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INTRODUCTION 

Infant feeding practices and their long range effects on 

the weight of an individual is an area of nutrition which is 

widely studied. The Committee on Nutrition of the American 

Academy of Pediatrics reviewed the history of solid food 

introduction in infants. Before 1920 solid foods were 

rarely introduced before one year of age, the main source of 

nutrients being breast milk or modified cow's milk formulas 

(American Academy of Pediatrics, 1980). 

Over the next several years, various recommendations 

were made. In 1937, the Council on Foods of the American 

Medical Association stated that "pediatricians favored 

feeding of strained fruits and vegetables at about four to 

six months of age" (Fomon, 1974). In many cases solids were 

introduced much earlier because rapid weight gain of infants 

was desired or it was assumed that adding "solid foods 

h e 1 p e d the in fan t t o s 1 e e p t h rough t h e n i g h t 11 
( Am e r i c an 

Academy of Pediatrics, 1980). 

There has been much controversy over the effects later 

in life of early introduction of beikost (all food other 

than milk or formula). Many believe that it increases the 

risk of obesity in the infant and younger child. It is also 

possible that childhood obesity lingers on into adulthood. 

If so, it seems crucial to find the point where prevention 
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is the most helpful. The majority of studies performed 

compare infant feeding practices to infant weight or the 

rate of weight gain in infancy. Others compare infant 

weight to the weight of the subject as a preschooler, 

teenager or an adult. Only one study has compared the age 

of beikost introduction to the weight of the subject after 

infancy. This study compared the introduction of solids to 

body weights of twelve to eighteen year olds. There is a 

need to do further studies comparing the age of solid food 

introduction to the nutritional status of preschoolers and 

adolescents. By using preschoolers as subjects, one might 

eliminate from the study the possible effects of puberty on 

weight in the teenager. This information could be useful in 

establishing the optimal time, if any exists, for the 

introduction of solid food in order to prevent obesity in 

the young child. If the cause of obesity in preschoolers is 

linked with infant feeding practices, caution in feeding 

could help prevent obesity for the teenager and older adult 

as well. 

2 



PROBLEM STATEMENT 

This research attempted to answer the following 

question: "Is there a significant difference in the 

weight/height ratio of four and five year old children who 

received solid food at 0-2 months of age (0-8 weeks) and 

those who were not introduced to solids until 3-4 months of 

age (9-16 weeks)?" 

For the purpose of this study, "receiving" of solid 

food was defined as the month when a child first ate and 

continued to eat on a regular basis two of the following 

foods: baby cereal, strained vegetables, strained fruits, 

strained meats, strained vegetable and meat dinners, 

strained egg yolk, crackers or cookies, or strained fruit 

desserts. 
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REVIEW OF LITERATURE 

Throughout the last two decades myriads of papers have 

been published concerning obesity and its origins. Obesity 

can be defined as weight 20% or more above ideal body 

weight; overweight is weight 10% or more above ideal body 

weight (Kramer, 1981). Hager (1981) explains that according 

to the measurements used, it has been determined that 

between 3-15% of children and adolescents are obese. It 

seems that "infancy and childhood have attracted particular 

attention • • because of the role these age-periods play 

~n final body composition" (Hager, 1981). 

In this section various aspects of childhood obesity 

will be reviewed: the breastmilk-formula controversy; the 

dilemma of early introduction to solid foods; delay of solid 

foods due to physiologic considerations; the effects of 

infantile obesity on weight later in life; non-nutritional 

etiologies of obesity; weight gain differences between 

sexes; and overconsumption as a key reason for obesity. 

Breastmilk-Formula Controversy 

The American Academy of Pediatrics (1980) states that 

"adequate intake of human milk or a prepared formula 

provides all the known nutritional requirements of infants 

during the first 6 months of life, with the possible 

exception of vitamin D and fluoride in the case of 

4 
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b r e a s t- f e d in fan t s • " Th e p r o b 1 em 1 i e s , t h e r e fore , no t ~ n 
I 

the nutritional adequacy of the milk the child receives but 

whether or not obesity occurs to a greater extent in 

bottle-fed infants than in those fed human milk. 

Taitz (1971) performed a study on infants in the 

Sheffield region of England. He compared the weight gain 

velocities of six week old breast-fed infants to 

artificially-fed infants. The difference between the groups 

was highly significant. Only 19% of the breast-fed infants 

exceeded the 90th centile, whereas 59.6% of the 

artificially-fed infants did so. 

Neumann (1976) examined· the birthweight doubling time in 

both breast-fed and bottle-fed infants. She found that 

bottle-fed babies doubled their birthweights at about 113 

days as compared to breast-fed babies who doubled their 

weights at 124 days. The difference was statistically 

significant. Although Neumann did not take skinfold 

measurements, she believes that the bottle-feeders' 

increased weight gain per unit length represents a greater 

mass of fat stored than in breast-feeders. The reason 

Neumann states for the overfeeding of bottle feeders is that 

the child is continually coaxed to consume a grater volume 

of milk than is desirable. This infant is, therefore, 

conditioned to long-term patterns of overeating with 

"chronic excessive energy intake." Also, if mixing of the 
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formula is necessary, concentrating the milk "is possible 

either by error or by choice." The breast-fed infant, on 

the other hand, seems to be able to more successfully 

control his intake. Neumann cites that breast-fed infants 

also spend more time sucking, more time awake, and more time 

stimulated by the mother. 

A third study supports the idea that breast-feeding helps 

to protect against subsequent obesity. Kramer (1981) weighed 

and measured the height, triceps skinfold and subscapular 

skinfold thicknesses of 639 twelve to eighteen year olds. 

Each subject's mother was interviewed by telephone to obtain 

the parental age, height and weight, the age at which solid 

foods were introduced to the subject in infancy, and the 

type of milk fed in infancy. In order to be classified as 

breast-fed no more than one bottle could be fed to the child 

per day. To ensure the accuracy of the mother's testimony, 

Kramer was able to obtain about one-third of the subjects' 

infancy records from clinics or physicians' offices. 

In every case, the mother's history was confirmed. 

When Kramer compared the exposure to breast-feeding in 

obese and non-obese subjects, breast-feeding was associated 

with a significant protective effect against subsequent 

obesity. A regression of relative weight on the duration in 

months of breast-feeding revealed a small, but statistically 

significant, inverse correlation. 
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In summarizing these three articles, breast-fed infants 

were found to have slower weight gain velocities than 

bo~tle-feeders, later birthweight doubling times, and 

protection from subsequent obesity in the late teenage years. 

The following researchers reported distinctly different 

results with regard to the effects milk type had on obesity. 

In 1953, Paiva followed the weight and length gains of 

breast-fed males for six months and compared them to standard 

Iowa growth curves which are based on data from babies 

predominantly artificially-fed. The conclusion he reached 

was that the growth pattern of the group of breast-fed 

infants studied did not differ essentially from that of 

artificially-fed infants. It is interesting to note that 

the mean values of the breast-feeders began to decline in 

the fifth and sixth months in comparison to bottle-feeders. 

It is possible that if h~ had continued the study beyond the 

age of six months a different conclusion might have resulted. 

Paiva stated that although the growth patterns between the 

groups did not differ, he believed breastfeeding should be 

encouraged and preferred to artificial means, however 

adequate they might be. 

DeSwiet (1977) compared the weights at six weeks and six 

months of 758 infants who were either bottle or breast-fed. 

He found that the bottle-fed babies actually weighed more 

than the breast-fed infants but there were no differences in 
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the weights statistically In addition, he argued that 

incorrect mixing of formula is probably not a valid reason 

to explain obesity in the bottle-feeder. He noted that 

mothers may mix formulas too concentrated on one day or too 

diluted on the next, but they do not do either consistently. 

Another longitudinal study was performed on ninety-two 

infants from birth to six months of age. Ferris (1979) used 

skinfold measurements of the female infants as an indication 

of fatness. When the fat deposition patterns were analyzed 

according to the method of feeding (breast vs. bottle), no 

significant differences among the groups were noted. 

Lauver's study (1981) dealt with seventy infants from 

birth to six months of age as well. Lauver classified four 

groups as compliant (no beikost prior to five months), 

non-compliant (those receiving beikost before five months), 

breast and bottle-feeders. In the compliant group, she found 

no significant difference "in the six month weight of breast 

vs. formula-fed infants when correlated with six month height 

and birthweigh t and birthheight." There were no differences 

statistically even though the mean six month weight of the 

breast-fed infant was less than those on formula with iron. 

The next researcher examined the situation from a 

different angle. Infants four to nine months of age, and 

above the 90th centile of weight for age, were compared to 

infants in the 25th to 75th centile with regard to infant 



feeding practices (Dubois, 1979). The incidence of 

breast-feeding was moderately high in both groups. Data 

showed no significant differences in the pattern of 

breast-feeding between the obese and the control groups. 

Breast-feeding did not appear to prevent the development of 

obesity among the infants in this study. 
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The following two studies examined the effects of breast 

and bottle-feeding on eight year old subjects and seemed to 

draw similar conclusions as did the previous five studies. 

Fomon followed and measured the weights of his subjects from 

112 days to eight years of age (Fomon, 1980). He found that 

form u 1 a-fed b a b i e s a t 11 2 days were both b i g g e r ( i • e •. , 

longer) and heavier than the breast-fed babies. However, he 

found that "the indices of fatness at age eight years WE!!re 

unrelated to type of feeding (breast or formula) during 

infancy." The results he obtained on the predictability of 

fatness at age eight will be discussed later in this review. 

Eid (1970) did a study very similar to Fomon's and 

demonstrated similar findings as to the effects of milk type 

on obesity at six to eight years of age. Eid examined 224 

infants at six weeks, three months, and six months for 

excessive weight gain and then re-examined them at six to 

eight years of age. There was no significant difference 

between breast-fed and artificially fed babies with regard 

to obesity in childhood. 
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It is clear from the many re~orts cited that controversy 

exists over the. effects of bottle-feeding on obesity in 

infants, children and teenagers. It is for this reason that 

the study performed here used only bottle-fed subjects in 

order to avoid any statistical variance due to milk-type. 

The possible effects of solid food introduction will be 

discussed subsequently. 

Dilemma of Early Introduction to Solid foods 

Most of the research to be discussed in this section has 

been presented above. The emphasis here, however, is 

whether the early introduction of beikost (solid food other 

than breast milk or formula) to the diet causes obesity in 

the infant or adolescent. 

The main focus of Taitz's study (1971) was the addition 

of non-milk supplements to the baby's diet and its effect 

on weight gain. He discovered that the weights of the 

artificially fed infants were substantially greater at six 

weeks than expected according to the Tanner centile charts. 

Most of the infant intakes exceeded the classic 50 cal/lb/day 

recommendation, some consuming greater than 70 cal/lb/day. 

The mean intake was 60 cal/lb/day. With these high caloric 

diets, some containing heavy cream and crushed rusks in the 

formula, 59.6% of the total sample showed a weight gain 

velocity above the 90th centile. Taitz claimed nothing can 

be gained by exceeding normal intake of calories during the 



first few months of life "apart from the spurious 

achievement of greater weight gain." 
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Shukla (1972), too, found that overnutrition in the 

"first 13 weeks of life leads to an increase in the level of 

the weight attained, which is maintained throughout the 

first year." The percentages for obese and overweight 

infants were 16.7% and 27.7%, respectively, which are much 

lower than the 59.6% incidence of obesity claimed by Taitz. 

Shukla believed the difference was due to the nature of the 

sample population. Shukla concluded that early weaning 

appears to encourage overnutrition, as mothers were giving 

solids to the infants earlier than four weeks. 

Neumann (1976), in her study on birthweight doubling 

time, stated that bottle-feeders were started on solid foods 

significantly earlier than the breast-fed infants: 1.9 

months vs. 3.9 months. She believed that the earlier 

introduction of solids may account for the earlier rapid 

weight gain and mean birthweight doubling time. 

A second study by Ferris (1980) supported the theory that 

early introduction of solid foods may affect weight gain in 

infancy. Her conclusion arose from the fact that the infants 

who were fed "formula with solids added before two months of 

age gained weight significantly faster than infants fed 

breast milk with the addition of solids." Her other finding 

which helped to validate the first was that the weight gains 



of infants fed either breast milk or formula without added 

solids for the first two months did not differ. 
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The former reports suggest that the early addition of 

solid food caused increased weight gain in infancy. Whether 

this has any affect on obesity later in life will be reviewed 

in a later section. It is important to note that the 

following articles refute the fact that early introduction 

of solid foods affects the incidence of obesity in either 

infants or teenagers. 

DeSwiet (1977) took detailed diet histories of his 

infant subjects. Weighing them at six weeks and six months 

he found insufficient eviden~e to support the theory that 

early introduction of solids is associated with obesity in a 

population of infants. 

Lauver (1981) found no significant difference in the six 

month weight between the compliant group (beikost after five 

months) and the non-compliant group (beikost before five 

months). Another key finding was that the month of 

non-compliance, the age at which solids were introduced, had. 

no effect on the six month weight either. Accordingly, "no 

advantages were achieved in growth at six months by adding 

beikost early and no disadvantages were found to adding 

beikost at five to six months of age." 

Along these same lines, Marlin (1980) found that solid 

foods did not influence total energy intakes of young 
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infants. The calorie intakes of the group fed formula alone 

and those fed formula and solids were similar at two, four, 

eight and twelve weeks of age, "suggesting that solids 

replaced, rather than supplemented, formula on a caloric 

basis." Marlin supported delaying solid food introduction, 

but for reasons other than caloric ones; these will be 

disucssed later. 

Eight hundred twenty-one infants who were bottle-fed 

from birth were weighed and measured to see if non-milk 

solids begun before three months of age would affect early 

growth (Davies, 1977). Three groups were formed to compare 

age of introduction of solids and its effects: solids 

started before six weeks, solids started between six weeks 

and three months, and formula alone for first three months. 

Davies stated that his study provided no evidence that 

introduction of solids to bottle-fed infants at any time 

in the first three months had a significant effect on 

growth. 

Dubois (1979) found that his obese infants, four to nine 

months of age, had a slightly higher average energy intake 

than the control group on a daily basis but the difference 

did not achieve statistical significance. His obese group 

was not overeating in relation to the average weight group. 

Also, the time of introduction of most food categories was 

slightly later among obese infants than it was for the 
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control group. Overall, there was no statistical difference 

in the age of introduction of solid foods among the groups. 

In contrast to his finding that breast-feeding was 

protective against obesity in later years, Kramer (1981) 

revealed "a statistically nonsignificant inverse correlation 

between age at introduction of solid foods and relative 

weight in 12-18 year olds." When controlling for the 

effects of breast-feeding there was no association between 

delayed introduction of solid foods and the weights of the 

subjects. 

Delay of Solid Food Introduction due to Physiologic 

as·well·as Nutritional Considerations 

Fomon (1979) recommended that beikost introduction be 

delayed until five months of age when the infant can 

communicate desire for or disinterest in food. The child at 

five to six months of age should be able to sit without 

support and have good neuromuscular control of the head and 

neck; thus, the child can lean forward with an open mouth if 

he desires more food or can turn away his head and lean back 

if he is satisfied. Fomon believed that "until the infant 

can express these feelings, feeding of beikost will probably 

represent a type o f forced feeding • " One of the bas i c 

intentions of the parent should be to develop sound eating 

habits, having the child respond to satiety and not to the 

habitual practice of overfeeding. 
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Fomon (1979) also stated that it is preferable to 

consume a diet in small frequent feedings rather than large, 

widely spaced meals as the latter appears to promote 

increased deposition of body fat. He implied, therefore, 

that parents should not coax their infants to sleep through 

the night at an early age by giving them large portions of 

food during the day. He also suggested that these large 

feedings, less frequently given, lead to increased serum 

concentration of cholesterol and impaired glucose tolerance. 

The American Academy of Pediatrics (1980) determined 

that infant feeing should be divided into three periods: the 

nursing period, where breast milk or adequate ·formula is the 

sole nutrient source; the transitional period, when solid 

food may be given in addition to the milk source; and 

lastly, the modified adult period, where table f~od is 

introduced and is providing the majority of the calories and 

nutrients. It was recommended that the transitional period 

be delayed until four to five months of age for several 

reasons. First, during the nursing period the intestinal 

tract has not yet developed the defense mechanisms for 

coping with foreign proteins and is best equipped to digest 

the protein, fat, and carbohydrate in breast milk. 

Secondly, the infant's neuromuscular ability to recognize a 

spoon, swallow solid food, and distinguish tastes and 

textures is not developed until four to five months of age. 



The main mechanism which hinders the above development is 

the extrusion reflex or "tongue thrust." Once this 

disappears at four to six months of age the feeding of 

beikost progresses much more smoothly. 

16 

The last recommendation by the Committee was to delay 

feeding of potentially hyper-allergenic foods until after 

seven months of age, especially in infants with a family 

history of allergy. The reason given for this was that IgA 

antibody is low in the neonate until approximately seven 

months of age. Once established, the IgA is secreted when 

the irritating food protein is ingested. It is directed 

against the antigen, thus .preventing its absorption through 

the mucosa. Prior to this, the infant has little defense 

against the allergenic foods. 

Other authors warn against early beikost introduction 

because of the possibility of hypertonic dehydration. Taitz 

(1977) noted this after his initial research in Sheffield. 

He noted widespread use of over-concentrated feeds and a 

large increase of calories ingested associated with early 

introduction of solid foods. Hypernatremia had occurred 

with gross mistakes in food preparation though this was not 

a frequent occurrence. Taitz, therefore, recommended 

delaying solid food introduction until four to five months 

and taking close watch of the mixing of the food. 



Davies (1977). 'stated ·that·:even though' h:e found no effect 
, ,, . i ! . . . •. . . 

of solid food on gr'owth·,··in irifancy, intr.oduc·t:iori, of solids 

should be delayed be:c<iUse' of it's:' c~ntrib,,~t ion t6 .hypero smolar 

states. He p'resumed; ·however, that some .infants .will be 

dissatisfied on milk -'alone and for :these'·,individuals solids 

are unlikely to cause harm·' 

Mar 1 in ( 1 9 8 0 ) a greed w i t h Davie s , s. t a: t: (n g that 11 s o 1 i d 

foods appeared to replace, rather 'than supp le~en t, .. milk on a 

c a 1 o r i c b a s i s s in c e energy in t a k e s · d i d · n· a t inc r e as e 

significantly when supplemental foods:were added to the 

liquid diet." Even. th.ough in this study early introduc_t,i.on 

of solids does not appear to add excess ·calories··to ·the diet, 

it can affect nutrient absorption. Marlin stated that 

vegetables fed at four months of age·~ppeared to inhibit the 

absorption of iron from formula or h'uman milk. Since iron 

is in critical need early in infancy, the presence of 
_l. 

beikost in the diet at an early age might worsen the 

situation. 

Although there is a discrepancy noted as to whether 
. . 

early beikost introduction affects weight, growth, or 
.. , 

obesity in the infant, there appear to be significant and 
,•·" I' 

valid reasons to delay feeding of solids until at least four 
( 

to five (and possibly six) months of age. Early consumption 
; . 

of these foods may not be harmful to most infants, but there 

seems to be no need, nutritionally or otherwise, to do so. 



The Effects of Infantile and Childhood Obesity on 

Weight Later in Life 
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The first group of studies to be reviewed in this 

section makes strong conclusions that fat infants make fat 

children and fatness in infancy can predispose one to be fat 

as an adult. Knittle (1976) stated that 80% of all 

overweight children remained so as adults, and those with 

the most marked obesity were most likely to become obese 

adults. Another statistic he noted was that 30% of 

overweight adults were heavy as children. He remarked that 

the prognosis for childhood obesity remained poor because by 

the time a child's overweight condition was brought to the 

physician's attention the obese state was well established 

and successful treatment was questionable. 

Asher (1966) agreed with the above stating that 

treatment of the obese child met with only 19.5% success. 

Her examination of 118 cases of obese children and 

adolescents indicated that 44% of them had been overweight 

(above the 90th centile) since infancy. The rest of the 

adolescents had become obese at a later date, most often 

after the age of five. Asher remarked that since obesity in 

childhood was resistant to treatment, prevention was 

important. 

avoided. 

Overfeeding in infancy, therefore, was to be 
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Eid (1970) followed his subjects from infancy until 

eight years of age and found results similar to Asher. Eid 

noted that of those subjects who had excessive weight gain 

(weight above the 90th centile) by six weeks of age, 7.4% 

were obese and 18.5% were overweight. Also, of those who 

had excessive weight by six months, 16.7% were obese and 

26.7% were overweight. He was disturbed to find that 

unusually rapid weight gain in the early weeks (as early as 

six weeks of age) was related to obesity in later childhood. 

Fomon (1980) tested his hypothesis that feeding habits 

established during infancy may influence fatness of children 

in the pre-adolescent period. Although he found no evidence 

that breast milk was better than bottle milk for reducing 

the incidence of obesity in later childhood, he did discover 

a highly significant correlation between fatness at 112 days 

of age and fatness at eight years. This was significant 

for both weight for height and for subscapular skinfold 

thickness. Although Fomon's study did not prove that the 

type of milk fed made any difference in fatness later in 

life, he disclosed that fatness during infancy is predictive 

of fatness in later life. 

Charney's findings (1976) were most unique as he used 

subjects who were twenty to thirty years of age and 

researched how early infant feeding had affected their adult 

weight. His results showed that those who attained the 90th 
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centile at least once in the f fr s ·t: :· six' ·months of· 1 if e were 
,!' . . ' I ' 

2.6 times m()r~ -likely to be overw'eightor obese adults th.an 
. ·~; . 

in fan t s. o f . 1 i g ht o r - aver age we i g h t. • · H~,,~ s 't a t e d t h a t a b s o 1 u t e 

·; 1~ ~;· 

we i g h t by t h, e- s i x t h m on t h o f age ·: w a s more c r i t i c a 1 t o 1 a t e r 

obesity than the rate of weight gain.· ·He did state, however, 

that. although infant ·weight ,seemed to· be a crucial risk. 

factor, only ,a mino~ity of these infants .would become 

For . the J1 o p p o s in g ' view , Me 11 b in and V u i 11 e ( 19 7 3 , 1 ~ 7 6 ) 

claimed that the .releitionship between rapid weight gain in 

infancy~ and subcutaneous fat .at seven and ten· years was weak. 

They found ~ifferences between the sexes ~~r some of th~ir 

findings, but when: using skin~old thickn~ss·as a, determi~ant 

o f 1 a t e r o be s i t y they found ~: a -· v e r y weak a s s o c i a t ion t o 

infant weight gain velocitY•:: :Both .studies· 4rew_:similar 

conclusions in 1973 and 1976~) .. They~clai~ed·_that there ~id 

not seem to be any crucial period in the first, year of. life 

which was .. more importan~ than another for predicting further 

physical. deyelopment •.. They conc.lu~ed _that. only.:9% of the 

v a r i a t ion in, we i g h t for· he i g h t. _ c o u _1 d . 1:> e ·~· ex p 1 a i n ~ d by t h e 

growth pattern in infancy. 

More ,evidence seems to favor the fact that,, there is some 

correlation, even though it may be slight, as in the case of 

Mellbin and Vuille, between obesity in.the infant and 

obesity later in life. If the risk is present at all, the 

j ' 
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results of thi~. st,udy should heip.'to,·;cl·arify whether solid 

food int:ro'duction increase's the. poss(bility that a child may 

become .. and remain obese. 

i, ', Non-nutritional Etiol~~(es of Obesity 

There see:m to be two prevalent· ide.a's other than over

nutrition ~tha~ .. ~cco1:1nt for an individu~l.'s bei'ng· overweight; 
• I '\ '. • ., ' 

they are heredi~~ry £~~tors and hype~~~ll~lari~y. Kramer 

(1981) accounted .for hereditary factors in his .study and 
• 1 , : ' ,~ ' , ~ r .~ ~: , ' 

found t h a t c h i 1 d r en o f . o be s e pare_ n t. s were . m o, r ~. 'like 1 y t o b e 

obese than those whose parents were not. 
; ~ ', •• ' l ! 

Charney (1976) stated that. in addition to childhood 
• "; \ : : ' : ·, i ~ ' . ' • ' '• • • . -~ ': :_ 

weight .~ffect,ing ad~lt. weight status, having at 'l'east one 
·' • ' 1 .. ; 

overweigh~ parent dist~nc~ly, increased the risk of being. an 

overweight,.· a~ u 1 t. Shukla (1972) .noted a high correlation 

b e t we e. n . o be s e . p a r en t s , an~- o be s e o ~! o v ~:we i g h t i n fan t s • In 

addition, he found a greater birthweight in these babies, 
.. • .. \ ' ' ;. i ' .• ·~ ' ;: • ' : ' .; 

indicating such infan~s may: .be "at risk." 
\ 

·.~id ~ ~.1970) simply 

stated in his findings that weight gain in infancy proved to 
f! t' '·.'· .:·· .·', '"• ' ' .. · ' 

be a better predi~tor of obesity later in lif~.than did the 
i. • \. ' •. • ! ' ) . .• \{' .. 

parents'. weight. Only lO~_of the children who had one obese 

parent turned out to be obese themselves. 
t,- ,- r ·~ 

The topic of hypercellu~arity again bring~ ~n.much 
. ' ~ ' . 

discu~si~n. Knittle (1979) performed experiments on the 

adipose ti~sue obtained from subjects ~anging in age from 

four months to nineteen years. He stated the two forms of 



o b e s i t y .are h y p e r c e 11 u 1 a r ( c e 11 · .. n_u m b. e r 

hypertrophic (enlarge~ ·adipose ceJl siz~). 
r ,/,J 

that the majority of obese children can be 
J I 

'~'.\. 

hypercellular. ,··{. 

Additionally, he noted that the adipose 

children larger 
; 

in size tha·n t~ose; o,f were 

arid 

Knittle stated 

c'l a ·s s if i e d as 

'' 

cells of obese 
,-, ;'• 

'non~obese 

children. 
t: 

Knittle believed that·'there.
1
are' t'wo possible 

' •· ' .. , 
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times for ad{pose tiss~e cellular prolif~~~tion: befor~ age 
' ' ~ -' ' 

two and during ·adolescence. The weakness of his\theory was 

that he could not determine whether actual productiori of the 

cells occurred at thes~ times. K n i t tl e c 1 a i me d a s we 11 t h a t 

once adulthood was achieved, the numbe~ of fat cells was 
. ( ' ' . 

unaffected by dietary manipulation.· In effec·t, once an 
., 

individual has estabt'ished hy.per.cellular.it·y' and hypertrophy, 

the prognosis for treatment is poor. 

It has been pointed out by a number of researchers that 

difficulties in methodology, 

theore.tical obj~ction~, make it unl.ikely~.tha·t the simple 
i' .; 

relationship (discussed above) exists (Taitz, 197'7) • 
. . 

Widdowson (1973) stated that Knittle may be correct, but 

there are technical ~~~;~ns why he may not be. ~iddowson 

discussed ~arious la.borat~ry t.ech~ique's ~hich can 'be 
; . 

m i s 1 e ad in g and s t a t 'e ci th a' t. t h e' r e i s . a need f 0 r c au t i 0 n 

in the ·{~~erpretation,of f~t-cell count~. Hager (1981) 

remarked ·that the "post u 1 ate d ex is ten c e o f ' trigger ' 

',. 

' 



periods especially sensitive for fat-cell reproduction 
! 

23 

(0-5 and 9-13 years of age) awaits definitive investigation 

with adequate methods for recognizing fat-cell precursors 

(pre-adipocytes) ." He went on to say that with studies 

showing that most fat babies become normal in weight and 

that early introduction of solids or bottle-feeding does not 

seem to induce obesity, "we are still far from understanding 

the nature of the basic abnormality in the develoment of 

obesity." 

Taitz (1977) discussed prenatal malnutrition and its 

effect on the hypothalmus in infancy. When pregnant mothers 

were exposed to famine it was thought that the child's 

hypothalmic center and the regulation of food intake was 

affected. These individuals had poor appetite control. 

It was suggested that the hypothalmic mechanism is more 

sensitive to undernutrition than to overfeeding, hence the 

tendency for these young babies to lay down excess fat after 

their period of deprivation. 

The list of potential etiologies for obesity still 

continues. It is possible that the individual may have a 

derangement of glucose and fat metabolism, endocrine 

disorder, or disturbed psychological process {Knittle, 1976). 

It seems reasonable that these, along with the reasons 

mentioned previously, could each contribute in part to the 

cause of obesity. "Obesity is truly a multifactorial 
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S )" n d r 0 me ·in W h_ i C h t h e Ph Y S i C i a tl ~US t I We i g h the C 0 Q t r i b U t i 0 n 

o~ each factor. if he is to deal 'effectively with an 

in d i v i d u a 1 p a t i e n t " ( K n i t t 1 e , 19 7 6: )'~ ' : 
\ I ', [ '.'• , 

,The study presented here tried''to'"account for genetic 

in t e r f e ~en c e by in: c 1 u d in g . pare n t ~ 1 , h '~ i'g h t and, we i g h t i ~ ,,-. t h e 
'•' 

d a t a • . The de t a i _1 s . w i 11 be ex p 1 ai ned , 1 ~ t e r • 

Weight.Gain Differences Between Sexes 
;J .· 

Mellbin and Vuille (1973, 1976) found in both their 

studies that boys_ha.d, more rapid weight gain in infancy_,:than 

did girls. They believed that this rapid weight gain in 

infancy for males was associated with increased total body 

m a s s in r e 1 a t ion t .o . ~ e i g h t , w h e t h e r or no t t h i s w a s 
•· 

accompanied by ~~ncr~ased mass of adipose ~issue. From their 

re su 1 ts, they s_tated that curtailing eating habits for girls 
. . t - . . 

w o u 1 d be o f no u s e:< s _inc e rap i d we i g h t gain in infancy had no 

effect on the _seve~- y_:ear old girl. The. majori.ty_ of obese 

girls h.ad 'norm~~-}"eight_ ga~n in infancy whereas "obese s.~ven 

year old boys ~p,resented a_ history of short .rapid growth_, 

s p u r t s ._a t d i f f e.r en t period s, o f in fancy • " 
' 'J-. : : r ' 

Neumann (1:.9_76) found, similar _ressults in _her. study. 

Boys dou~}e~. their bir.thwe,~ghts signi~icantly: ·:~arlier than 

g i r 1 s •. _The m a 1 e in fan t s were 1 a r g_ e r .. and had g r o ~n 

significan_~l_y more rapidly in wei~ht 
1
and length ,than the 

female infants. Neumann believed that a greater mass of 
: ' . 

bone and muscle accounted for added w~ight gain in the boys. 
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Taitz (1971) also noted an apparent difference in the 

incidence of increased weight gain velocities between males 

and females which was statistically significant. Taitz drew 

no conclusions as to the reason for the difference. 

Because of the possibility that sex might affect the 

statistical significance of the present study, a value 

described as "child ponderosity" was calculated. It 

eliminated the differences in stature of boys and girls. 

A more specific description of this value will be mentioned 

later. 

Overconsumption as a Key Reason for Obesity 

This final section is composed of some obvious 

statements about excess calories and their relation to 

obesity. It was interesting, however, to note that 

individuals with opposing views earlier in this paper agreed 

on this one fact: excessive intake over need causes obesity. 

Taitz (1977), whose original study had been questioned by 

many, stated that his population of subjects was unique. 

Nevertheless, it was considered that the increased rates of 

weight gain demonstrated were significant, particularly when 

it was found that they were associated with feeding patterns 

likely to increase caloric intake. The difference he found 

was that the British babies he examined were taking formula 

that had a high concentration of solutes and calories. He 

stated later that if the calories:osmols:water ratio was 
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correct then there was no varianc~ ~~~ween brea~t or bottle 
' " . '~ . 

m i 1 k ' s e f f e c t on we i g h t ·. g a in • 

Though th~ Dubois study (1979) failed to support the 
;,: ., 

a s s u m p t ion t h a t o b e s e in fan t s ~ e a i: more , t h an norm a 1 we i g h t 

infants, he concluded, "It is clear that if obesity has 

developed, energy intake must. have ex'c.eeded the individuaL'·s 

requirement at some point." He listed.~any possible 

etiol~gies for these children's obesity but could not make 

a final:judgnient ·as to the actual cause. 

Lauver (1981) .found no difference in the weight of six 

m on t h o 1 d s wh o h ad . e' i the r e a r 1 y or 1 a t e f e e d in g s o f be i k o s t • 

However, she claimed .that assuming .'~obesity is .related to 

excessive calorie intake, overfeeding can .occur and does 

occur in our study irrespective of infant feeding practice." 

De S w i e t ( 1 9 7 7 ) a 1 s o. ; found ins u f f i c i en t evidence t h a t t h e 

type of feeding or timing of introduction of foods were 

asociated with obesity. He did claim, however, that 

individual infants fed large quantities of solids or milk 

from an early age may become obese. 

It is possible that regardless of the infant feeding 

practice, it is excessive caloric intake which is the key. 

This puts more responsibility on the individual or his 

parents to discover indeed just what is excessive for that 

person. One point stressed in many articles was that early 

detection and prevention is the optimal way to fight against 

obesity. 



HYPOTHESIS 

The hypothesis tested in this stud~ was: There is no 

significant difference in the weight/height ratio of four 

and five year old children who were introduced to solid food 

at 0-2 months and those who did not receive solid food until 

3-4 months of age. 

The independent variable in this study was the age at 

which the child was introduced to and consumed solid foods. 

The dependent variables were the height/weight ratio and 

triceps skinfold thickness measurements. 
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METHODS AND PROCEDURES 

Two hundred ninety-six questionnaires were distributed 

in ten different child care facilities. Of the ones who 

responded, thirty-nine four and five year olds were selected 

to be a part of this study as they fit the following 

criteria: Caucasian, bottle-fed, full term at birth, four or 

five years of age with known parental height and weight. 

Because this study compared the differences between 

weight/height and triceps skinfold thickness of children who 

were introduced to solid food at different ages, its design 

was quasi-experimental. The pre-identified age classifica

tions of 0-2 months. (Group 1) and 3-4 months of age (Group 2) 

at solid food introduction prevented the study from being of 

true experimental design. This difference in age should not 

have created any problems related to subject performance or 

background (Drew, 1976). The key point was to control any 

differences between the groups except the one under study 

(i.e., the age of solid food introduction). 

These criteria excluded younger and older children whose 

bodies are in the peak growth periods where adipose tissue 

hypertrophy and hyperplasia may be accelerated (Knittle, 

1976, 1979; Hager, 1981). They also excluded other races 

due to variation in body composition between races and, thus, 

in anthropometric measurements (Stunkard, 1972; Hampton 

28 
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et al., 1966). In addition to these criteria, all the 

children were bottle-fed with formula. Even children who 

had breast-fed for only two weeks and were then switched to 

formula were not included. The reasons for this stem from 

the controversy discussed earlier in this paper over the 

varied effects breast milk vs. bottle milk might have. 

Even though many researchers mentioned no differences in 

the weight of young children when examining milk-type, the 

exclusion of breast-feeders helped to eliminate possible 

statistical error. 

Data Collection 

Initially, questionnaires were passed out to all 

Caucasian four and five year old children for their parents 

to complete and return. Return of the data sheet and 

consent form gave permission for the child to be weighed and 

measured for height, triceps skinfold thickness, and mid-arm 

circumference. 

The questionnaire (see Appendix C and D) requested the 

parents to determine the age at which their children began 

to eat cereal, strained vegetables, strained meats, strained 

egg yolks, strained fruit, strained meat dinners, cookies or 

crackers, or strained fruit desserts. For each item, the 

mother was to choose the month between 0-6 months of age in 

which she introduced the food and continued to feed that 

food. Space was given to check that the food was never fed 
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to the child or that the informer could not remember the 

exact time of introduction. This study classified "consuming 

solid food" as the introduction and continued feeding of two 

or more of the above items. This was to insure that the 

introduction of solid food had a significant impact on the 

infant's caloric intake. 

The mother or father was also asked to provide the 

following information: the child's gestational age; the 

present weight and height of the child's natural parents; 

and in the case of remarriage, the weight and height of the 

parent with whom the child lived. 

Actual height and weight measurements were taken on an 

upright balance beam scale which was recalibrated at each 

different site of weighing. Using the child's height, the 

50th centile measurement for weight was obtained from growth 

charts of boys and girls, two to ten years of age, provided 

by the Department of Health, Education and Welfare (see 

Appendix A and B). The child's actual weight/height was 

compared to the 50th centile weight/height to create a new 

percentage value labeled as 11 child ponderosity." This was 

done so that both the age and sex differences would be 

accounted for and the data could be compared as a whole. 

The triceps skinfold measurements were taken according 

to the method stated by Blackburn, et al. (1977). The same 

set of Lange skinfold calipers was used for all subjects. 



The arm measurements were used in order to compare the fat 

stores of the children (Frisancho, 1974). The validity of 

the triceps skinfold thickness standard values for young 

children is questionable Ln that the measurement is not as 

widely used and accepted as weight/height. Therefore, the 

triceps skinfold thickness, mid-arm circumference, and 

mid-arm muscle circumference were used only as a 

supplementary information source. In comparing the above 

values of the subjects, the absolute arm measurements 

obtained were used and not the value in relation to the 

standard. 

Statistical Analysis 
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There were twenty-three subjects in Group 1 where two or 

more solids were started at 0-2 months of age; sixteen 

subjects were in Group 2 where two food items were not 

started until 3-4 months of age. An analysis of variance 

was used for statistical analysis as the groups were small. 

The analysis of variance compared the measurement values 

(child ponderosity, triceps skinfold, mid-arm circumference, 

and mid-arm muscle circumference) between Groups 1 and 2. 

This test was performed initially with the parents' 

ponderosity (mother's actual weight/ideal weight x 100 and 

father's actual weight/ideal weight x 100) as covariants. 

Since these covariants were found not to be significant, the 

above analysis of variance was repeated, this time without 



the parents' ponderosity being included. In addition to 

these statistics, a t-test was performed on the means of 

Group 1 and 2 for mother's ponderosity and father's 

ponderosity. Finally, a breakdown of the data was done to 

get a description of the subpopulations to see if other 

pertinent classifications arose. 
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RESULTS AND DISCUSSION 

The analysis of variance of child ponderosity, triceps 

skinfold thickness, mid-arm circumference, and mid-arm 

muscle circumference between Groups 1 and 2 (using the 

parents' ponderosity as covariants) proved not to be 

significant (p ~ 0.05). As noted earlier, because the 

parental ponderosities proved to have no effect on the data, 

the analysis of variance test was run again without them and 

was not found to be statistically significant. These results 

seem valid because the cell means of Group 1 (starting solids 

at 0-2 months) and Group 2 (starting solids at 3-4 months) 

proved to be almost identical for child ponderosity, triceps 

skinfold, mid-arm circumference, and mid-arm muscle 

circumference (see Table 1). 

A breakdown of the data on the two groups was done to see 

if there were actual differences in the make-up of the 

groups. One hundred percent of the children in both groups 

were born within one month of their due date. Eighty-seven 

percent were classified as "on time." The recall of data 

was similar for both groups as the majority of mothers in 

both groups recalled the information from memory. Table 2 

indicates how Groups 1 and 2 differed on the age at which 

solid feeding was begun. As expected, these figures point 

out that Groups 1 and 2 were not homogeneous as far as their 

timetable for initiating food items is concerned. 

~~ 



TABLE 1 

Cell Means of Children's and Parents' 
Measurements for Groups 1 and 2 

Measurement Taken 

Child Ponderosity a 
mean 
std. dev. 

Triceps Skinfold 
mean 
std. dev. 

Mid-arm Circumference 
mean 
std. dev. 

Mid-arm Muscle b 
Circumference 

mean 
std. dev. 

Group 1 

101 % 
10 

(n = 23) 

11 mm 
2 

(n = 23) 

17 em 
1 

(n = 23) 

14 em 
1 

(n = 23) 

Mothers' Ponderosity c 
mean 
std. dev. 

Fathers' Ponderosity d 
mean 
std. dev. 

(n 

105% 
15 
= 21) 

107% 
18 

(n = 20) 

a. 

b. 

c • 

d. 

child's actual wt/ht x 100 = CPOND 
50th centile wt/ht 

MAMC (em) =MAC (em) - [3.14 x TSF (em)] 

MPOND =mother's actual wt/ht 
ideal wt/ht 

FPOND = father's actual wt/ht 
ideal wt/ht 

N.S. =not statistically significant 

* = statistically significant (p ~ 0.05) 
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Group 2 

103% 
7 

(n = 16) 

11 mm 
3 

(n = 16) 

17 em 
1 

(n = 16) 

14 em 
1 

(n = 16) 

121% 
31 

(n = 13) 

101% 
8 

(n = 11) 

N.S. 

N.S. 

N.S. 

N.S. 

* 

N.S. 



TABLE 2 

Percentage of Children From Groups 1 and 2 
Consuming Food Items at Varying Time Periods 

Food Item 
at Critical 
Time Periods 

Cereal 
at 2 months 

Fruit 
at 2 months 

Vegetables 
at 3 months 

Strained fruit 
Desserts 
at 3 months 

Crackers and Cookies 
at 4 months 

Meat 
at 4 months 

Eggs 
at 4 months 

Dinners 
at 4 months 

Group 1 a Group 2 b 

100% 67% 

91% 0% 

91% 44% 

25% 25% 

55% 45% 

78% 18% 

64% 0% 

50% 8% 

a = started two solid food items by 0-2 months of age. 

b = started two solid food items by 3-4 months of age. 
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The child ponderosity values were evenly distributed: 

all the children's weights/heights were between 84%-119% of 

the 50th centile. Three children could be classified as 

underweight and six as overweight. There were no obese 

children found in the study. 

The mothers' ponderosities were not so evenly 

distributed. In the entire population, there were eighteen 

mothers whose weights were over "ideal body weight" and ten 

whose weights were under. Three could be classified as 

underweight, two as overweight (10% or more over ideal body 

weight), and seven as obese (20% or more above ideal body 

weight). The percentage of ideal body weight ranged from 

86%-185%. The means for Groups 1 and 2 for mother's 

ponderosity were statistically different. The· mothers 1 

ponderosities for Group 2 were significantly greater 

(p ~ 0.05) than those of Group 1. 

The fathers' ponderosities were similar in general to 

the mothers 1
• There were sixteen fathers over "ideal body 

weight" and ten under. Four fathers could be classified as 

underweight, two as overweight, and five as obese. There 

were fewer fathers in the study than mothers because of a 

few single parent families. However, the means for Groups 

1 and 2 were very similar and were not significant 

statistically. 
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The statistics indicate that the parents' weight and 

height had no effect on the children's weight/height and arm 

measurements. The breakdown of the parents' ponderosity 

shows definite incidence of obesity and yet no children were 

found to be obese (see Table 1). Even with Group 2's mothers 

being significantly greater in weight/height the children's 

weight/height ratios were not affected by it. Also, starting 

solids at 0-2 months compared to 3-4 months of age proved to 

have no effect on the child's body measurements. These 

children were all bottle-fed and no obese children were found 

in the group. These three factors (parents' obesity, early 

introduction of solid foods, and bottle feeding) have been 

found by various investigators to place the child at high 

risk to being obese. The results of this study show that 

none seems to have caused inordinate risk of obesity in this 

case. 

All of these children were Caucasian and of middle socio-

economic class. Possibly this is a factor in explaining the 

results, as well as the fact that obesity and its prevention 

have been widely discussed in our country over the last five 

years. It is possible that these parents took care not to 

overfeed their children as a result of their own education on 

the subject. It is surprising to note that the mothers in 

Group 2, being statistically greater in weight, held off 

feeding solid foods to their children until 3-4 months of 



age. 
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It very well may have been a conscious attempt to help 

prevent obesity in their chidren, having experienced the 

negative .effects of it themselves. Because actual caloric 

intake was not measured here, it is impossible to say whether 

or not any of these children were overfed or if all were fed 

the amount of calories they needed. 

As far as the accuracy of the mother's recall ability, 

Kramer's study (1981) used twelve to eighteen year old 

subjects and asked the mothers to give infant feeding 

information of these teenagers. Kramer checked the 

reliability of the information by contacting fifty of the 

teenagers' pe~iatricians or baby clinics to get accurate 

records. As noted earlier, in "every case it confirmed the 

mother's history." This helped to show that if recall of 

twelve to eighteen years is reliable, then four to five 

years may be even more certain. The mothers were given 

space to indicate if they could not remember and very few 

used the column. 



CONCLUSIONS AND IMPLICATIONS FOR FURTHER RESEARCH 

The results presented here seem to add more certainty 

to the fact that the type of infant feeding (i.e., 

bottle-feeding and early introduction to solid food) does 

not not necessarily predispose a child to obesity. There 

were no obese children found in this study even though they 

were bottle-fed, had early introduction of solid foods, and 

possibly had obese parents. The etiology of obesity has not 

been clearly determined from this study; however, it has 

been shifted away from a single type of feeding in infancy. 

Overfeeding of any food, milk or solids, may indeed be the 

key to the problem, but it cannot be determined as the cause 

here. 

Future research could involve finding a group of obese 

four and five year olds and a group of normal weight four 

and five year olds and comparing the ages of solid food 

introduction. Dubois (1979) performed a similar study but 

with infants at four to nine months of age. He, 

incidentally, found no differences between the feeding 

practices of the obese and normal infants. 

Another possible study would be to repeat this study 

with more obese children and to quantitate what the infants 

ate. Possibly a relationship could be found between 

excessive calorie intake and obesity regardless of the type 

of infant food. It would also be more informative to have a 

39 



)I 

40 
~ 

present three-day diet history to see:~if the obe~itj is 

related to present eating habits or·'irifant feedirig practices. 



APPENDIX A 

P.RE-PUBERTAL BOYS FROM 2 .TO 11% YEARS 

WEIGHT FOR STATURE 

I; f 

20~~--T-~~--~~--~~~--~~--~~~~~----~~--~~~--
35 36 J7 38 39 40 41 42 43 44 45 46 47 48 49 so·- 51 s2 SJ 54 55 56' 57 

Stature l1n.1 

:.~-5-78 Department of Health, Education',' and Welfare, 
Public ~ealth Servide 

Health Res.ources Administration, _Na-tional Center for 
Health Statistics, and Center foi Disease Control 
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APPENDIX B 

PRE-PUBERTAL GIRLS FROM 2 TO 10 YEARS 

WEIGHT FOR STATURE 

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 

Stature (in.) 
Department of Health, Education, and Welfare, 

Public Health Service 

95tn 

90tn 

75tn 

50tn 

25tn 

10tn 

stn 

Health Resources Administration, National Center for 
Health Statistics, and Center for Disease Control 
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APPENDIX C 

QUESTIONNAIRE * 

Please answer the following questions as indicateds 

1) On what date was your child born? 

2) What race are you and your child? 
(circle one ) 

J) What sex is your child? 
(circle one) 

4) How did you .feed your child? 
(circle one ) 

S ) was your child at birth? 
(circle one to f1Il 1n blank) 

I / 
mo day yr 

a) white 
b} black 
c } mexican-american 
d) oriental 
e} other - specify 

a) boy 
b) girl 

a) breast t'eed 
b) bottle feed with formula 
c) bottle feed. with. milk 

a) premature by 1 month 
b) full term 
c) past due by 1 month 

6 )What is the child's - natural mother's weight now 
(write in natural mother's height now ---

measurement) natural father's weight now 
natural father's height now ---

7 )I! there has been a remarriage or adoption, 

What is the child's - present mother's weight now 
(write in present mother's height now---

measurement) present father's weight now 
present· father's height now ---

8)Did you remember what you fed 
your baby from ? a) his/her baby book 
(circle one ) b) other records 

c) memory 

*Return of this ouestionnaire constitutes informed consent for you and your 
child to act as 'a participant in this research. 
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Instructions• 
QUBSTIONNAIRB 

At what time in your child's life dld you first feed and continue to feed him/her the following 
. foods? Simply place a ~ under the correct column which indicates the age when you started 

each food. The foods listed below may have been purchased aa baby food or prepared at home. 

Examplee nd at rd 
1 mon~n z··- mon'tn r- mon~n 

FOOD 0-4 weeks 5-8 wka 9-12 wka 

baby cereal ~ 

- 1 ~ ~ - b - - - - - - - - - -

18 t month 2nd month )rd month 
FOOD o-4 weeks 5-8 wks 9-12 wks 

baby cereal 

strained 
vegetables 

strained 
meats ------
strained 
fruita 

--
strained 
egg yolk 

-
strained 
.vegetable A: 

· .meat dinn'ers 

cookies or 
crackers . 
strained: 
fruit 
desserts 

other-specify . ' 

... ~ 

.. th 
1 

4th month 
13-16 wke 

,. 

OVER 

. .. ... 

sth month 
17-20 wke 

-
-

·----- -···.-

6th month thafter 
21-24 wko 6 mont~ 

--~ ---- .. -·-·-

---------

... - . 

----- ... 

·. 
... 

:0 

-------- -· 
... 

. .. 

.. 

t---· -····· . 

: 
.., 

-- ··-. -····-

never can't 
remember 

-· ---

-

---

·' 
.. 

·- ... - --

: 

.. 

.:.-----
-. 

---· ·····-··---

> 
1-d 
1-d 
1:%1 
~ 

'=' 
H 
~ 

t=' 
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