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Abstract

Background- Previous studies by us and others have shown higher energy conservation mechanisms in
marginally stunted Brazilian children such as, lower resting energy expenditure, lower fat oxidation,
higher susceptibility to gain weight-for-height associated with a higher prevalence of stunted - obese
subjects.
Hypothesis: previous malnutrition asjudged by height-for-age could be associated with alterations in fat
patterning, circulating hormones such as insulin and IGF-1. In addition, previous malnutrition could be
also associated with alterations in plasma lipid profiles, such as high triglycerides, low high-density
lipoprotein cholesterol levels and hypertension.
Sample and Methods: We recruited a population of 58 girls and boys with 11-14 y of age from the
shantytown population in Sdo Paulo, Brazil. Half of this population was of normal weight and height,
and the other ha�f was stunted. More than 300 children from to 11 years old were screened to
participate in the study and were eligible if they had weight-for-height Z scores (WHZ) of 2 to 2
according to the IVCHS standards. Children recruitedfor the stunted group (n=28) had height-for-age
(HAZ) 5-1.5 Z score and thosefor the non-st-untedgroup (n=30) hadH4Z >1.50. In addition, the two
groups were selectively recruited to assure group similarities in mean age and WH. General
anthropome0y, blood samplingforfasting insulin, glucose, glycosylated hemoglobin, triglycerides, high-
density lipoprotein cholesterol, low-density cholesterol and IGF-1 were made as -well as bloodpressure.
Results: Ninety two percent of the population had low values of IGF-1 indicating impaired growth.
Stunted boys and girls had delayed pubertal stages. Lower fasting insulin levels and lower beta cell
production according to HAM analysis in comparison to non-stunted children were found, after
adjustment for differences in pubertal stages. In addition, a positive association was found between
fasting insulin with age for the stunted group. Body mass index was positively associated with fasting
insulin, Homa-beta cell production and HOAM-insulin sensitivity in both nutritional groups. Almost all
children showed diastolic blood pressure values above the e percentile and 41 % of boys and 28 of
girls had their values above the 90'hpercentile, indicating important alterations according to the
reference curve adjusted by stature.
Conclusions: these preliminmy results indicate that both the stunted and non-stunted boys and girls had
impairment in growth as seen by the 1GF-1 levels. Therefore, it seems that living in shantytowns, as all
these children do, may impair growth potential. In addition the present stunted children showed a series
of metabolic alterations in comparison to non-stunted ones, as seen by lowerfasting insulin, lower Beta-
cell production. On the other hand, diastolic blood pressure was high for the majority of the study
population.

Working Progress:
• To continue the measurements ofhormonalparameters (salivary cortisol, thyroid hormones)
• To continue the analysis ofbody composition
• To compare results ofbody composition with carbohydrate and ipidprofile and bloodpressure

Future Plan:
• To do the follow-up analysis comparing weight and percent offat gain between stunting and

non-stunting groups
• To include another group of children who had caught-up in height after nutritional intervention
• To compare energy expenditure at baseline by doubly labeled water method with weight and

percent offat gain among the stunted and non-stunted groups.

Main Findings:
Whole sample in comparison to reference curves:
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• Lower 1GF-1 levels 92% of the children)
• Higher diastolic bloodpressure (I 00% of the children above e and 41 % of boys and 28 of

girls above 901h)

• Differences between stunting and non-stunting groups:
• Stunted children had delayed Tanner stages;
• Lowerfasting insulin;
• Lower Beta cellproduction;

Implications:
• Living in shantytowns in the city ofSao Paulo impairs growth
• Hghprevalenceofhighdiastolicbloodpressureinpoorkidswasfotind
• Stunted children showed alterations in insulin profile indicating impairment in Beta cell

production and lower insulin levels.

-7sotopic Techniques used:
• Radioinimunoassay
• Doubly Labeled Water
• DEXA

1. INTRODUCTION

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

More specifically, previous malnutrition as judged by height-for-age could be associated with
alterations in fat patterning, circulating hormones such as insulin and IGF-1. In addition,
previous malnutrition could be also associated with alterations in plasma lipid profiles, such
as high triglycerides, low high-density lipoprotein cholesterol levels and hypertension.

The objective of the present research was then to define the extent of altered glucose,
lipoprotein metabolism and blood pressure in a population of stunted Brazilian children in
comparison to never-malnourished children.

2. DESCRIPTION OF TE RESEARCH CARRIED OUT

We recruited a population of 58 girls and boys with 8-11 months of age from the shantytown
population in Sao Paulo, Brazil. Half of this population was of normal weight and height, and
the other half was stunted. More than 300 children from to I I years old were screened to
participate in the study and were eligible if they had weight-for-height Z scores (van) of 2
to 2 according to the NCHS standards. Children recruited for the stunted group (n--28) had
height-for-age (HAZ) <-1.5 Z score and those for the non-stunted group (n730) had HAZ >-
1.50. In addition, the two groups were selectively recruited to assure group similarities in
mean age and VVII Wile it was not possible to match stunted and control children for
parental height and weight, these values were measured in all families where the biological
parents lived with the children, and there were no differences between the groups in parental
height or body mass index (BMI) as shown previously.

All subjects were free from acute or chronic diseases, judged by a standard health screening
involving a physical examination by a physician (Dr. Teresa Bechere Fernandes) and
screening laboratory tests (including a CBC, urinalysis and hematocrit), and were not be
taking any medication. Informed consent was obtained from the subjects and their parents
prior to the start of the study, and the study was approved by the Ethical Committee of the
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Federal University of Sdo Paulo.

3. PROTOCOL

Initially, subjects were contacted at home an invited to participated on the study by the
Research Coordinator. The parent's weight and height were measured at home and they
responded to a socioeconomic questionnaire (data not shown). After screening and given
consent, the subjects had their anthropometric measurements (including weight, height and
circumferences of waist, hip and thigh) and a fasting blood sample taken in one morning at
the laboratory.

4. ANTHROPOMETRIC MEASUREMENTS

Anthropometric measurements were made in the fasting state. Each measurement was made
in triplicate: weight on a beam balance to ± 100 g, height using a stadiometer measuring to
1 mm, circumferences of the waist, hip using a tape measuring reading to ± I mm.

5. BLOOD SAWLES

A fasting blood sample of 20 ml was collected and stored appropriately for analysis for
insulin and glucose, glycosylated haemoglobin, triglycerides, high-density lipoprotein
cholesterol, low -density cholesterol, and IGF-1, in 46 children who allowed blood to be
drawn. The blood analysis were made using commercial RIA kits (Ciba-Coming; Nichols
Institute- Diagnostic Products Corporation, Roche Diagnostic Systems Inc.- ICN Biomedical
Inc.).

6. BLOOD PRESSURE

Measurements of systolic and diastolic blood pressure were performed in all the subjects with
a standard clinical sphygmomanometer (TYCOS), using the stetoscope placed over the
brachial artery pulse, proximal and medial to the cubital fossa and below the bottom edge of
the cuff. Correct measurement of BP in children requires the use of a cuff that is appropriate
to the size of the child's upper right arm. The cuff used was placed around the arm
circumference between the olecranon and the acromion. The cuff covered 80 to 100% of the
circumference of the arm. Subjects were seated with the cubital fossa supported at heart level
and rested 10 inutes before measurements, that were made 3 times with minutes between
them. Systolic blood pressure was determinated by the first Korotkoff sound and diastolic
blood pressure by the fifth Korotkoff sound or disappearance of sounds.

7.RESULTS

Table I shows the characteristics of the subjects. The groups were significantly different in
terms of height-for -age, weight-for-age with similar weight-for-height. Body Mass Index was
lower in stunted boys in comparison to non-stunted ones.

Most children were in the middle of the pubertal development. The majority of stunted
children were at an earlier Tanner stage on average, in comparison to non stunted ones (Table
2).

Table 3 shows the lipid profile among the two nutritional groups. No differences on average
were found in Cholesterol, HDL, LDL and trygliceride levels between the two groups.
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We used HOMA (Homeostasis Model Assessment) to evaluate in vivo insulin production and
sensitivity. Table 4 shows the results among the two nutritional groups adjusted by
differences in pubertal stages. Stunted children showed lower blood insulin levels and lower
HOMA B score. These results indicate important alterations on the carbohydrate profile in the
stunted children.

Table shows mean values for diastolic and systolic blood pressure among the two nutritional
groups. Stunted children had significantly lower systolic blood pressure than non-stunted
ones. However these differences disappear after adjustment for pubertal stages and stature.
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TABLE 1 - CHARACTERISTICS OF SUBJECTS

Non stunted Stunted

Boys Girls Boys Girls
(n--15) (n=17) (n 7- 2 (n-- 9)

Age (months) 13.27 ± 144 12.98 1.20 13.02 ± 127 13.19 ± 1.15

Weight (kg) 45.02 ± 883 46.44 10.97 33.30 6.39** 35.91 6.36**

Height m)- 156.3 ± 10.6 153.7 7.9 140.4 7.7** 142.6 7.6**

BNH kg/m�) 18.23 179 19.46 3.09 16.77 1.85* 17.56 1.99

i-iAz2 0.01 ± 146 -0.29 0.76 -2.00 0.66** -2.09 0.52**

WAZ 3 -0.21 ± 093 1 -0.77 0.89 -1.66 0.74** -1.43 0.47* *

HAPM4 99.9 72 98.7 3.2 89.8 3.6** 90.9 2.6**

WAPM� 99.3 19.4 101.2 19.3 73.7 11.4** 76.6 8.1**

WHpM6 99.6 8.9 103.1 13.8 99.2 9.8 101.3 10.9
Values expressed as mean ± SD

Significantly different from Non stunted Group (p<0,05)
* Significantly different from Non stunted Group (p<O, 00 1)

'2 Height-for-age in Z scores
3 Weight-for-age in Z scores
4 Height-for-age in percent of median
5 Weight-for-age in percent of median
6 Weight-for-height in percent of median

33



TABLE 2 - PERCENT OF CULDREN ACCORDING TO PUBERTAL STAGES

Boys

Tanner Non stunted Stunted Tanner Non stunted Stunted

Pi 0.0 8.3 GI 0.0 8.3

P2 0.0 41.7 G2 7.7 41.7

P3 30.8 33.3 G3 23.1 25.0

P4 46.2 16.7 G4 46.2 25.0

P5 23.1 0.0 G5 23.1 0.0

Girls

Tanner Non stunted Stunted Tanner Non stunted Stunted

ml 5.9 11.1 Pi 5.9 0.0
M2 11.8 33.3 P2 11.8 44.4
M3 5.9 22.2 P3 0.0 22.2
M4 5.9 33.3 P4 70.6 33.3
M5 11.8 0.0 P5 11.8 0.0

TABLE 3 - LIPID PROFILE

Non-stunted Stunted

Boys Girls Boys Girls
15) (n-- 7) (n-- 2) (n-- 9)

Cholesterol mg/dl) 139.2 ± 30.1 136.6 + 18.1 144.4 + i8.9 135.6 + 15.7

HDL (mg/dl) 47.6 ± 10.1 40.8 + 91 51.1 11.2 47.0 ± 11.5

VLDL (mg/di) 13.9 ± 41 14.4 6.1 12.0 4.6 11.9 35

LDL (mg/dl) 77. + 29.0 81.3 17.2 81.3 18.2 77.1 ± 13.9

Triglyceride (mg/dl) 69.7 ± 20.9 72.2 30.8 60.2 23.4 59.8 ± 17.5

Values expressed as mean ± SD
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TABLE 4 - CARBOHYDRATE PROFILE

Non-stunted Stunted

(n730) (n=20)

.Glucose (nmol/1) 4.45 0.34 (3.7 to 5. 1) 4.36 0.29 (3.8 to 48)

-Insulin (pmol/1) 59.16 ±31.66 (20.8tol55.0) 32.08 15.51* (0 I to 7.4)

-Glucosylated Hemoglobin 4.9 0.4 (4.0 to 5.8) 4.9 0.3 (4.3 to 5.5)

HOMA S score 1.97 0.23 1 1.48 to 237) 1 218 0 19 0.90 to 25 0)

-HOMA P score 2.11 0 14 1 (1.8 8 to 240) 1 197 0 I I (1.79 to 218)

Values are means±SD (range)
Sianificantly different from non-stunted roup (p<0.05) after adjustment for pubertal stages

TABLE 5 - BLOOD PRESSURE

Non-stunted Stunted

Boys Girls Boys Girls
(n-- 4) (n-- 1 5) (n= 3 (n=1 1)

Systolic Blood
Pressure (mmHg) 111.2 7.3 110.6 ± 78 102.2 ± 84 103.1 ± 85*

Diastolic Blood
,Pressure (mmHg) 77.0 6.4 77.2 ± 5.5 73.7 ± 64 74.1 ± 68
Values expressed as mean ± SD
*Significantly different from non-stunted Group (p<0.05). After adjustment of pubertal
stages and stature difference disappears.

In addition, some interesting results were found in relation to standard distribution curves.
Figures I and 2 show the blood IGF-1 levels in boys and girls according to reference curves.
With exception of few non-stunted children, almost all the study population 92%) were
below the 5P' percentile. This means that the shantytown population studied was likely to
have impaired growth potential due to adverse life conditions and this finding corroborates
with the negative Z scores means for weight and height (Table ).

In general, stunted boys and girls showed lower levels of systolic blood pressure than non-
stunted ones but differences disappear after adjustments in Tanner stages and stature (Table 
and Figures 3 and 4 Almost all children showed diastolic blood pressure values above the
50th percentile 12] and 41% of boys and 28% of girls had their values above the e
percentile, indicating important alterations according to the normal curve (Figures and 6.

Blood insulin levels were positively associated with age in stunted children but not in non-
stunted ones (Figure 7 Older stunted children had higher insulin levels. In addition insulin
levels were positively associated with BNH for the entire population (Figure 8).
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In the present study, we found other interesting results using the HOMA method to calculate
beta cell production and insulin sensitity in relation to nutritional status. BNE was positively
associated with Beta cell production but negatively associated with insulin sensitivity (Figures
9 and IO).

In conclusion, these preliminary results indicate that both the stunted and non stunted boys
and girls had impairment in growth as seen by the IGF-1 levels. Therefore, it seems that living
in shantytowns, as all these children do, may impair growth potential. In addition the present
stunted children showed a series of metabolical alterations in comparison to non-stunted ones,
as seen by lower fasting insulin, lower Beta-cell production. On the other hand, diastolic
blood pressure was high for the majority of the study population.
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FIG 1: Distribution of log-transformed IGF-I levels according to age ofstunted and non-stunted girls-
The line corresponds to the 50'h percentile of the reference curve.
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FIG 2; Distribution oflog-transformed IGF-l levels according to age ofstunted and non-stunted boys.
The line corresponds to the 50'h percentile of the reference curve.
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FIG 3 Percentile distribution OfSystolic Blood Pressure according to age of stunted and non-stunted
girls.
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FIG 4: Percentile distribution of Systolic Blood Pressure according to age of stunted and non-stunted
boys.
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Diastolic Blood Pressure (mmHg)
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FIG 5: Percentile distribution of Diastolic Blood Pressure according to age of stunted and non-
stunted girls.
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FIG 6 Percentile distribution of Diastolic Blood Pressure according to age of stunted and non-
stunted boys.
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FIG 7 Simple correlation between age and fasting insulin of stunted and non-stunted children. R
square and P values are shown.
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FIG 8: Simple correlation between BM and fasting insulin of stunted and non-stunted children. R
square and P values are shown.
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HOMA score
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FIG 9 Simple correlation between BMI and HOM4 score of stunted and non-stunted children. R
square and P values are shown.
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HOMA score
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square and P values are shown.
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