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Abstract: Increasing the fiber content of childrens' diets may help control childhood obesity. The prevalence of childhood obesity appears to be growing in the US. Obesity may be linked to genetic factors, diet, and lack of exercise. Obesity is rare in developing countries, where a large proportion of the diet is vegetable foods high in fiber. This suggests a link between such foods and obesity prevention, although many other factors such as low fat content, inadequate calories, and increased activity may be involved. Nonetheless, fiber-rich foods generally supply fewer calories and speed transit time through the digestive tract, and water-soluble fiber blunts the insulin response to carbohydrates. Also, fiber-rich diets tend to be carbohydrate-rich and low in fat. Increasing dietary fiber in children's diets could therefore be a preventative measure, and while evidence is inconclusive, some studies have shown modest benefits for using dietary fiber in treating childhood obesity. 
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Childhood obesity is viewed as a public health problem in the United States because of its assumed high prevalence and increasing secular trend. The best estimate of the genetic contribution to obesity ranges from 5% to 25%. Environmental factors play a major role in obesity development. Low income and a low level of education have been associated with obesity, particularly among white women. Caloric intake as a risk factor for obesity has not been clearly established. This lack of a clear-cut association may be attributable to the problem of accurately measuring caloric intake. Several studies have linked increased total fat intake, rather than caloric intake, with obesity. Some studies have linked television viewing to obesity in children. Obesity is rare among the populations of developing countries, where dietary fiber intake is high. Explanations for the role of dietary fiber in obesity include a reduced caloric density of the foods, a slower rate of food ingestion, and possible effects on satiety. Most studies on the role of fiber in the treatment of obesity have been somewhat limited by lack of comparison groups, inadequate sample sizes, and short durations of the observations. However, although limited, the available evidence suggests that fiber potentially could play a useful role in weight reduction. For children, fiber administration should be considered as an adjuvant therapy rather than a primary modality, because fiber might aid in promoting satiety during meals and curbing hunger between meals. More research is needed, however, to assess further the efficacy of high-fiber diets in the treatment of childhood obesity. For now, however, increasing dietary fiber as a part of a health-promoting dietary pattern presents an attractive public health possibility as a means for prevention of chronic diseases. Preventing childhood obesity could be a part of the health benefit resulting from a population-based recommendation for optimal fiber intake. Pediatrics 1995;96:1010-1014; childhood obesity, dietary fiber, obesity treatment. 
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ABBREVIATIONS. BMI, body mass index; NGHS, National Heart, Lung, and Blood Institute Growth and Health Study. 

This article examines the epidemiology of childhood obesity, including its determinants, with a focus on the possible role that dietary fiber may play in its amelioration and prevention. Public health policy and research recommendations regarding the role of dietary fiber and childhood obesity are also discussed. 

EPIDEMIOLOGY OF CHILDHOOD OBESITY IN THE UNITED STATES 

Magnitude of the Problem 

Although it is popularly thought that the prevalence of obesity is high in the United States, a population-based estimate of obesity occurrence has not been clearly established. Because obesity means excessive fatness, a cut point defining what level of fatness is "excessive" is obviously critical to any effort at establishing population-based estimates for children. In adults, the traditionally used definition of percent of "ideal body weight" is derived from actuarial data based on the mortality outcome of a large cohort of insured subjects.[1] Obesity in adults is traditionally defined as greater than 120% of ideal body weight using the Metropolitan Life Insurance reference standards, with the implication that weight for height above this cut point increases the risk of early mortality. However, a similar basis for a cut point definition in children is neither realistic nor appropriate, because mortality from chronic diseases is not an immediate health concern. A commonly accepted definition of overweight is being at or above the 85th percentile for body mass index (BMI, defined as weight in kilograms divided by height in meters, squared), based on a population reference.[2] One widely used reference is the pediatric data from the Second National Health and Nutrition Examination Survey, which is a survey using a national probability sample of the US population, including children.[3,4] At least on a theoretical basis, one can surmise that the overall prevalence of obesity in children in the United States should be 15%, ie, those children above (the arbitrary 85th percentile cut point based on BMI. Although the overall prevalence of childhood obesity can be estimated at 15%, it is important to note that there are variations among ethnic groups and between boys and girls. For example, prepubescent African-American girls are not heavier on average, but racial differences in obesity increase during adolescence, and by 18 to 20 years, African-American women are more obese, according to the BMI-based cut point[2,5,6] see "Population Distribution"). 

Secular Trend 

There has been a general trend toward an increased prevalence of overweight among US adults during the past three decades.[7] It is commonly thought that the prevalence of childhood obesity has been increasing as well, by as much as a 54% increase from 1965 to 1980.[8] However, the basis for this observation has been questioned, because the authors based their estimate on skinfold measures at one site, ie, triceps, instead using multiple skinfolds to accommodate variation in body fat distribution among people or of using BMI.[9] When more current national survey information, eg, the Third National Health and Nutrition Examination Survey, becomes available within the next few years, a better estimate could be derived of the time trends in childhood obesity during the past several decades. Data from the Bogalusa Heart Study have provided us with an indication that at least in the area surrounding Franklinton, LA, there has been a secular increase in childhood obesity in recent years.[10] 

Population Distribution 

There are certain population groups, that may be more susceptible to obesity, as evidenced by their higher prevalence rates of obesity. In the United States, obesity is more commonly found among minority population groups, particularly among women, and there is some indication that this trend has been increasing during the past two decides.[2] Higher prevalence rates of obesity are usually seen among adolescent Native American and Hispanic girls.[11] Also, the proportion of overweight Cuban-American children and adolescents is higher than that for non-Hispanic white children.[2] Throughout all age ranges and across all Hispanic groups, Hispanic females have a higher prevalence of overweight and obesity than do Hispanic males.[12] In the United States, the population group with a particularly high prevalence of obesity is African-American women, with an overall prevalence rate of 49.1% compared with 31.8% among African-American men.[7] 

DETERMINANTS OF CHILDHOOD OBESITY 

To help understand how these patterns of obesity may have evolved and to develop potential prevention strategies, the determinants of childhood obesity are reviewed. 

Genetic Versus Environmental Factors 

Familial aggregation of obesity has been observed in humans.[13] However, it is difficult to separate the contribution of genetic factors and that of shared environmental factors. Despite recent developments in genetic research, an "obesity" gene still remains an elusive entity. The best estimate of a genetic contribution to obesity is assumed to be in the range of 5% to 25%, whereas cultural transmission is estimated to be 30%.[14,15] Taken as a whole, the current available evidence indicates a major role of the environment in obesity development. 

Environmental Correlates in Obesity Development 

In the United States and other western countries, a person's socioeconomic status seems to be linked to the risk of obesity. There is an inverse relationship between socioeconomic status, as measured by income and education levels, and obesity.[16-19] These associations are particularly notable among white women. In children, this inverse association between socioeconomic status and obesity is not consistent among studies.[16] 

Although many studies have attempted to find a link between dietary factors and obesity, total caloric intake as a risk factor for obesity has not yet been clearly established. Total fat intake, however, has been associated with obesity.[20-22] Fat is the most calorically dense macronutrient. The association between dietary fat and obesity may be attributable in part to certain dietary assessment methods used, usually self-reports, which may quantify dietary fat better than they can estimate total caloric intake. A biological mechanism inherent to dietary fat consumption in obesity development, however, cannot be ruled out at present. 

Finally, cross-sectional data linking physical inactivity with obesity in children have been inconclusive.[20,23-25] In general, television viewing has been associated with childhood obesity, although not all reports have shown a consistently positive association.[20,26-31] Television viewing has been regarded as a surrogate measure of physical inactivity and/or increased snacking. A report by Klesges et al[29] suggested that television watching lowered resting metabolic rates in children, thereby offering another explanation for the effect of television viewing on obesity development. However, until the nature of this association is further elucidated, television viewing should be considered a marker of physical inactivity as well as of other behavioral factors heretofore unidentified, which in turn may be linked to obesity in children. The association may not necessarily be causal, in that television watching might be merely a part of the behavioral profile of an obese child. Longitudinal data are needed to examine further the time sequence of obesity development as a function of television watching. 

DIETARY FIBER AND OBESITY DEVELOPMENT 

A possible inverse correlation between fiber intake and obesity occurrence has been inferred from the observation that obesity is rare among the populations of developing countries where a high proportion of dietary calories is consumed as starchy carbohydrates replete with fiber.[32] Additional evidence for the hypothesized association between the amount of fiber in the diet and obesity risk is drawn from the observation that, in Western countries with decreased fiber content in their modern diets, an increased prevalence of obesity has been observed.[32] This type of correlation is, at best, a rudimentary hypothesis regarding dietary fiber and obesity, because there are many other mitigating factors present in the Third World, such as inadequate caloric intake and high energy expenditure in the form of manual labor. Similarly, the Western diet in modem days bad higher fat content along with the low fiber content, and people are also more sedentary. 

Several explanations for the role of dietary fiber in obesity development have been proposed.33 They involve putative effects of fiber on: (1) food intake; (2) digestion and absorption of nutrients, especially energy; and (3) carbohydrate metabolism. First, a fiber-rich diet has, in general, reduced caloric density compared with a high-fat diet. This is basically related to the overall bulk of the diet, because a high-fiber diet is greater in bulk than a high-fat diet per unit of food consumed, and thus, one might be more apt to feel full with less consumption of calories. Hence, satiety is reached with less caloric consumption. The underlying assumption is that there is a mechanical threshold for gastric and intestinal capacity. Additionally, foods rich in dietary fiber modify certain eating behaviors, because fiber-rich foods require more chewing and take longer to eat. The longer chewing time may then trigger different signals, including satiety. One of the popular behavioral approaches to weight management is to slow the rate of food ingestion at meals. Additionally, the slower rate of gastric emptying associated with fiber-rich food ingestion may reduce hunger and prolong the feeling of fullness. 

The second explanation proposes that a high-fiber diet has a negative effect on metabolized energy. It has been reported that the digestibility of protein and carbohydrate, but not fat, is significantly reduced with a high-fiber diet.[34] The authors speculated that increased bulk could be speeding transit time and, therefore, be allowing less time for digestion and absorption. Increases of fecal energy as a function of increased dietary fiber have also been reported by Farrer et al[35] and Kelsay et al.[36] 

The third proposed explanation for how fiber affects obesity involves a possible physiologic mechanism in that foods rich in soluble fiber modulate insulin response to the ingested carbohydrate, resulting in a flattening of postprandial glucose and insulin responses.[37] Decreasing serum levels of insulin may have a further impact on satiety, because insulin is an appetite stimulant. 

Although these three proposed explanations are plausible hypotheses, some of which are supported by data from human and animal studies, there is as yet no definitive scientific evidence favoring one over another. 

There is a virtual absence of published information on the association between a low-fiber diet and the increased risk of obesity development in children. Based on a preliminary analysis of the baseline data from a large-scale longitudinal study, there is some empirical evidence that dietary fiber might be involved in obesity occurrence in children. This information is derived from an epidemiologic study of obesity development in 9- and 10-year-old black and white children, the National Heart, Lung, and Blood Institute Growth and Health Study (NGHS) (S. Y. S. Kimm and B. A. Barton, unpublished data). There was a suggestion that girls in the upper quartile of adiposity, as assessed by the sum of three skinfolds (triceps, subscapular, and suprailiac sites), tended to consume slightly less dietary fiber than did girls in the lowest quartile of adiposity. However, when data were further analyzed with a multivariate model, there was no statistically significant effect of fiber. Instead, dietary carbohydrate as a percentage of total calories was a significant predictor, as was race (ie, black girls being at a greater risk for obesity) among the predictor variables of race, fiber, total calories, total fat, and carbohydrate as percentages of caloric intake. One reason that dietary fiber was not a significant predictor might be because fiber might have been subsumed under carbohydrate intake. Not surprisingly, dietary fiber and carbohydrate intakes were significantly correlated (r = .26; P < .001) (S. Y. S. Kimm and B. A. Barton, unpublished data). Conversely, there was a strong negative correlation between dietary fiber and dietary fat intake (r = -.30; P < .001). Hence, it is not possible to infer from the information provided by the baseline NGHS data whether a high-fiber diet is associated with a decreased risk of childhood obesity, because the carbohydrate content and fiber were so highly correlated. On the other hand, a high-carbohydrate diet, which is almost invariably accompanied by a high fiber content and conversely with lower fat, does seem to be associated with a decreased risk of childhood obesity. 

The above NGHS data provide insight into interpreting the previously mentioned epidemiologic information; the association between low dietary fiber intake and a higher prevalence of obesity may be confounded by the concomitantly high intake of dietary fat, which may lead to higher overall energy intake. 

DIETARY FIBER IN THE TREATMENT OF OBESITY 

At present, the available scientific evidence is inconclusive regarding a therapeutic role of dietary fiber in the clinical treatment of obesity, because of methodologic problems with many of the reported studies. Many studies were not controlled studies, and without appropriate comparison, satisfactory conclusions cannot be drawn. Many studies also had small sample sizes and were underpowered to detect effect. Hence, negative results in published reports may not in fact be sine qua non for a null effect of dietary fiber in obesity treatment. Other problems with the studies on fiber and weight reduction include inattention to the overall caloric content of the diet relative to the subject's degree of adiposity, the relatively short duration of observation, and possibly an inadequate amount of fiber prescribed. A metaanalysis of published controlled trials could be useful in aggregating data from these studies to examine the effect of dietary fiber on weight reduction. However, a major problem in pooling the available data is that the studies used different types of fiber and different modes of administration, ie, via fiber-rich foods or via supplements. Another barrier to metaanalysis is the heterogeneity of the subjects participating in the study relative to their obesity status. 

Table 1 summarizes the salient features of some of the major controlled trials of the effects of increasing dietary fiber on body weight.[38-47] In general, despite the caveats stated above, with many of the studies in this area, there is a suggestion that dietary fiber has a beneficial effect on weight reduction. However, the magnitude of the effect is relatively small--at most, approximately a 2-kg difference between the fiber group and the control group at the end of the trial, which was, in general, of relatively short duration. The effect could have been enhanced in some of these trials had the overall energy content been reduced to be more consonant with a weight-reducing regimen. A review by Stevens[48] also concludes that, although most of the studies of the effect of dietary fiber on weight reduction were problematic because of lack of comparison groups and other methodologic problems such as described above, dietary fiber nevertheless may have an effect. 

[TABULAR DATA 1 OMITTED] 

Most of the clinical studies on dietary fiber and weight reduction were carried out in adults. One report of a double-blind crossover study using 15 g/d dietary fiber for 4 weeks was based on a study of eight obese children, ages 6 to 12 years (Table 1).[42] A diet of 500 calories less than "usual" was prescribed. There was no significant difference in weight change between the fiber supplement and placebo periods. Although not statistically significant, the mean weight loss of the children was greater during fiber supplementation than during placebo supplementation (336 vs 33 g of body weight, respectively). This study could have greatly benefitted from enrolling a larger number of children; the trend toward greater weight decrease during fiber supplementation might have reached statistical significance. 

Although limited, these studies are nevertheless first steps toward shedding light on a fiber-obesity association. There is some evidence, albeit not robust, that increasing fiber intake potentially could play a useful role in the treatment of obesity by modifying energy intake. Two venues for increasing fiber intake in the diet are to increase overall fiber content in the diet or to use fiber supplements. If fiber-enriched diets are to be used, there would be a concomitant calorie dilution per unit volume of foods consumed. The actual amount of calories ingested would need to be evaluated in the context of the overall energy intake that would be appropriate for weight reduction. If fiber were used as a supplement, the base diet would need to be modified to decrease the overall calories. The issue of calorie modification in the base diet is an important consideration, regardless of the venue of fiber administration. 

DIETARY FIBER IN THE PREVENTION OF CHILDHOOD OBESITY 

There is a general consensus that prevention rather than treatment would be a preferable strategy for childhood obesity. Because US children in general are considered to be at increased risk for obesity, increasing dietary fiber presents an attractive possibility in the prevention of childhood obesity (in terms of a public health role). Increasing fiber in the diet could lead to lower energy intake by decreasing the caloric density of the diet and perhaps maintaining satiety between meals to help avoid snacking. Promotion of increased fiber is in accord with the current dietary guidelines for all healthy Americans recommended by the US Department of Agriculture and the National Research Council.[49,50 ] The overall food pattern to be fostered to increase dietary fiber intake is also congruent with the heart-healthy dietary pattern advocated by the National Cholesterol Education Program for all healthy US children.[51] A pressing task at hand, however, is to examine critically the current intake of fiber in American children's diets in terms of the overall carbohydrate content along with its fiber and then to develop population guidelines for all healthy children living in the United States. 

DIRECTIONS FOR FUTURE RESEARCH 

Fiber can likely play a useful role both in the prevention and treatment of childhood obesity. However, there is a clear need to test in a scientifically rigorous manner the efficacy and safety of fiber as a therapeutic agent in the clinical treatment of childhood obesity. For growing children, the basic issue of therapeutic agents for weight reduction is further complicated by the current uncertainty regarding the clinical definition of obesity, the extent to which caloric restriction can be instituted, and the amount of fiber deemed adequate. Both methods for the administration of fiber, ie, as supplements and in a fiber-enriched diet, need to be carefully evaluated. 

There are several research issues to be considered at the level of the individual child, as well as more global research design concerns. At the individual level, the degree of a child's obesity needs to be considered in defining eligibility criteria for research studies. The decision on the specific mode of fiber administration, ie, supplements versus enrichment, should depend on the specific desired mechanism of dietary fiber in obesity treatment. For instance, if one aims primarily at caloric dilution in moderately obese children, then a fiber-enriched diet to make the overall meal bulkier might be indicated. Solicitation of the care giver's cooperation is essential in making such foods available at each meal. For more severely obese children, fiber supplements may be more useful to ensure the amount of fiber ingested. In this situation, parental cooperation is not as fundamental as is that of the child's compliance with ingesting the prescribed number of tablets. Careful attention should be paid to the overall energy content of the base diet in both instances. Also, it is important that adherence either to the diet or to the use of fiber supplements be encouraged and assessed. 

There are also several global research design considerations at issue. For maximal scientific yield, the design should be a prospective, controlled study and, ideally, a double-blind, controlled study. In testing fiber supplements, the design additionally should be placebo controlled. Finally, a multicenter study would be preferable to a single-center study to accommodate possible regional variations. 

It is timely to consider the use of dietary fiber in developing a safe and useful adjuvant therapy in the clinical treatment of childhood obesity. At the very least, a fiber-enriched diet may serve as a potentially useful means to help increase satiety of the prescribed diet with increased bulk, reduce the rate of food ingestion, and slightly reduce the efficiency with which the small intestine absorbs fat and protein. This in turn would foster compliance to a calorie-reduced diet and also possibly would enhance the rate of weight reduction. Research priority in this area is recommended. 

POLICY RECOMMENDATIONS FOR CHILDREN 

The thrust of public policy should be aimed at prevention of childhood obesity rather than at weight reduction. This is particularly the case because of the difficulties of weight reduction in general regardless of age, the question of the safety of caloric restriction in growing children, and the absence of clear-cut scientific evidence regarding the use of fiber in obesity treatment. The goal should be the prevention of certain diseases of affluence, which have been epidemiologically linked to high fat and low fiber intake. The strategy should be to judiciously increase dietary fiber intake as fiber-rich foods rather than as supplements. Increasing fiber-rich complex carbohydrates in the diet would have other salutary effects on population blood lipid levels and possibly on lowering the prevalence of non-insulin-dependent diabetes, in addition to decreasing the population risk for colon cancers, diverticulitis, and, most likely, childhood obesity. 
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