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Abstract
Objective
The objective of this study was to determine whether central fat distribution varies between children who were growth retarded as young children and normal-height children from the same impoverished communities of São Paulo, Brazil.

Methods
A prospective study of 50 stunted and normal-height children in São Paulo, Brazil was conducted in which children were measured for changes in fat mass (FM) and fat distribution (using dual-energy X-ray absorptiometry and anthropometry) and Tanner stage over a 4-y period. Statistical analyses included multiple linear regression to control for confounding factors and Student’s t test was used to estimate group differences.

Results
At follow-up, stunted children were shorter, weighed less, and had less total FM compared with control children. There were no differences between the two groups with respect to percent FM or percent truncal FM (%TrFM). Linear regression analyses were used to determine that stunted children had 1) increased TrFM (independent of FM); 2) increased %TrFM (independent of FM, gender, and Tanner stage), and 3) a borderline significantly greater change in TrFM (independent of FM, gender, and Tanner stage).

Conclusion
Stunted children are more likely to deposit fat centrally when entering puberty, a significant risk factor for chronic diseases. Our results may explain part of the association between early growth retardation and later risk for metabolic diseases.





Introduction
Currently, more than 50 million children worldwide are growth retarded or stunted, defined as height for age less than 2 standard deviations below the mean of the National Center for Health Statistics standards [1], [2]. At the same time, large epidemiologic studies have reported that children who are growth retarded in utero or early childhood have an increased risk for chronic metabolic diseases in adulthood [3], [4], [5], [6], [7], [8], [9]. The overall degree of risk appears to be dependent on the environmental conditions in which the children grow and develop given that their risk for chronic diseases is exacerbated by obesity [3], [10], [11], [12]. Because many countries that have a high prevalence of childhood stunting are also experiencing the global nutritional transition, a shift from traditional diets to Western diets high in fat and sugar, the need to understand the physiology behind their increased risk for chronic diseases is timely and important.
Generally, studies that have focused on the relation between growth retardation and disease risk have reported on the manifestation of diseases, such as hypertension or type 2 diabetes [9], [13], [14]. For example, it has been suggested that growth-retarded children are at an increased risk for impaired glucose tolerance, vascular elasticity, or hypertension [13], [14], [15]. However, these studies have used the disease as the final outcome, rather than factors that may mediate disease risk and be part of the causal pathway. Therefore, the need to study phenotypic differences between growth-retarded children and healthy peers is needed to improve our understanding of disease development in these children. There has been some suggestion that growth-retarded children are more likely to have increased central body fat compared with normal-height children [3], [16], a key factor in the development of syndrome X [17], [18]. Unfortunately, relatively few studies have used advanced body composition techniques, such as that which we used in this study, to investigate changes in body composition and few have studied this question using longitudinal data.
Central fat mass (FM) is of particular interest given the numerous studies that have suggested that central adiposity, quantified by magnetic resonance imaging or computer tomography, is one of the primary body composition components that predicts metabolic disorders and chronic disease [19], [20], [21]. Reports on body fat distribution and stunting are fairly consistent, despite the fact that different methods have been used in different cohorts [3], [16], [22], [23]. Previous reports from a large cohort in Guatemala have suggested that adults who were stunted as adolescents are more likely to have central and upper body fatness as assessed using anthropometric measurements [3]. One study in a developed country has reported that adolescents who were born small for gestational age have increased truncal FM (TrFM), even when adjusted for total body fat and pubertal stage [24]. Studies of the Hertfordshire Cohort have reported a similar relation with low birth weight being negatively associated with measurements of central adiposity [25], [26], [27]. Thus, it appears as though energy restriction during key periods of development, in utero or during early childhood, may predispose some individuals to increased central FM when energy availability is adequate, placing them at a higher risk for chronic diseases.
Of particular concern is whether or not increased central adiposity, assessed using a precise body composition, is found in stunted children from a transitional country. Given the high economic costs of hosting a large population of persons with chronic diseases, those who require daily treatment, it is imperative that we improve our understanding of the long-term changes in body composition after undernutrition. Thus, established changes in body fat distribution, one of the strongest risk factors for metabolic diseases, in a cohort from a developing, rather than a developed, nation is important and necessary from scientific and public health perspectives. Changes in body FM and lean body mass, but not distribution, in this cohort were reported previously [28]. Thus, the objective of this study was to expand our analysis of body composition, in general, and changes in body fat distribution; specifically, for children who were growth retarded compared with normal-height children from the same impoverished shantytowns of São Paulo, Brazil.



Section snippets
Subjects
The children who participated in this longitudinal study were initially part of a cross-sectional study on energy expenditure and growth retardation [29]. Attempts were made to maintain this cohort, but several children were lost during the 4-y period after the baseline measurements. Reasons for loss to follow-up varied but were generally due to a child’s family leaving the shantytown or returning to the parents’ region of origin. There were no differences between those who were left in the
Results
In terms of physical characteristics (Table 1), as would be expected by the design of this study, stunted children were shorter and weighed less than the control children. There were no differences in terms of age or body mass index percentile. Results from the follow-up period show that the stunted children appeared to gain more percent body fat and less percent lean body mass compared with the control children.
With regard to body composition and body fat distribution (Table 2), at follow-up
Discussion
The relation between growth retardation and adult chronic diseases has been studied in several large epidemiologic studies [7], [9], [13], [36], [37]. However, a mechanism to explain this association is lacking due to a relative scarcity of data that supports any clear physiologic link between growth retardation and adult chronic disease. Recently, it has been suggested that children who experienced growth retardation in utero or during early childhood deposit more fat centrally compared with
Conclusion
Based on the results of this study, we conclude that stunted children have a higher percent TrFM compared to non-stunted peers, even when controlling for puberty and FM. In addition, there was a trend for a greater increase in TrFM stunted children when controlling for total FM. These data provide additional support for the hypothesis that growth retardation early in life may predispose individuals to chronic diseases later in life.
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Show abstract
Early growth and body composition may influence the risk of obesity and health in adulthood. Few studies have examined how undernutrition is associated with body composition in early life.
We assessed stunting and wasting as correlates of body composition in young Kenyan children.
Nested in a randomized controlled nutrition trial, this longitudinal study assessed fat and fat-free mass (FM, FFM) using deuterium dilution technique among children at age 6 and 15 months. This trial was registered at http://controlled-trials.com/ (ISRCTN30012997). Cross-sectional and longitudinal associations between z-score categories of length-for-age (LAZ) or weight-for-length (WLZ) and FM, FFM, fat mass index (FMI), fat-free mass index (FFMI), triceps, and subscapular skinfolds were analyzed by linear mixed models.
Among the 499 children enrolled, breastfeeding declined from 99% to 87%, stunting increased from 13% to 32%, and wasting remained at 2% to 3% between 6 and 15 mo. Compared with LAZ >0, stunted children had a 1.12 kg (95% CI: 0.88, 1.36; P < 0.001) lower FFM at 6 mo and increased to 1.59 kg (95% CI: 1.25, 1.94; P < 0.001) at 15 mo, corresponding to differences of 18% and 17%, respectively. When analyzing FFMI, the deficit in FFM tended to be less than proportional to children’s height at 6 mo (P ≤ 0.060) but not at 15 mo (P > 0.40). Stunting was associated with 0.28 kg (95% CI: 0.09, 0.47; P = 0.004) lower FM at 6 mo. However, this association was not significant at 15 mo, and stunting was not associated with FMI at any time point. A lower WLZ was generally associated with lower FM, FFM, FMI, and FFMI at 6 and 15 mo. Differences in FFM, but not FM, increased with time, whereas FFMI differences did not change, and FMI differences generally decreased with time.
Overall, low LAZ and WLZ among young Kenyan children were associated with reduced lean tissue, which may have long-term health consequences.




	Association between phase angle and height-to-age index classifications of children under five years of age
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Show abstract
The phase angle (PA) has been used as an indicator of prognosis and nutritional status because it reflects the integrity of the individuals' cellular function. In contrast to the investigations that assessed acute malnutrition (weight deficit) and PA in children, studies that evaluated the relationship of this indicator with stunting (height deficit) are still scarce and inconclusive. Thus, we aim to investigate whether there are differences in PA according to the classifications of the height-for-age (H/A) index of children under five years of age.
This is a cross-sectional study carried out in a nutritional recovery center, in households, and in a daycare center in Maceió-Alagoas, Brazil. Anthropometric data were collected, and resistance and reactance were obtained through the use of tetrapolar electrical bioimpedance, from children aged 2–5 years. The PA and the percentage of body fat were calculated. Children were divided into 3 groups: adequate H/A, at-risk of stunting and stunted. Analysis of covariance for the main outcome was performed using age, sex, and the body mass index-to-age as covariates, and the H/A classification as the exposure.
The mean children's PA in the adequate H/A group was 3.9° [95% CI 3.6–4.2], while in the group at-risk of stunting and stunted it was 4.5° [95% CI 4.3–4.7] and 4.6° [95% CI 4.4–4.8], respectively, showing statistical difference (p < 0.01).
In the present sample, stunted children have higher PA values than children with adequate H/A.




	Early Life Adversity with Height Stunting Is Associated with Cardiometabolic Risk in Adolescents Independent of Body Mass Index
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Show abstract
To evaluate cardiovascular and metabolic function in youths adopted internationally from orphanages/institutions (postinstitutionalized) who were height-stunted at adoption.
A total of 30 postinstitutionalized youths (age, 9-18 years; body mass index [BMI] percentile, 7.2-90.4) who were height-stunted at adoption were compared with age- and BMI percentile-matched youths (n = 90). Measurements included total body fat and visceral adipose tissue (dual radiograph absorptiometry), arterial stiffness (augmentation index and pulse wave velocity), cardiac autonomic function (heart rate variability), blood pressure, and fasting lipid, glucose, and insulin levels. Linear regression analyses were computed controlling for parent education, age, trunk tissue fat, height-for-age, sex, and race.
Compared with controls of the same age, sex, and BMI, the postinstitutionalized children had higher systolic blood pressure (P = .018), augmentation index (P = .033), total cholesterol (P = .047), low-density lipoprotein cholesterol (P = .03), triglycerides (P = .048), insulin (P = .005), and HOMA-IR (P = .01) values. The postinstitutionalized children had a lower low-frequency to high-frequency ratio (P = .008), indicating lower sympathetic tone, as well as a lower total lean mass (P = .016), a lower gynoid lean mass (P = .039), and a higher proportion of trunk tissue fat (P = .017). The postinstitutionalized and control children did not differ in any other body composition measures.
Early life stress, as represented by height-stunted growth in institutional care, may be associated with early pathways to cardiovascular and metabolic risk in youths even after moving into well-resourced homes early in life and in the absence of increased adiposity. These findings suggest that postinstitutionalized youths with a history of height stunting may need to be closely monitored for emergent cardiometabolic risk factors.
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