditions of the periurban preschool and child populations of
Guatemala City. In: Urban Nutrition: Pre-school Children.
Aalbersberg, W, Hautvast, J (eds). Ede, Holland. Foundation for the
Advancement of the Knowledge of the Nutrition of Mother and
Child in Developing Countries, 1990, p. 119-150.

10. Arroyave, G Evaluacion del Programa Naciional de Fortificacion
de Azicar con Vitamina A. Washington, D.C., Pan American Health
Organization. PAHO Scientific Publication No. 384,1979.

11. Ministerio de Salud Publica y Assistencia Social. Encuesta Nacional
de Micronutrientes. Guatemala City, 1996.

12. Krause, VM, Delisle, H; & Solomons, NW. Fortified foods con-
tribute one half of vitamin A intake from non-breast milk sources in
peri-urban in peri-urban Guatemalan toddlers. (Submitted for publi-
cation), 1997.

13. Portocarrero, L; Quan de Serrano, J; Lopez, CY; Zepeda, E;
Vasquez, A; Bulux, J & Solomons NW. Comparison of food-fre-
quency and twenty-four hour recall instrumenits for estimation of vit-
amin A intake. Food Nutr Bull, 13: 265-270, 1991.

14. Behar, M. Progress and delays in combating goiter in Latin America.
Fed Proc 27: 939-944, 1968.

15. Boonstra-Melse, A. Studies on Salt related to lodine Deficiency
Disorders in a Rural Guatemalan village. MSc. Thesis, Wageningen
Agricultural University, 1996.

16. Quataert, MCJ; van der Poll, C; Bulux, J; Solomons, NW; May, S &
Maberly, G The intermethod and interobserver correspondence for
assays for salt iodine content, with specific reference to the moni-



49

19.

20.

toring of the consistency of salt fortification in Guatemala. Bulletin
of the Pan American Health Organization (in press), 1996.

. Krause, V; Tucker, KL; Kuhnlein, KV; Lopez, CY; Ruz, M &

Solomons, NW. Rural-urban variation in limed maize use and tor-
tilla consumption by women in Guatemala. Ecol Food Nutr, 28:
279-287, 1992.

. Fitzgerald, SL; Gibson, RS; Portocarrero, L; Quan de Serrano, J;

Vasquez, A; Zepeda, E; Lopez, CY & Solomons, NW. Food con-
sumption patterns and dietary diversity of pregnant women living in
a periurban area of Guatemala City. Ecol Food Nutr, 27: 115-121,
1992.

Cavan, KR; Gibson, RS; Grazioso, CF; Isalgue, AM; Ruz, M &
Solomons, NW. Growth and body composition of periurban
Guatemalan children in relation to zinc status: A cross-sectional
study. Am J Clin Nutr, 57: 334-343, 1993.

Romero-Abal, ME; Bulux, J; Mendoza, I; Grazioso, C & Solomons,

21.

22.

23.

24,

NW. Hematological status of preschool and school children in urban
and rural areas of Guatemala. Food Nutr Bull, 16: 60-66, 1995.
Martinez, MM. Deficiencia de yodo, bocio endémico y su relacion
con el estado nutricional en escolares de la Repuiblica de Guatemala
Masters Thesis. Guatemala. Instituto de Nutricion de Cento
America y Panama, 1988

Boisvert, WA; Castaiieda, C; Mendoza, I; Mazariegos, M;
Langetoh, G; Solomons, NW; Gershoff, SN & Russell, RM.
Prevalence of riboflavin deficiency among Guatemalan people and
its relationship to milk intake. Am J Clin Nutr, 58: 85-90, 1993.
Cavan, KR; Gibson, RS; Grazioso, CF; Isalgue, AM; Ruz, M &
Solomons, NW. Growth and body composition of periurban
Guatemalan children in relation to zinc status: A longitudinal zinc
intervention trial. Am J Clin Nutr, 57: 344-352, 1993.

Mata L The children of Santa Maria Cauqué. Cambridge, M.L.T.
Press, 1978.



50

ARCHIVOS LATINOAMERICANOS DE NUTRICION

rgano Oficial de la Sociedad Latinoamericana de Nutricidn Vol. 47 No 2 (Suplemento 1), 1997

Micronutrient deficiency in urban Indonesia

Rainer Gross and Werner Schultink

Deutsche Gesellschaft fir Technische Zusammenarbeit (GTZ) / SEAMEO-TROPMED Jakarta, Indonesia

SUMMARY. Micronutrient deficiency in urban Indonesia. The economic situation of Indonesia is characterized by a large increase in the gross national product which has
been on average 7% annually during the last ten years. This was accompanied by rapid urbanization. With the economic improvement, “First World” and “Third World” health
and nutrition problems are coexisting in Indonesia. In 1992, the most common of death cause was cardiovascular disease whereas tuberculosis was the second ranking. About
40% of the preschool children are stunted. The main stable food and energy source is rice, although the urban population has a more diverse food pattern than the rural popula-
tion. In Jakarta, many children receive too late colostrum feeding and mothers are not aware about the importance of correct breastfeeding practices after delivery. Three studies
had shown that about one fifth of preschool children and one fourth of elderly take micronutrient supplements. Nevertheless, micronutrient deficiencies are prevalent in Jakarta.
About one third of women suffer from moderate vitamin A deficiency (plasma retinol <0.70 mmol/L) and 50% of pregnant women are anemic. More information is necessary
on other micronutrient deficiencies. For example, a small study revealed that nearly two thirds of non-institutionalized elderly living in Jakarta experience thiamine deficiency.
Appropriate interventions to reduce micronutrient deficiencies should sensitize the urban population to the fact that the government should restrict itself to use its resources to

assist only the poorest individuals and groups, whereas it must be expected from the middle class to spend more time and money to solve their own problems.

INTRODUCTION

During the last decades, Southeast Asia has become a region
with an impressive economic growth. Nevertheless, within the region
there is still a wide difference in the economic situation among the peo-
ple. Countries such as Myanmar or Cambodia battle to successfully
begin economic growth, whereas Singapore is among the richest nations
in the world.

POPULATION AND SOCIOECONOMIC
DEVELOPMENT IN INDONESIA

During the last ten years Indonesia has undergone remarkable
economic growth. The gross national product (GNP) per capita
increased from US$ 440 to an estimated US$ 1100 in 1996. As a result,
hunger and severe symptoms of undernutrition had been successfully
eradicated. For several years, Indonesia has produced enough rice to
meet its own demand. The economic growth has been accompanied by
increased urbanization. About 40% of its 200 million inhabitants live in
urban areas. It is estimated that in about 10 years more than half of
Indonesians will live in towns or cities. Life expectancy has increased to
62 years for men and to 66 years for women. Furthermore, within coun-
tries such as Indonesia, the Philippines, or Thailand, the economic situ-
ation differs between the urban and rural populations.

NUTRITIONAL STATUS AND DISEASES

Table I shows the changes in the ranking of causes of death dur-
ing the last 20 years in Indonesia according to the Ministry of Health. In
1972 the first three causes of death - diarrheal diseases, tuberculosis and res-
piratory diseases - reflected the health situation of a developing country,
whereas in 1992 the most common cause of death was cardiovascular dis-
eases, which are characteristic of high income countries, and tuberculosis a
symptom of poverty, was the second ranking cause of death.

This diversity is also expressed by the wide range of the
prevalence of stunting in children less than six years of age in different
population groups in Indonesia, according to data collected during sev-
eral nutrition baseline surveys, conducted during the last ten years in
Indonesia by the SEAMEO-TROPMED Regional Center for
Community Nutrition at the University of Indonesia, Jakarta. The preva-
lence of stunting does not reflect the situation of entire provinces, they
are rather representative for smaller sub-populations at district or sub-
district levels. According to these data, prevalence of stunting ranges
from 23 to 69%. The lowest prevalence was found in the capital city of
Jakarta, on Java, whereas the highest was observed in villages on outer
islands of East Kalimantan. The nutrition status of different age groups
within urban Jakarta also reflects a remarkable diversity of under- and
overnutrition as can be observed on Table 2 (1-9). As a result, despite
the significant increase in the GNP, the disease pattern and nutrition sit-
uation of Indonesia stiil shows a wide divergence within its population.

FOOD INTAKE

Assessment of the energy intake of the Indonesian population
during the last two decades by the Household Surveys (10) and by the
Food Balance Sheets (11), showed a consistent increase of energy con-
sumption in Indonesia. This increase relies mainly on an increased grain
consumption, with 90% contribution from rice. As a result, for the broad
Indonesian population, the increased income has not yet diversified the
energy supply and the main staple food continues to be rice.

Comparison of the food frequency surveyed in West
Kalimantan with that in Jakarta, presenting, respectively, the highest and
the lowest prevalence of stunting, showed that selected food stuffs (egg,
chicken, fish, tofu, peanuts, vegetables, jackfruit and tubers) were more
frequently consumed in the urban households of Jakarta than in the rural
households of West Kalimatan. Remarkably, the families in Jakarta did
not consume less frequently traditional food stuffs such as cassava or
other tubers, compared to the rural population of West Kalimantan.



TABLE |
Changes in causes of death in Indonesia over 20 years

Ranking 1972 1980 1988 1992
1 Diarrheal diseases Respiratory Diarrheal diseases Cardiovascular
diseases diseases
2 Respiratory Diarrheal diseases ~ Tuberculosis Tuberculosis
infections
3 Tuberculosis Circulatory diseases Diphtheria Respiratory
diseases
4 Circulatory Tuberculosis Tetanus Diarrheal diseases
diseases
5 Tetanus Tetanus Malaria Other infectious
diseases

(Ministry of Health 1993)

Traditional prelactal feeding practices of infants have been
widespread in the rural population of Indonesia (12) and also in urban
teaching hospitals (13). In urban areas, the delayed initiation of breast-
feeding occurs and other types of inadequate colostrum feeding practices
are still widespread (14). Independent of the type of maternity ward
(public hospitals, private hospitals, health centers or midwife’s birth
wards), a considerable proportion of mothers does not think that prelac-
tal (colostrum) feeding is needed. Furthermore, particularly in public

hospitals and midwife’s wards, many infants receive the colostrum more
than 12 hours after birth.

Changed food practices and behavior in the urban area are
also reflected in the observation that a considerable proportion of the
urban population provides their micronutrient intake by supplements.
Twenty percent of the preschool children (15), 23% of adolescents (4 )
and 25% of elderly (5) were taking a multi micronutrient supplement at
the time of the interview.

TABLE 2
Under and overweight in different population groups of Jakarta

Population groups n Agerange  Under' Over
- nutrition  nutrition
(years) (%) (%)

Underfives

High-income, both sexes® 168 4-5 1 16

Middle-low income 628 0-5 23 2
Schoolchildren :

Low/middle-income, both sexes’ 91 6-10 5 9
Adolescents

Middle-income, males® 118 14-16 43 9

Middle-income, females* 805 14-17 10 33
Middle-aged

Female industrial workers' 92 16-36 23 2

Middle income breastfeeding females® 92 18-40 9 17
Elderly

Free living, low-income, males? 69 60-69 32 21

Free living, low-income, females? 69 60-69 31 31

Free living, middle-income, males® 93 60-75 17 10

Free living, middle-income, females® 111 60-75 25 15

Free living, low-income, males® 48 60-75 29 9

Free living, low-income, females® 51 60-75 35 19

Institutionalized males and females® 42 53-88 33 26

! Below 11 years: Weight-for-age < -2 Z-score NCHS reference population

From 11 years: BMI < 18.5 kg/m?

‘ Below 11 years: Weight-for-age < +2 Z-score NCHS reference population

From 11 years: BMI < 25.0 kg/m?

From references 1-9.



MICRONUTRIENT STATUS

Based on several smal! studies conducted by the SEAMEO-
TROPMED, anemia is still widespread in Indonesia but occurs at dif-
ferent rates in different age groups. A high prevalence occurs in
preschool children, and of particular risk are children between 6 and 18
months of age. Due to the slowing down of the growth spurt, the rate of
anemia decreases steadily afier the age of 2 years and shows lower rates
in primary schoolchildren. After the beginning of menarche, the preva-
lence in adolescent girls increases again, reaches its peak in pregnant
women, and declines after the menopause. Besides of biological factors
such as growth spurt, menarche and pregnancy, specific contributing fac-
tors to anemia in Indonesia are low iron intake, with reduced bioavail-
ability particularly due to high rice consumption, and iron losses caused
by parasitic infections.

Indonesia has remarkably minimized the prevalence of
xerophthalmia with an effective vitamin A capsule distribution program
(16). However, subclinical vitamin A deficiencies still seem to persist
even in Jakarta, where food consumption is more balanced than in rural
areas. Prevalence of serum retinol levels lower than 0.7 mmol/l was
81% in anemic underfives (15), 30% in adolescents (4) and 33% in lac-
tating women (8).

During the last three to four years in collaboration with
UNICEEF, the government of Indonesia has put much emphasis in the
iodization of salt. Results from a spot survey of the performance of the
program, conducted in 1996, showed that most of the salt, sampled
either in households or in markets, was iodized, although about half of
the salt samples in urban sites had an insufficient amount of iodine (17).
The quality of the rural samples was even worse, with about 80 % of
samples considered inadequate. Furthermore, it seemed that due to inad-
equate storage, the salt obtained from the households showed less iodine
than the samples bought in the market.

With decreased fertility and mortality, the proportion of elder-
ly is increasing over-proportionally, particularly in the urban area of
Indonesia. Table 3 shows the biochemical indicators of selected
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micronutrients in a male and female subgroup of elderly in Jakarta. In
addition to the commonly known micronutrient deficiencies discussed
above, thiamin deficiency expressed as stimulation of erythrocyte trans-
ketolase appears to be an additional nutrient-related obstacle in later life.
This example shows that there is a further need for identification of
micronutrient deficiencies in different urban population groups beyond
that of vitamin A, iron and iodine.

MICRONUTRIENT STRATEGIES FOR THE
URBAN POPULATION

One of the major differences between the rural and urban pop-
ulations is that most of the latter does not produce their own food and
rely therefore fully on their purchasing power, access to food sources and
decision making abilities. Although the availability of food is far greater
and purchasing power is higher in the urban than in the rural area, the
access to and intake of adequate food of the urban population is limited
by lack of time and appropriate information. As a result, strategies need
to be developed that take into consideration these two main constraints.
In particular, lessons can be learned from private enterprises which often
have successfully adapted their marketing strategies to the specific needs
of their clients, reaching even low-income groups, where as public pro-
grams, despite subsidization, often fail to reach effectively the risk
groups.

Dietary intervention, fortification, and supplementation are
the three strategies to overcome micronutrient deficiencies in the urban
area. In fast growing economies it must be expected from the emerging
urban middle class to commit themselves to securing their own food and
nutrition needs and choose for themselves the right option, which
requires money and time for information, food and nutrient purchase,
food preparation and feeding practices. As a result, governments should
restrict themselves to define and supervise appropriate legislation secur-
ing the highest possible quality of food production and distribution and
assist directly only the poorest segment of their society.

TABLE 3
Biochemical indicators of selected micronutrients in male and female subgroups of elderly in Jakarta

Biochemical indicators All Male Female
(n=204) (n=93) (n=111)
Mean+SD Mean+SD %) Mean +SD (4
Hemoglobin (g/L) 136424 145+23*** 25 129 +22 33
Plasma retino! (umol/L) 1.30+0.35 1.37+0.37* 43 1.26:0.33 6.3
RBC Folic acid (nmol/L}) 653+232 (621) 600+£196 (573)*** 5.4 697+251 (664) 09
Plasma vitamin B, (pmol/L) 371207 (435) 371200 (441) 32 3724213 (431) 12

Stimulation of the ETK (%)’ 21.3+17.7 (17.5)

24.0£198(19.7) 58

19.0£15.3 (15.7) 70

n=92 in men for retinol and ETK; n=110 in women for ETK
Untransformed values; geometric means in brackets

* ETK - Erythrocyte Transketolase

*** Significance difference between gender at P<0.001 (t-test)
*  Significance difference between gender at P<0.05 (t-test)

! Data logy transformed before t-test’

/" Low status: Hb men <130 g/L, Hb women <120 g/L; retinol < 0.70 umol/L; folate< 368 nmol/L; B12<148 pmol/L; ETK > 14%

Calculation factor for RBC folate 160 ng/L = 368 amol/L
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