
XA0054842

EFFECTS OF CHILDHOOD MALNUTRITION ON THE INCREASE OF RISK FACTORS FOR
OBESITY, NON-INSULIN DEPENDENT DIABETES MELLITUS AND CORONARY HEART
DISEASE

ANA L. SAWAYA1, SUSAN B. ROBERTS2

1Centro de Recuperacao e Educagao Nutricional - CREN, Universidade Federal de Sao Paulo,
Depto. de Fisiologia, Disc, de Fisiologia Endocrina, Ed. Biomedicas, 2° andar, Rua Botucatu
862, V.CIementino, 04023 - 060, Sao Paulo, SP, Brazil
2USDA Human Nutrition Research Center on Aging Tufts University, 711 Washington St.,
Boston, MA 02111

Abstract

Studies in humans and animals have lent support to the theory that early undernutrition can
promote later obesity, non-insulin dependent diabetes, and coronary heart diseases. The
purpose of this study is therefore to investigate the effects of stunting, indicative of previous
malnutrition on the increase risk factors for these diseases. The population studied will be 100
school age boys and girls (8-10 y) divided into two groups: stunted (-1.0 to -2.5 z score ofheight-
for-age) but of normal weight-for-height (± 0.5 z score of NCHS); and control having normal
height-for-age and weight-for-height (± 0.5 z score of NCHS). Differences in body composition,
food intake, blood parameters (fasting glucose and insulin, glycosylated hemoglobin, glucagon,
salivary cortisol, triglycerides, high density lipoprotein cholesterol, free-fat acids and IGF-1) and
blood pressure will be evaluated.

1. SCIENTIFIC BACKGROUND OF THE PROJECT

1.1. Significance of overall problem

At the second half of this century a great increase in the urban population has occurred. This
fact was associated in developed countries with large scientific, technological and socio-economic
improvements. In developing countries, on the other hand, the urbanization process was not followed
by the same level of socio-economic progress. Instead, the accelerated growth of urban population
has lead to elevated poverty, bringing enormous social, nutritional, environmental and health
consequences as a growing number of individuals started living in shantytowns or overcrowded
slums, with limited access to basic living conditions, such as water and sanitation supply and
electricity, etc. In the city of Sao Paulo, for example, there was an increase of 252% in the shantytown
population between 1987 and 1993 [1]. At the same time, detailed information on trends in food
consumption are scarce. An increase in the fat-carbohydrate ratio in the diet may have occurred in
the Brazilian cities, as suggested by Monteiro, et al. [2]. In addition, there are some evidences of a
decrease in physical activity among Brazilians, as reflected in increased TV viewing [3,4], a factor
linked to obesity in developed countries [5]. Following this trend, the prevalence of malnutrition has
decreased and the prevalence of obesity has increased. A general analysis of the nutritional condition
of the Brazilian adult population during 14 years, from 1974 to 1989, revealed a markedly decrease in
the prevalence of malnutrition with a reduction of 36% among males and 37% among females [1]. At
the same time, an increase of 58% of overweight among males and 42% among females was
observed. Similarly, obesity has increased 100% in men and 70% in women during the same period
[1]. This trend, however, varies according to income. In a recent study in a shantytown population, we
have shown that higher body mass index (BMI) was associated with lower level of education [1].
Monteiro, et al. studying the Brazilian population as a whole described a higher increase in the
frequency of obesity among poor families than among higher income families, during the same period
[2].

While obesity is definitively increasing, mainly among poor people living in urban areas,
studies are finding remarkable increases in the prevalence of non-insulin dependent diabetes mellitus
(NIDDM) in Brazil. In a recent study on the global burden of diabetes, Brazil was listed among the
"Top 10" countries of the world, in terms of number of people with adult-onset (type II) diabetes. In
1995, Brazil had 4.9 million of adults with diabetes and it is estimated that this number will increase to
11.6 million in 2025 [6].

Death from cardiovascular diseases in Brazil is also increasing. It accounted for 14.2% of
causes of death in 1950; whereas 32.4% of deaths in Brazilian capitals were due to cardiovascular
diseases in 1989. It is also known that hypertension is highly prevalent in Brazil and is more frequent
among the poor population [7].
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While these epidemiological studies in Brazil are showing an increase in the prevalence of
obesity, NIDDM and cardiovascular diseases, in general, some have also pointed to a higher increase
among the iow income population. A number of studies in the literature have, in fact, associated these
diseases among other causes with malnutrition in early life as described below. The purpose of this
study is therefore to investigate the effects of stunting, indicative of previous severe malnutrition, on
the increase of risk factors for obesity, NIDDM and coronary heart disease (CHD).

1.2. Related work already performed or in progress at other institutes

Some studies in humans and animals have supported the theory that early undernutrition can
promote later obesity, as reflected in the increased incidence of obesity observed in men whose
mothers suffered food deprivation during pregnancy during the 2nd World War Dutch Famine [8].
Consistent with this observation, studies in rodents with intrauterine undernutrition, by us and others,
have shown a subsequent occurrence of hyperphagia and body fat accumulation in early adult life
[9,10]. Recently Popkin, et al. have shown an association between stunting and overweight in
children in Russia, China and South Africa, all countries undergoing nutritional transition [11].

In addition, a number of studies have now demonstrated that babies who are small at birth or
during infancy have increased rates of cardiovascular disease and NIDDM as adults. Examination of
men and women in different populations in Britain has shown that low growth rates up to the age of
one year are associated with increased prevalence of known risk factors for cardiovascular disease,
including blood pressure and plasma concentrations of glucose, insulin, fibrinogen, factor VII, and
apolipoprotein B [12]. Infants who are short at birth as a result of a long period of maternal
undernutrition may have persisting defects in their growth hormone and IGF axis. They have
exaggerated responses to growth-hormone-releasing factor and lower IGF-1 levels suggesting a
degree of growth hormone resistance [12]. Postnatally the growth-hormone axis influences
cardiovascular function. Fetal blood pressure may be partly regulated by cortisol, as the growth-
retarded human fetus has high plasma cortisol concentrations and these could initiate adult
hypertension [12]. Fernald & Grantham-McGregor have recently shown that stunted children had
higher salivary cortisol concentrations, higher heart rates during a psychologic test session, and
exhibited enhanced cardiovascular responsivity to a physical stressor. Also, impaired B-cell
development is a feature of intrauterine growth retardation [13]. The impairment may possibly be due
to the lowering of IGF-1 concentrations associated with hypoglycemia, or to growth hormone
resistance [12]. Findings of a relationship between early poor nutrition and increased risk of NIDDM
were confirmed in Pima Indians [14], Ethiopian Jews [15], and Mexican Americans [16]. Although the
cellular and molecular mechanisms for the relationship between reduced growth in utero and higher
risk of future NIDDM are not yet clear, a direct evidence of increased glucose and insulin
concentrations after two hours of a glucose load (indicating insulin resistance) was shown in people
born under the Second World War Dutch Famine [17].

1.3. Related work already performed or in progress at the institute

Our group at the Federal University of Sao Paulo has been studying the association between
malnutrition and obesity in low income population since the 80s. In 1995 we described a co-existence
of malnutrition and obesity in shantytown population in the city of Sao Paulo. In particular, this study
showed a high prevalence of malnutrition during childhood with a shift towards overweight and
obesity during adolescence and adulthood [18]. Moreover, a high prevalence of obesity associated
with stunting during adolescence has been found in a number of protocols over the years, indicating
that obesity could occur in an individual subsequent to growth faltering [18,19,20]. These findings
suggest that, at least in very poor populations where malnutrition is common, obesity may possibly be
occurring as a sequelae of malnutrition earlier in life. We have speculated that early malnutrition
results in a decrease in energy requirements may promote a tendency towards positive energy
balance when food availability improves, for example, when an increase in age permits the use of
food aid programs in school and improves the ability to search for food autonomously, as in the case
of street-children in Brazil [1]. The low energy requirements could in turn be due to conservative
physical movement (resulting in decreased total energy expenditure) as well as decreased resting
energy expenditure resulting from metabolic alterations including decreased protein turnover and
decreased concentrations of thyroid hormones. We have just finished a research protocol to
investigate these speculations.

The finding of a link between malnutrition and obesity led us to conduct another study to
investigate the underlying mechanisms for this paradoxical phenomenon. A 22-month prospective
research, partially supported by the IAEA agency, was then conducted to study 30 school girls (7-11 y
old) living in the shantytowns of the city of Sao Paulo in 1994-1995. 50% had mild stunting with
height-for-age below -1.4 Z score and the other 50% had normal height-for-age (above ± 1 Z score).
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One important finding was that there was a significant and positive association between the IGF-1
plasma level measured at baseline and the change in height-for-age during the 22-month foiiow-up
period. In addition, we found out that stunted girls had a higher waist-to-hip ratio than non-stunted
indicating central fat accumulation. Concerning the factors underlying the susceptibility to obesity
associated with stunting, we found that the relationship between dietary fat and change in weight-for-
height was significant in stunted girls but not in control girls. In conclusion this study raised the
question of whether girls who are stunted may be more susceptible to becoming overweight when
they consume a high fat diet than non-stunted girls, and this could be associated with low IGF-1
levels and high cortisol levels [21].

In the other research center associated with this project, the Human Nutritional Research
Center on Aging at Tufts University in Boston, United States of America, Co-investigator Dr. Susan
Roberts has specialized in understanding the mechanisms by which energy balance is normally
regulated. During the last 10 years Dr. Roberts has published extensively on energy requirements
and factors associated with increased risk of energy imbalance, including total and resting energy
expenditure and dietary intake [22,23,24,25,26,27,28,29,30,31,32]. As part of these studies she has
used stable isotopes to measure total energy expenditure and body composition. Recent studies from
her laboratory have additionally addressed the role of diet in influencing cardiovascular risk factors
including blood pressure and blood lipids [33]. She is thus well qualified to act as an advisor and co-
investigator in the current project, and to provide logistical support for isotopic measurements of body
composition.

2. SCIENTIFIC SCOPE OF THE PROJECT

2.1. Detailed research objectives

2.1.1. General hypotheses

As growth is a defining metabolic event throughout childhood, not just during the prenatal or
first year of life, impaired growth during childhood may have similar effects in later life to those
described in intrauterine malnutrition and thereby increases the risk for hormonal changes linked to
an increased risk of later obesity, diabetes and cardiovascular disease.

2.1.2. Specific hypotheses

a) Previous malnutrition as judged by height-for-age is associated with alterations in fat patterning
and circulating hormones such as insulin, glucagon, cortisol and IGF-1. These alterations in fat
patterning and hormone profile associated with early malnutrition promote future weight gain and
increases the risk of central obesity and NIDDM.

b) Previous malnutrition is also associated with alterations in plasma lipid profiles, such as high
triglycerides, low high-density lipoprotein cholesterol levels and hypertension. These alterations
increase the risk of cardiovascular diseases.

2.1.3. Specific aims

a) To recruit 100 girls and boys aged 12-17 years, Tanner stage 5, from the shantytown
population in Sao Paulo, Brazil. Half of this population will be of normal weight and height, and the
other half will be stunted. Parents of the two groups will be group matched for height to avoid the
possibility that genetic differences might confound the results.

b) To obtain measurements in this group of: body composition by deuterium dilution, and
anthropometry (including weight, height, skinfold thicknesses, and circumferences of waist, hip and
thigh). In addition, in a sub-group of 60 subjects (30 in each group) dietary intake by 7-day dietary
records will be obtained.

c) To obtain fasting blood samples for analysis for: insulin and glucose, glycosylated hemoglobin,
glucagon, triglycerides, high-density lipoprotein cholesterol, free fatty acids and IGF-1. In addition,
salivary cortisol will be measured at nadir. In a sub-group of 60 subjects an additional collection of
blood glucose and insulin will be obtained after 30 and 120 min of a glucose load.

d) To obtain systolic and diastolic blood pressure of all subjects.

e) The results will be analyzed to determine the effect of childhood stunting on the risk of future
NIDDM and CHD.
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2.2. Relationship of those objectives to present knowledge and other similar projects at
institute or elsewhere

The project described here will substantially increase our knowledge of the role of persistent
childhood malnutrition in the promotion of obesity, NIDDM and CHD later in life, in countries
undergoing nutritional transition such as Brazil. As described in Section 1, there is a substantial work
from studies in developed countries, as well as our own research on malnutrition and obesity, to
support the belief that long-term malnutrition has a programming effect on risk of obesity, NIDDM and
CHD. However, there are no definitive studies in chronically malnourished children that have been
able to demonstrate an association between malnutrition and risk factors for NIDDM and CHD in low
income countries. To our knowledge, this project will be the first of its kind and, as such, will provide
extremely important new information on the effects of previous malnutrition in the Brazilian adults and
increasingly ageing population. The overall goal of our studies is to provide an intellectual framework
for combating malnutrition induced-NIDDM and CHD in developing countries.

3. WORK PLAN FOR FIRST YEAR

3.1. Proposed methods or techniques

3.1.1. Subjects

The subjects in this study will initially be 100 boys and girls (Tanner stage 5) aged 12-17
years, who will be recruited from the shantytown population in Sao Paulo, Brazil. The chief scientific
investigator, Dr. Sawaya, has extensive experience of conducting nutritional studies on this
impoverished population, as described above, and there should be no problem with recruiting the
required number of subjects. All the subjects will be free from acute or chronic diseases, judged by a
standard health screening involving a physical examination by a physician and screening laboratory
tests (including a CBC, urinalysis and hematocrit), and will not be taking any medications. Half of this
population will be of normal weight and height (+ 0.5 Z score of NCHS centiles), and the other half will
be stunted (-1.0 to -2.5 Z scores) but of normal weight-for-height (± 0.5 Z score of NCHS). The
groups will be matched for age, weight-for-height and body mass index. In this way, the effects of
stunting, which reflects previous chronic undernutrition will be separated from the other factors that
potentially influence the variables to be measured. The mean heights of the parents of the two groups
will be comparable, to avoid the possibility of genetic differences in body size having an influence on
the study outcome. Informed consent will be obtained from the subjects and their parents prior to the
start of the study, and the study will be submitted to the Ethical Committee of the Federal University
of Sao Paulo.

3.1.2. Protocol

The study will be conducted over the first 1.5 years of the project. Subjects will be contacted
at home and invited to participate on the study by the research coordinator. The parent's weight and
height will be measured at home and they will respond to a socio-economic questionnaire. After
screening and given consent, the subjects will have their blood pressure, anthropometric
measurements and a fasting blood sample taken in one morning at Dr Sawaya's laboratory (girls will
be studied at the follicular phase of menstrual cycle). On the same day subjects will also receive a
dose of deuterium oxide for determination of total body water. After the dose, urine will be collected
during five hours. The subjects will then receive a standard breakfast and will be taught to collect for
three consecutive days a saliva sample between 11 and 12 PM for cortisol measurements.

In another morning a sub-group of 60 subjects will be taken to Dr. Sawaya's laboratory and
after an overnight fast will have a glucose tolerance test performed. The parents of these subjects will
then be told of the need for their children to maintain constant weight and eat normally for the next
week and will be given instructions on how they can assist the research coordinator and research
assistant in the collection of dietary data during the course of the next week.

3.1.3. Body composition

Each subject will have a measurement of body composition determined in the fasting state
using deuterium oxide dilution method. For this measurement, subjects will consume an oral dose of
0.05 g/kg body weight of 2H20 diluted in 30 ml of water and rinsed with an additional 30 ml of water.
Urine specimens will be collected at baseline, and 3, 4 and 5 hours after the dose is given will be sent
to Dr. Roberts at the Human Nutrition Research Center of Aging at Tufts University in Boston,
Massachusetts, USA. Abundance of 2H dilution of the isotope doses and the urine specimens will be
prepared for 2H/^ H analysis [34] and analyzed by isotope-ratio mass spectrometry (Hydra, Europa,
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Scientific). The deuterated water data will be processed using standard equations. Fat free mass will
be calculated as the overestimation of total body water by 2H20 [35] and 0.732 is the average
hydration coefficient of fat free mass [36]. Fat mass will be calculated as the difference between body
weight and fat free mass. Although the correction factors used to determine body fat from 2H20
dilution may be object of error, there are no other factors that are definitively better and in addition
there is no reason to suppose that the factors will differ between the two groups of subjects that are
being studied.

Standard anthropometric measurements will be made in the fasting state. Each measurement
will be made in triplicate: weight on a beam balance to ± 100 g, height using a stadiometer measuring
to ± 1 mm, circumferences of the waist, hip, mid-upper arm and thigh using a tape measure reading
to + 1 mm, and skinfolds at four sites (triceps, biceps, suprailiac and subscapular) to ± 1 mm (Lange
calipers).

The measurements will be made on the left side of the body as appropriate. Dr. Sawaya has
extensive experience with making anthropometric measurements in Brazilian children and
adolescents.

3.1.4. Food intake measurements

All food and beverages consumed by a sub-group of subjects from the two groups, normal
and stunted (n = 60), will be recorded by the research coordinator and research assistant, who will
visit the homes three times per day to record weights and food types for each of the main meals and
obtain estimates of snack food consumption between meals. The research coordinator and research
assistant will use electronic scales and measuring cups to quantify amounts of each food consumed,
and macronutrient intakes will be calculated using a local food composition tables and a computer
software [37]. Dietary intake variables will be analyzed to compare values in the different groups. Dr.
Sawaya has extensive experience in the measurement of food intake in poor communities in Sao
Paulo. Funding is required only for entering food data into the computer.

3.1.5. Blood samples

A fasting blood sample of 20 ml will be collected and stored appropriately for analysis for
insulin and glucose, glycosylated hemoglobin, glucagon, triglycerides, high-density lipoprotein
cholesterol, free fatty acids and IGF-1. These analysis will be made using commercial RIA kits (Ciba-
Corning; Nichols Institute; Diagnostic Products Corporation, Roche Diagnostic Systems Inc.; ICN
Biomedical Inc.). Subjects will be instructed to collect saliva to measure cortisol levels. In addition, in
a sub-group of 60 subjects, a glucose tolerance test will be performed with collection of three blood
samples at fasted state and after 60 and 120 min. for glucose and insulin measurements. Dr. Sawaya
has extensive experience of these standard hormone assays, which she used in her Ph.D. at the
University of Cambridge as well as in subsequent studies, and will make the measurements in her
own laboratory.

3.1.6. Measurements of blood pressure

Systolic and diastolic blood pressures will be measured using an automated blood pressure
monitor in all subjects. Dr. Roberts has an extensive experience in these measurements and will
instruct the research coordinator and research assistant and help in the analysis of the results. We
are asking funds for Dr. Robert's trip to Brazil.

3.1.7. Statistical analysis

The number of subjects planned for this study (50 per group) was calculated using standard
power calculations to enable us to detect significant 15 percent group differences assuming published
information on within-group variability in the primary parameters, a 0.05 level of significant and power
of 0.80

We will use unpaired T-tests, multiple regression analysis, and graphical techniques to
explore the relationships between study groups (normal or stunted), body composition, hormone
profiles, and blood pressure. Dietary intake variables will be analyzed to compare values in the
different groups, and will also be used in multiple regression analysis so that differences in lipid and
other parameters between the groups can be assessed after accounting for possible differences in
dietary composition.
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3.2. Facilities presently available which would be used for the project

Dr. Sawaya has approximately 130 square meter of laboratory space within the Center for
Recovery of Malnutrition which is under her direct responsibility. In addition she has a nurse
technician specially trained to collect blood samples at the center. Blood analysis will then be
analyzed at the laboratory of the Endocrinology Department were Dr. Sawaya also works. At the
Center there is a collection of weighing scales for measurement of food intake. A stadiometer, Filizola
beam balance weighing scale, tape measures are available for anthropometry. There are 3 available
computers, 2 printers and an e-mail system which allows Dr. Sawaya and Dr. Roberts to
communicate.

Dr. Roberts shares the use of a Hydra, model isotope ratio mass spectrometer (Europa
Scientific) which will be used for the analysis of isotopic abundances at the Human Nutrition Research
Center on Aging at Tufts University in Boston, MA.
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