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were compared. AU infants (N = 11 I) were healthy, sin- 
gleton products of uncomplicated pregnancies. Birth 
weights and other anthropometric measures in the fust 
few days of life were not different among the three 
feeding groups. Formula or breast milk was the infants' 
principal source of energy from birth to age 16 weeks. 

Average energy intakes of formula-fed infants and change 
of intakes with age were similar in both groups at all ages. 
Feeding groups were not significantly different at any age 
in weight, length, weight or length gain, head circumfer- 
ence, skinfold measurements, upper arm fat area and 
muscle area, or estimated total body fat. Stools of infants 
on the whey-predominant formula differed from both the 
breast-fed and casein-predominant formula groups. Key 
Words: Growth-Adiposity-Term infant formulas- 
Breast fed. 

If term infants a re  not  breast-fed, they are  
usually fed one of several commercially available 
milk-based infant formulas. Breast-feeding confers 
nutritional, immunologic, antiinfective, endocrino- 
logic, and emotional advantages (1). Although the 
nutritional advantages of human milk are not com- 
pletely understood, human milk is considered the 
ideal food for full-term infants (2). Consequently, it 
has been suggested that infant formulas be formu- 
lated to reflect the composition of human milk as 
close1 y as possible (3). 

Cow's milk is the protein source of the milk- 
based formulas. Formulas containing predomi- 
nzntly whey proteins from cow's milk have been 
developed in an attempt t o  mimic the whey protein- 
to-casein ratio of human milk. Whey proteins from 
cow's milk, however, differ significantly from whey 
proteins from human milk (4). Two types of data 

have shown that whey proteins from cow's milk 
may not be better for infants than casein. First, a 
recent study by Janas et al. (5) indicated that in- 
dices of protein metabolism of infants fed a whey- 
predominant formula were no more like those of 
breast-fed infants than were indices of infants fed a 
casein-predominant formula. In addition, common 
measures of growth of infants fed either type of for- 
mula were found in several studies to  be similar to 
those of breast-fed infants (3,5,6). 

Composition of weight attained during growth of 
infants fed the two types of formulas or breast fed, 
however, has not been investigated. Some studies 
indicate that infants fed formula may have a dif- 
ferent pattern of growth than infants who are breast 
fed. Findings comparing growth of breast-fed and 
formula-fed infants are conflicting. Some studies 
show similar growth between breast-fed and for- 
mula-fed infants, whereas others suggest formula- 
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months of age grow more rapidly than growth stan- 
dard rates that are based on formula-fed infants. 
Persson (11) also found that Swedish infants who 
were entirely breast fed had greater weight and 
length velocities to 3 months of age than infants 
who were formula fed. Breast-fed infants were 
shown in one study to have greater skinfold thick- 
ness and thus were fatter than formula-fed infants 
(12), whereas in another study the formula-fed in- 
fants had greater skinfold thickness (13). Differ- 
ences in formula composition, differences in socio- 
economic and birth characteristics of the infants, 
and other factors may account for the discrepancies 
in growth observed. 

The purpose of this 16-week study was to com- 
pare growth and composition of growth of normal 
term infants who were exclusively breast fed or fed 
one of two formulas that differed primarily in whey 
protein-to-casein ratio. Intake of formula-fed in- 
fants and stool patterns of all infants were also eval- 
uated. 

MATERIALS AND METHODS 

Design 

For the formula-fed infants, the study was a 
blind, randomized design. Breast-fed infants were 
recruited throughout the study at a rate consistent 
with enrollment in the formula regimens. All infants 
were fed ad libitum. The three feeding regimens 
were "pure feeding groups" in the sense that the 
infants were either exclusively breast fed or bottle 
fed for the first 4 months of life. A subject was dis- 
qualified from the study if any significant source of 
calories other than breast milk or formula became 
part of the diet (> 10% of total calories for >3 con- 
secutive days). Measurements were taken 1-3 days 
after birth and at 2, 4, 8, 12, and 16 weeks of age. 

Subjects 

One hundred thirty-eight infants were enrolled. 
Data sufficient for analysis were obtained on 111 of 
these infants. Enrollment criteria were singleton 
birth; gestational age between 38 and 42 weeks as 
determined by Dubowitz et al. (14) score; birth 
weight > 10th and < 90th percentile for gestational 
age in relation to local reference data given by 
Vaucher et al. (15); Apgar score of 7 or greater at 1 
rnin and 8 or greater at 5 min; and apparent good 
health with no evidence of systemic disease. En- 
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trance criteria also required that both pa 
Anglo-American or Mexican-American, that the 

formula feed during the study period. Th 
for excluding 27 of the infants originally enrolled 
were failure to return to clinic for at least two of the 
testing periods (16 infants); excessive solid food in- 
take (four infants); feeding changed by parent (two 
infants); illness not formula related (three infants); 
constipation (one infant), and breast-fed infant 
mother receiving medication (one infant). Later at- 
trition of infants from the study was due mostly to 
mothers discontinuing breast feeding, missed visits, 
or failure to record dietary data. Three infants were 
removed because of reported allergic r 
their feedings; one fed Formula A and t 

The mothers were recruited from three prenatal 
clinics having similar economic and ethnic popda- 
tions affiliated with the University of Arizona. All 
infants were delivered at the University of Arizona 
Medical Center. Informed consent was obtained 
from parents of each infant prior to enrollment into 
the study. The study was reviewed and approved 
by the institutional review board of the University 
of Arizona Health Science Center. 

Feeding Regimens 

The three feeding regimens were as follows: (a) 
Formula A: Similac With Whey + Iron 20 (60:40 
whey protein-to-casein ratio), (b) Formula B: 
Similac 20 With Iron (wh 

the three feeding regimens with an 
equal number of boys and girls in e 
composition of formulas is 
cium and phosphorus concentratio 
were lower than in Formula B. Concentrations 0 
other nutrients were similar in the two formulas. 

Growth Measurements 

Birth weight was obtained fro 
sion records. At age 24 to 72 h a 
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riginally enroll 
soy oil (%) 
Coconut oil (%) 

sive solid food 

of Formula A and Formula B 

Formula A Forpu!a B 

1.64 1.60 
60:40 18:82 
3.60 3.64 

.---- , - 
'hree infants wer Bnc (mgldi) 0.59 0.50 
.ergic reaction Magnesium (mgldl) 5.3 5.7 

Manganese (pgldl) 3.4 3.4 
and two fed IF Copper (pddl) 80 90 

mula A was con Iodine (pgldl) 10 10 

Vitamins similar in both formulas and at concentrations within 
ranges mandated by the Infant Formula Act of 1980. Pobl. Law 

t (2,4,8, 12, and 16 weeks of age), anthropo- 
metric measurements were made. All follow-up 
visits occurred within 3 days of the scheduled date. 

rol were observed (16). 
everal outcome measures were calculated, in- 

: was an e cluding gains of weight, length, and head circumfer- 
ence; sum of eight skinfolds; midarm nonfat and fat 
area by an equation modified from Gurney and Jel- 
liffe (17); and total body fat by the equation of 
Dauncey et al. (18). Growth data were plotted on 
appropriate growth charts. 

Intake and Stool Records 
: two formulas. / Energy intake for the formula-fed infants was 

calculated from dietary records kept by the 
nts mothers on 3 randomly selected days between each 

n nursery ad visit (15 days total). A computer program was used 

~d at each fol to select the random recording days. Stool patterns 

were recorded on the same days as dietary records 
and included predominant stool color (yellow, 
green, brown, black, or mixed), consistency (wa- 
tery, slimy, soft, formed, hard), and number. Inci- 
dence of vomiting or spitting up was --+;; on the 
dietary record. lllness history was collected by in- 
terview at each visit. Records were kept in English 
or Spanish depending on mother's preference. 

Statistical Treatment 

To assess the initial homogeneity of the feeding 
groups, data collected at birth were compared using 
one-way analysis of variance. Serial growth, esti- 
mated fat and nonfat area of the arm, and total body 
fat and energy intake data were analyzed by re- 
peated measures analysis of variance. The analysis 
considered feeding regimen, sex, and time over 
which measurements of each infant were taken. 
Chi-square statistics were used in comparing the 
relative frequencies of the predominant stool color 
and consistency. 

RESULTS 

Growth and Adiposity 

Mean weights of male and female infants in each 
feeding group did not differ and were between the 
25th and 75th percentiles of National Center for 
Health Statistics (NCHS) growth standards at 
every age (Fig. 1) (19). Daily weight gains, in 
grams, also were not different among the groups 
between any of the six measurement periods (Table 
2). Boys, regardless of feeding group, weighed sig- 
nificantly more than girls at 4 weeks of age and at 
subsequent testing periods. 

Mean lengths remained at their respective NCHS 
percentiles during the study period. Length gain 
(mmlday) was greater for boys than girls between 
age 2 and 4, 8 and 12, and 12 and 16 weeks (Table 
3). Between 8 and 12 weeks, infants fed Formula A 
gained more length than breast-fed infants (p < 
0.05), and boys gained more length than girls in this 
feeding group. Between 12 and 16 weeks, infants 
fed Formula B showed a significantly greater length 
gain than infants fed Formula A (p < 0.05). 

Mean weight-for-lengths were similar among the 
feeding groups (Tmble 4). There were infants <loth 
and >90th percentile of NCHS curves in all three 
feeding groups. Mean head circumferences were 
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TABLE 2. Daily weight gain (g)  by age, sex, and feeding 

Male: Female: 
feeding group feeding group 

Interval (weeks) A B HM A B HM 
i t; 

Age (weeks) 

1-3 days 
66.1 

1.3 
I N 15 

1-3 days to 2 
Mean 
SEM 
N 

2-4 
Mean 
SEM 
N 

4-8 
Mean 
SEM 
N 

8- 12 
Mean 
SEM 

weeks 

! 2 
r Mean 71.8 

SEM 1.5 
, N 15 

4 
Mean 81.1 
SEM 1.7 ,....-- Whey-predominant formula 

---a Casein-predominant formula 
*.-.a Human milk 

15 

Mean 94.4 
2.5 

14. 
Mean 
SEM 
N 

12 
Mean 100.2 
SEM 2.9 

Age (Months) 

14 

Mean 108.5 
3.3 

14 

A, whey-predominant formula; B, casein-predominant for- 
mula; HM, breast feeding. 

75% 
7 

50% 

3 6 
25% 

5 .- 
2 

4 

3 , . . . . . . Whey -predominant formula 
---a Casein-  red om in ant fonula 

TABLE 3. Daily length gain (mm) by age, sex, 
and feeding A, whey-predomir 

mula; HM, breast fee 

Male: NO significant d B  

feeding group feeding group 

Interval (weeks) A B HM A B HM 

1-3 davs to 2 weeks nd 12 weeks, 
~ e a h  1.2 0.9 1.4 1.2 1.6 1.4 
SEM 0.2 0.2 0.2 0.2 0.2 0.2 
N 15 20 21 17 15 17 

2-4 
Mean 1.5 1.4 1.6 1.2 1.2 1.2 
SEM 0.2 0.1 0.2 0.2 0.2 0.2 
N 15 19 18 16 14 16 

4-8 I -.-.-o Human milk 

2 
Mean 
SEM 

N 
8-12 

Mean 
SEM 
N 

12-16 

Age (Months) 

FIG. 1. A: Mean (?SEM) weights, girls. B: Mean (2SEM) 
weights, boys. 

Mean 0.6 0.9 0.9 0.8 1.1 
SEM 0.1 0.1 0.1 0.1 0.1 not different among the feeding groups at birth and N 14 16 14 14 15 1 

were 250th percentile of the NCHS head circum- 
A, whey-predominant formula; B, casein-predonunant for- ference curve over the study period ('Eibles 5 and 

mula; HM, breast feeding. 
6). Boys, regardless of their feeding, had signifi- Males in all feeding groups gained signif~cantly 
cantly greater mean head circumferences than girls than females between 2 and 4, 

at testing periods (p < O.Ol]. Head circumfer- 0.05). Formula A group Dine 
breast-fed infants between 8 an 

ence gains were not different among the feeding g o u p  gained morelength than 
groups or between boys or girls, except between 8 16 weeks (p < 0.05). 
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TABLE 4. Weight 

v l A  B H  
B HM A B HM 

N 14.  17 26 15 15 14 

Mean 100.2 98.0 98.6 96.4 95.9 93.5 
SEM 2.9 1.5 2.4 2.2 2.3 2.2 
N 14 16 26 13 IS 13 

4 2.1 1.5 - - 
13 15 14 $1 SEM 2.9 1.5 2.4 2.2 2.3 2.2 

N 14 16 26 13 IS 13 
~sein-predominant for- \ t (  16 - 

Mean 108.5 103.9 103.1 100.3 99.6 98.5 ' 1  SEM 3.3 2.0 2.8 2.5 2.5 2.5 
N 14 16 16 15 IS 14 

A, whey-predominant formula; B,  casein-predominant for- 
mula; HM, breast feeding. 

No significant differences between groups or between sexes. 

sein-predonunant for- i 
12 and 16 weeks 

group between 12 and 

and 12 weeks, when boys fed Formula A had 
greater head circumference gain than girls. 

Sum of the eight skinfolds (Table 7) was not sig- 
nificantly different among feeding regimens or be- 
tween male and female infants. In all groups the 
mean sum of skinfolds increased over time. Percent 
fat area of arm (Table 8) was not significantly dif- 
ferent among the feeding groups except at 16 
weeks, at which time girls fed Formula B had sig- 
nificantly greater (p < 0.05) arm fat area than girls 
fed Formula A. Arm muscle area was also not dif- 
ferent among the feeding groups ('Ihble 9). Mean 
percent total body fat was not different between 
feeding groups at any testing period (Table 10). 
However, the degree of adiposity was highly vari- 
able among infants, with as much as a fivefold dif- 
ference in estimated total body fat within a feeding 
group. Estimated percent total body fat ranged 
from 3 to 16% shortly after birth to 11 to 38% at 16 
weeks among all feeding groups. In all feeding 
groups mean body fat increased -12% over the 
study period. 

TABLE 5 .  Head circumference (cm) by age, sex, 
and feeding 

Male: Female: 
feeping group feeding group 

Age (weeks) A B HM A B HM 

1-3 days 
Mean 34.6 34.9 34.9 34.4 34.3 34.2 
SEM 0.2 0.2 0.2 0.2 - 0.3 0.2 
N 15 21 21 19 15 18 

I 
L 

Mean 35.8 36.1 36.3 35.7 35.4 35.6 
SEM 0.2 0.2 0.2 0.2 0.3 0.2 
N I5 20 21 17 15 17 

4 
Mean 37.3 37.3 37.5 37.0 36.7 36.7 
SEM 0.3 0.3 0.2 0.2 0.4 0.2 
N 15 19 19 17 14 17 

8 
Mean 
SEM 
N 

12 
Mean 
SEM 
N 

16 
Mean 
SEM 
N 

A, whey-predominant formula; B, casein-predominant for- 
mula; HM, breast feeding. 

Boys had significantly greater head circumferences than girls 
at each time point. No significant differences between feeding 
groups. 

Energy Intake 

Neither the mean number of feedings per day nor 
the volume of feedings per day was different among 
the two formula groups, ranging between six and 
eight feedings daily. 

Total energy intake from all sources was almost 
identical to energy intake from formula, suggesting 
that the feeding regimens were indeed "pure 
feeding groups" in the sense that the infants re- 
ceived very little or no supplemental food. Daily 
energy intakes (kcalkglday) were not different be- 
tween the formula groups at any measurement in- 
terval (Table 11). There were no significant differ- 
ences in volume of formula or energy intake be- 
tween boys and girls. Intake of breast-fed infants 
was not measured. 

Intolerance, Spitting Up, and Stool Patterns 

Three infants (one fed Formula A and two fed 
Formula B) were considered treatment failures due 
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TABLE 6. Daily head circumference gain (cm) by age, 
sex, and feeding 

Male: Female: 
feeding group feeding group 

Interval (weeks) A B HM A B HM 

1-3 days to 2 weeks 
Mean 0.9 1.0 1.1 1.0 0.9 1.0 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 
N 15 20 21 17 15 17 

2-4 
Mean 1.0 0.8 0.9 0.9 1.0 0.7 
SEM 0.2 0.1 0.1 0.1 0.1 0.1 
N 15 19 19 16 14 16 

4-8 
Mean 0.6 0.7 0.6 0.6 0.6 0.5 
SEM 0.1 0.1 0.1 0.0 0.1 0.0 
N 14 17 15 15 14 14 

8-12 
Mean 0.6 0.5 0.4 0.3 0.4 0.5 
SEM 0.1 0.0 0.0 0.0 0.1 0.0 
N 14 16 14 14 15 13 

12-16 
Mean 0.3 0.4 0.4 0.3 0.4 0.3 
SEM 0.1 0.0 0.1 0.0 0.0 0.0 
N 14 16 14 14 15 14 

A, whey-predominant formula; B, casein-predominant for- 
mula; HM, breast feeding. 

No significant differences between feeding groups. 

TABLE 7. Sum of eight skin folds (mm) by age, sex, 
and feeding 

Male: Female: 
feeding group feeding group 

Age (weeks) A B HM A B HM 

1-3 days 
Mean 
SEM 
N 

2 
Mean 
SEM 
N 

8 
Mean 
SEM 
N 

12 
Mean 
SEM 
N 

16 
Mean 
SEM 
N 

A, whey-predominant formula; B, casein-predominant for- 
mula; HM, breast feeding. 

TABLE 8. Percent fat arm area by age, sex, and feeding 
- 

Male: Female: 
feeding group feeding group 

- 
Age (weeks) A B HM A B HM 

1-3 days 
Mean 16.8 16.9 17.5 16.3 16.7 16.9 
SEM 0.8 0.7 0.5 0.6 1.0 0.5 
N 15 21 23 19 I5 18 

2 
Mean 20.3 21.0 22.6 21.2 20.6 21.1 
SEM 0.6 0.8 0.8 1.1 0.9 0.7 
N 15 20 21 17 15 17 

4 
Mean 26.6 24.6 25.0 24.3 25.5 23.4 
SEM 1.3 1.2 1.1 1.5 1.0 0.7 
N 15 19 19 17 14 17 

8 
Mean 28.2 26.6 26.7 25.5 27.5 26.6 
SEM 1.4 1.2 1.5 1.3 1.2 0.7 
N 14 17 I5 15 15 14 

12 
Mean 28.9 26.4 27.2 27.4 28.2 26.3 
SEM 1.4 0.9 0.9 1.4 1.3 0.8 
N 14 16 14 14 15 13 

16 
Mean 27.3 26.2 26.9 24.0 29.0 25.9 
SEM 1.6 1.0 1.6 0.8 1.5 0.8 
N 14 16 14 15 15 14 

A, whey-predominant formula; B, casein-predominant for- 
mula; HM, breast feeding. 

Girls fed Formula B had significantly greater percent fat a m  
area than girls fed Formula A a t  16 weeks, p < 0.05. 

to adverse gastrointestinal symptoms that were as- 
sumed to be formula-related by the child's physi- 
cian. In only one case (Formula A) was the rela- 
tionship confirmed by a challenge with the formula. 
Thus, the incidence of intolerance did not differ 
among groups. Spit-up and vomiting incidents were 
not significanly different among feeding groups. 

Stools of infants fed the whey-predominant For- 
mula A differed noticeably from both the breast-fed 
and casein-predominant formula groups. Green was 
the predominant stool color throughout the study of 
infants fed Formula A. Most infants fed Formula B 
initially passed yellow stools with an increase in in- 
fants passing green stools at  subsequent periods. 
Stools of most breast-fed infants were yellow 
throughout the study. Stool consistency was signifi- 
cantly different between the breast-fed and all for- 
mula-fed infants at 4 and 8 weeks only. ConsistencY 
of stools from most formula-fed subjects was rated 
by the mothers as "soft," whereas the stools of 
most breast-fed infants were rated "slimy" or "wa- 
tery." 

TABLE 9. 1 

SEM I 

i N 1 
2 

Mean 
SEM 

N 1 j 4 
, Mean 

SEM 1 N 1 

1 12- 
I Mean 1 
1 SEM 
1 N I 
I l6 

Mean 
1 SEM 
: N 

1 A, whey-predc 
mula; HM, breas 

\ No significant 
I 

We detecte 
of growth of 
Formula B, 
breast fed. M 
group follow 
NCHS growt 

Weight ga i~  
were similar I 
These author 
and 112 day 
weight and 1 
between 8 a1 
our study sl 
length only. I 
infants drop] 
when compa 
mean weight 
and of form1 
NCHS perce 

Weight-fo 
1 ' 
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TABLE 9. Nonfat arm area (cm2) by age, sex, TABLE 10. Body fat (%) by age, sex, and feeding 
and feeding - Male: Female: 

Male: Female: feeding group feeding group 
feeding group feeding group 

Age (weeks) A ^ B HM A B HM 
Age (weeks) A B HM A B HM - 1-3 days 

1-3 days Mean 6.9 6.6 7.9 6.9 7.7 8.1 
Mean 7.9 7.2 8.0 7.7 8.1 8.0 SEM 0.6 0.6 0.6 0.7 0.7 0.5 
SEM 0.3 0.2 0.3 0.2 0.4 0.3 N 13 21 23 19 14 17 
N 15 21 23 19 15 18 2 . . 

2 
Mean 
SBM 
N 

4 
Mean 
SEM 
N 

24.0 29.0 25.9 ( 
0.". 

15 

ein-predominant for- 

eater percent fat arm 
p < 0.05. I 

I 
i 

)ms that were a 

xedominant For- 
3th the breast-fed 

I 

roups. Green was 
:hout the study of 
ts fed Formula B 
an increase in in- 
sequent periods. 
~ t s  were yellow ' 
tency was sign& 
it-fed and all for- 
mly. Consistency 
lbjects was rated 
:as the stools of 
"slimy" or "wa- 

8 
Mean 
SEM 
N 

12 
Mean 
SEM 
W 

16 
Mean 
SEM 
N 

A,  whey-predominant formula; B, casein-predominant for- 
mula; HM, breast feeding. 

No significant differences between groups. 

DISCUSSION 

We detected no important differences in the rate 
d growth of term infants fed casein-predominant 
Formula B, whey-predominant Formula A, or 
breast fed. Mean weight and length of each feeding 
group followed the 50th or greater percentile of 
NCHS growth curves. 

Weight gain and mean length gain of our subjects 
were similar to those observed by Fomon et al. (7). 
These authors, however, observed that between 8 
and 112 days breast-fed infants gained less in 
weight and length than formula-fed infants. Only 
between 8 and 12 weeks did breast-fed infants in 
our study show slower growth and this was in 
length only. Duncan et al. (20) found that breast-fed 
infants dropped in growth velocity at -3 months 
when compared with NCHS curves. In our study, 
mean weight and length for age of breast-fed infants 
and of formula-fed infants did not drop relative to 
NCHS percentiles over the 4 months of the study. 

Weight-for-length data suggest that there were 

Mean 
SEM 
N 

4 
Mean 
SEM 

Mean 
SEM 
N 

18.8 17.8 18.0 16.9 18.7 16.5 
1.2 1.2 1.4 1.5 1.6 0.9 

14 17 16 I5 I5 14 
12 

Mean 20.6 18.5 19.9 19.2 20.0 17.4 
SEM 1.4 1.2 1.9 1.6 1.8 1.1 
N 14 16 I5 13 15 13 

16 
Mean 21.0 21.4 19.1 18.6 22.5 19.3 
SEM 1.7 1.1 1.4 1.6 1.7 1.0 
N 14 16 14 15 15 14 

A, whey-predominant formula; B, casein-predominant for- 
mula; HM, breast feeding. 

No signif~cant differences between groups. 

TABLE 11. Daily formula intake (kcallkg) by age, sex, 
and formula 

Male: Formula Female: Formula 

Interval (week) A B A B 

0-2 
Mean 11 1 97 97 99 
SEM 5 5 7 7 
N 15 17 16 14 

2-4 
Mean 111 112 113 102 
SEM 5 6 8 8 
N 15 18 I5 14 

4-8 
Mean 101 109 106 94 
SEM 5 6 8 8 
N 13 17 15 14 

8-12 
Mean 95 113 106 106 
SEM 6 5 7 5 
N 13 14 13 14 

12-16 
Mean 89 102 100 97 
SEM 4 5 7 5 
N 13 14 13 14 

No signif~cant differences between formula groups. 
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lean and fat infants in all three feeding groups. As 
Dewey and Lonnerdal (21) observed and contrary 
to general belief, a breast-fed infant may become 
relatively fat. Measures of body composition, i.e., 
skinfold thickness, midarm fatfold, estimated per- 
cents of arm fat and nonfat areas, and estimated 
total body fat as percentage of body weight were 
also similar among the groups and similar to per- 
centage body fat values estimated by Dauncey et 
al. (18). Although mean percent body fat was 
slightly less 1-3 days after birth in our study than 
these researchers observed (8 versus 13%), by 16 
weeks of age the percent body fat of infants in all 
three groups was -20% and similar to values ob- 
tained by Dauncey et al. (18). There were infants 
with relatively high (>20%) and relatively low 
(<15%) body fat in each of the feeding groups by 
this age. 

This study suffers from the same difficulty as 
other studies in which one infant cohort is being 
breast fed: the lack of true randomization between 
formula- and breast-fed groups. The percent of 
breast-fed infants who completed the study period 
was only 66%, similar to that experienced by others 
(7), whereas 77% of infants in each of the formula 
groups remained in the study. Infants were re- 
moved from the breast-fed group mostly because 
they missed scheduled clinic visits, not because 
they grew poorly. Unlike most other studies com- 
paring formula-fed and breast-fed infants, the in- 
fants in our study were very similar. Their mothers 
were of similar ethnic and socioeconomic back- 
grounds and were recruited from the same health 
care centers. All mothers received the same stan- 
dard prenatal care provided by that center and were 
healthy. Also, each mother had firmly decided be- 
fore delivery either to breast feed or to formula feed 
her baby. Birth weights were not different among 
the feeding groups. In similar studies formula-fed 
infants have had lower birth weights than the 
breast-fed infants (8). Thus, the breast-fed and for- 
mula-fed infant cohorts in our study were likely 
more homogeneous than similar cohorts in other 
feeding studies. 

Energy intake was similar between the two for- 
mula groups. Mean daily energy intakes were <I15 
kcaVkg recommended by the National Academy of 
Sciences for infants for the first 6 months of life (22) 
and the 120 kcaVkg reported by Fomon et al. (7) in 
l-month-old formula-fed infants, Unlike the obser- 
vations of these authors, formula-fed infants in our 
study did not significantly decrease their energy 

consumption per kg body weight between birth and 
4 months of age by our method of recording intake. 

In the study of Sickles et al. (23) female infants 
fed a whey-predominant formula consumed signifi- 
cantly more formula than female infants fed the 
casein-predominant formulas. We found no such 
difference between infants fed whey- or casein-pre- 
dominant formulas over the 4 months of the study. 
Although the whey-predominant formula contained 
less calcium and phosphorus than the casein-pre- 
dominant formula, both formulas provided suffi- 
cient concentrations of these nutrients to meet a 
term infant's estimated needs (22). Both formulas 
also contained more of these minerals than typi- 
cally found in human milk. 

Stools of the infants fed the whey-predominant 
Formula A were predominantly green, whereas 
those of infants fed the casein-predominant formula 
were yellow or green and thus more like stools of 
breast-fed infants. These findings are similar to 
those of Malacaman et al. (24) who also found that 
stools of most infants fed whey-predominant for- 
mula containing 12 mg iron/L were green, whereas 
those fed iron-fortified casein-predominant formula 
were yellow or brown. The green stools were 
thought to result from an interaction between whey 
protein and iron. 

In summary, growth and estimated body fat and 
lean body tissue of term infants fed casein-predomi- 
nant or whey-predominant formulas were similar to 
those of breast-fed infants during the first 4 months 
of life. Stool patterns of infants fed the two for- 
mulas differed, with stools of infants fed casein-pre- 
dominant formulas being more like those of breast- 
fed infants. Evaluation of growth suggests that a 
whey-predominant formula offers no nutritional ad- 
vantage as judged by these parameters over a 
casein-predominant formula for term infants. 
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