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Abstract

Infants regulate food intake primarily to satisfy energy needs. Feedings with widely different energy densities (e.g., 54 vs 100 
kcal/100 ml) result in different energy intakes in infants <2 months old but not later. It is not known how infants handle smaller dif-
ferences in energy density. We used two milk-based formulas that were practically identical in composition except that one (Formula 
A) was lower in fat content (2.70 g/100 g) and energy density (60.2 kcal/100 g) than the other (Formula B, fat 3.43 g/100 g, 68.9 
kcal/100 g). The primary study outcome was weight gain, with amount of formula and other foods consumed the secondary outcome. 
Normal term infants (N = 76) were enrolled before 9 days of age and assigned randomly to one of the formulas, which were fed during 
the entire study to age 224 days (exclusively until 140 days of age). Of the 61 infants who completed the study and whose data are re-
ported, 31 (14 males, 17 females) were fed A and 30 (16 males, 14 females) were fed B. Weight was measured every 14 days until 56 
days and then every 28 days. Food intake was determined by weighing containers. Other foods were permitted after 140 days of age.

Results: Between 8 and 224 days of age, infants fed A consumed significantly more formula (155 ± 12 g/kg/d) than infants fed B 
(137 ± 11 g/kg/d; p < 0.001). On the other hand, total energy intakes were similar: 94.3 ± 5.7 kcal/kg/d with A and 95.6 ± 6.4 kcal/
kg/d with B. Between 8 and 56 days, there was no significant difference in energy intake. Intake of other foods after 140 days was 
similar. There were no feeding-related differences in anthropometric results. We conclude that infants compensate fully for a modest 
difference in energy density of formula. 
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Introduction
The breastfed infant seems to have the ability to self-regulate 

the amount of milk consumed, in spite of wide variability of milk 
composition combined with the mother's inability to determine 
the amount of milk consumed [1]. This shows that the infant must 
be able, within limits, to self-regulate the amount of milk con-
sumed in order to meet needs. What we know about this ability of 
the infant we know from studies where formulas with different ca-

loric densities were fed. These studies indicate that infants regulate 
the volume of intake in order to meet needs for energy.

Studies examining the ability of the infant to regulate the intake 
of feeds have used formulas with variable caloric density. Thus, 
when in the study of Fomon., et al. [2] formulas that differed greatly 
in caloric density (54 vs 100 kcal/100 ml) were fed ad libitum to 
normal female infants, those infants fed the 54 kcal/100 g formula 
consumed 201 g/kg/d during the period 8-42 days, whereas in-
fants fed the 100 kcal/100 g formula consumed 126 g/kg/day. This 
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translated to calorie intakes of 107 kcal/kg/d with the low-calorie 
formula and 126 kcal/kg/d with the high-calorie formula. The dif-
ference in caloric intake was reflected in a difference in weight gain, 
which was 29.8 g/d with the low-calorie formula compared to 41.9 
g/d with the high-calorie formula (p < 0.01) However, during the 
older age interval 42 -112 days, intakes of calories were similar 
with the two formulas, and accordingly weight gain was similar. 
Clearly, during the first 42 days of life, infants are not able to make 
up completely for a two-fold difference in caloric density, whereas 
infants older than 42 days are able to adjust the volume of formula 
consumed to make up for this large difference in caloric density. 
These findings confirmed those reported earlier by Fomon., et al. 
[3] from comparing formulas with caloric densities of 67 kcal/100 
g and 133 kcal/100 g in normal male infants. Again, infants young-
er than 42 days were not able to compensate fully for the difference 
in caloric density, whereas infants aged 42-112 days were able to 
compensate and did so with remarkable precision.

The present study was undertaken to determine whether the 
regulatory mechanism is able to recognize and make up for a much 
smaller difference in caloric density (68 vs 60 kcal/100 g). The 
study was also extended to 224 days of age in order to examine 
if the regulatory mechanism also works when a portion of the in-
take is provided by other foods besides formula. The primary study 
outcome was weight gain, with amount of formula and other foods 
consumed as secondary outcomes. 

Methods 
Study design

This prospective, double-blind, randomized trial was designed 
to test the hypothesis that growth would be similar but that amount 
of formula consumed would be different so that energy intake 
would be similar by infants fed study formulas that differed only 
in caloric density by a small margin. Full-term male and female in-
fants were enrolled at 8 ± 2 days of age and studied to 224 ± 4 days 
of age. At enrollment, infants were assigned randomly with the use 
of sealed envelopes to one of two formulas (Formula A and Formula 
B) that were provided in ready-to-feed form in quart cans that were 
identical in appearance except for the formula code. Infants were 
fed the assigned study formula ad libitum from 8 through 224 days 
of age. Parents were requested not to feed complementary foods 
until after 140 days. Primary study outcome was weight gain, with 
weight of formula consumed and energy intake as secondary out-
comes. 

Sample size: A difference in weight gain of 3 g/day was deemed 
relevant in accordance with stipulations used by the U.S. Food and 
Drug Administration. Therefore, 28 infants per group were needed 
to detect a difference of 3 g/day with power of 0.8 and at p<0.05. 
Allowing for a drop-out rate of 25%, 76 infants needed to be en-
rolled.

Subjects

Infants born at term and considered normal by both their par-
ents and by the investigators were enrolled at 8 ± 2 days of age. Of 
76 infants enrolled, 61 (31 females and 30 males) completed the 
study as planned and only their data were utilized. Infants were 
born between April 6, 1992 and June 22, 1993. Reasons for drop-
ping out were mostly technical in nature (family moving away; in-
ability to keep appointments; missed appointments). Infants were 
similar in birth weight (Table 1) and socio-demographic character-
istics (not shown). The study protocol was approved by the Univer-
sity of Iowa Committee on Research Involving Human Subjects and 
one or both parents gave informed written consent.

Formula A Formula B

Birth Males

Females

3536 ± 470

(n = 14)*

3429 ± 415

(n = 17)

3494 ± 381

(n+16)

3348 ± 572

(n = 14)

112 days
Males

Females

6841 ± 662

6323 ± 660

6978 ± 680

6395 ± 499

224 days
Males

Females

8735 ± 912

8352 ± 933

8992 ± 721

8233 ± 919

Table 1: Infant weight (g, means ± SD).

* number of subjects who completed the study.

Study feedings

Two formulas were used that were nearly identical in compo-
sition except that one (Formula A) had a lower fat content than 
the other (Formula B) (Table 2). The difference in fat concentra-
tion explained a difference in caloric density of about 8 kcal/100 g. 
Protein was provided by whey-predominant bovine milk proteins 
and carbohydrate by lactose. The formulas were prepared specifi-
cally for the study and were made available in ready-to-feed form 
in quart cans. 
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Formula A Formula B
Protein (g) 14.3 14.6
Lactose (g) 73.4 74.8
Fat * (g) 27.8 35.8
Energy (kcal)
Calculated 601 680
Bomb calorimetry 602 690
Calcium (mg) 683 763
Phosphorus (mg) 419 462

Table 2: Nutrient composition of study formulas (per 1000 g).

* Blend of high-oleic safflower oil, soy and coconut oils and egg 
phospholipids.

After age 140 days, parents were free to purchase and feed com-
mercially available baby foods (no beverages) of one manufacturer. 
In the cases where this was done, we collected the empty contain-
ers and weighed them. From the weight of food consumed and the 
label information, we calculated calories consumed and added 
them to those consumed from formula.

Study procedures

Infants visited the Lora N. Thomas Infant Metabolic Unit before 
9 days of age, within 2 days of ages 14, 28, 42 and 56 days, and 
within 4 days of ages 84, 112, 140, 168, 196 and 224 days. At each 
visit body weight and length in the nude state were measured us-
ing standard techniques. At some visits samples of capillary blood 
were obtained (data not shown). 

A supply of formula sufficient for 7 days was weighed and deliv-
ered to the family. When a new supply was delivered 7 days later, 
the cans from the previous supply, including full, empty and par-
tially empty cans, were collected and again weighed. The difference 
in weight was taken as the weight of formula consumed. Commer-
cially prepared complementary foods were purchased after 140 
days of age by the parents and empty containers were collected by 
us and weighed for determination of amount consumed. Energy in-
take was calculated from the weight of formula and complementary 
foods consumed and their respective energy density. For formulas 
the calculated energy density was used. Protein intake was deter-
mined in similar fashion (data not shown). Personnel involved in 
the study were blinded as to the caloric density of formulas.

Data analysis

Data analysis included descriptive statistics and general linear 
models analysis. Repeated-measures and cross-sectional analyses, 
taking into account infant sex, were performed. For the purpose of 
comparison, reference data from prior studies using identical tech-
niques and involving 340 female and 380 male infants fed formulas 
with standard caloric density are included [3].

Results
Amount of food consumed

Data on weight of food consumed are summarized in table 3. 
Food consumption (g/kg/day) was higher by infants fed Formula A 
in all age intervals and both genders. The difference was statistical-
ly significant in all age intervals, except in females between 8 and 
56 days of age. Intakes by males tended to be slightly higher than 
those by females. Intakes by infants fed Formula B were similar to 
intakes by the reference infants. Overall, food intake by infants fed 
Formula A was higher than that by infants fed Formula B.

Age  
interval 
(days)

Formula A p-
value Formula B Reference

Females (N = 17) (N = 14) (N = 340)
8 - 56 d 184 ± 16 NS 175 ± 26 175 ± 20
56 - 112 d 165 ± 15 0.003 147 ± 16 150 ± 14
8 - 112 d 174 ± 12 0.012 160 ± 19 161 ± 14
112 - 224 
d 145 ± 10 0.002 132 ± 10 --

8 - 224 d 159 ± 9 0.001 145 ± 12 --
Males (N = 14) (N = 16) (N = 380)
8 - 56 d 193 ± 16 0.004 171 ± 19 177 ± 19
56 - 112 d 171 ± 20 0.001 144 ± 13 148 ± 13
8 - 112 181 ± 13 0.001 157 ± 14 161 ± 13
112 - 224 147 ± 12 0.004 134 ± 15 --
8 - 224 163 ± 12 0.001 145 ± 9 --

Table 3: Food intake* (g/kg/d; means ± SD).

* Intake of formula plus, after 140 days of age, intake of other 
foods.

Energy intake

Table 4 summarizes data on energy intake. It is evident that 
energy intakes were very similar by infants fed Formula A and 
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Formula B, and that intakes of both groups were similar to intakes 
by the reference group. None of the differences in mean values 
were greater than 5 kcal/kg/d, with the exception of the difference 
among females from 8 to 56 days of age, where average intake by 
infants fed Formula A was 8 kcal/kg/d lower than that by infants 
fed Formula B, and 6 kcal/kg/d lower than intake by the reference 
group. Neither of these differences, nor any other differences, were 
statistically significant. Overall, energy intakes by infants fed the 
two formulas did not differ significantly.

Females
Age Interval Formula A Formula B Reference

(N = 17) (N = 14) (N = 340)
8 - 56 d 108± 10 116 ± 17 114 ± 13
56 - 112 d 96 ± 9 97 ± 11 98 ± 9
8 - 112 d 101 ± 7 106 ± 13 105 ± 9
112 - 224 d 85 ± 6 87 ± 6 --
8 - 224 d 93 ± 5 96 ± 7 --

Males
Age Interval Formula A Formula B Reference

(N = 14) (N = 16) (N = 380)
8 - 56 d 112 ± 9 113 ± 13 116 ± 13
56 - 112 d 100 ± 12 95 ± 8 98 ± 9
8 - 112 d 106 ± 8 103 ± 9 106 ± 9
112- 224 d 86 ± 6 88 ± 9 --
8 - 224 d 95 ± 6 95 ± 6 --

Table 4: Energy Intake (kcal/kg/d, means ± SD).

Weight gain

Table 5 shows weight gain for the various age intervals. The 
differences between Formulas A and B were generally small. How-
ever, between 8 and 56 days the difference among females was 2.8 
g/d and among males 3.3 g/d. Although none of these differences 
reached statistical significance, the differences are not exactly triv-
ial. They suggest that the mechanism regulating food intake, or the 
capacity to adjust volume of intake, have not quite reached matu-
rity. Differences in weight gain between infants fed Formulas A and 
B on the one hand and the reference group on the other hand were 
very small and not in the same direction. The same was true of dif-
ferences in length gain and differences in skinfold thick ness (data 
not shown).

Females
Age Interval Formula A Formula B Reference

(N = 17) (N = 14) (N = 340)
8 - 56 d 32.3 ± 6.6 35.1 ± 7.7 32.1 ± 6.5
56 - 112 d 23.9 ± 4.4 24.2 ± 5.2 23.6 ± 5.4
8 - 112 d 27.8 ± 4.1 29.2 ± 6.0 27.5 ± 4.9
112- 224 d 18.1 ± 3.3 16.4 ± 4.9 --
8 - 224 d 22.8 ± 3.2 22.6 ± 5.2 --

Males
Age Interval Formula A Formula B Reference

(N = 14) (N = 16) (N = 380)
8 - 56 d 36.1 ± 8.9 39.4 ±  8.1 38.3 ± 7.0
56 - 112 d 27.5 ± 5.9 27.4 ±  6.6 26.9 ± 6.6
8 - 112 d 31.4 ± 5.2 33.0 ±  6.9 32.2 ± 5.6
112- 224 d 16.9 ± 3.5 18.0 ±  2.7 --
8 - 224 d 23.9 ± 3.8 25.2 ±  3.9 --

Table 5: Weight Gain (g/d, means ± SD).

Discussion
The ability of the breastfed infant to obtain the amount of milk 

needed for growth and well-being is essential for survival Neville 
[1]. From what little is known about the regulatory mechanisms 
involved, it has been concluded that the infant regulates intake pri-
marily to satisfy caloric needs. The caloric density of breast milk 
changes dramatically during each feeding session. It also differs 
between morning and evening and between left and right breast. 
The breastfeeding mother is not aware of these changes and is not 
able of estimate the volume of milk the infant consumes [5]. De-
spite these limitations, the infant obtains the amount of milk he/
she needs in order to thrive. This ability shows that the infant must 
possess well-functioning mechanisms that enable him/her to con-
sume exactly the amount of milk needed.

In two prior studies from this unit (Fomon., et al. [1,2]) it was 
shown that even two-fold differences in caloric density are fully 
compensated by normal infants older than 42 days. What is new in 
the present study is that it shows full compensation for very small 
differences in caloric density, and that the mechanism is nearly fully 
developed in the infant younger than 56 days. On the other hand, in 
a study in which skim milk (36 kcal/100 g) was compared to a reg-
ular formula in infants aged 112 to 167 days, it was found that in-
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fants were not fully compensating for the large difference in caloric 
density [6]. The reason for this inability is not clear. It could be that 
the caloric density of 36 kcal/100 ml was just too low for infants 
to fully compensate. Another possibility is that the high protein 
concentration of skim milk (3.56 g/100 g) prevented infants from 
compensating for the difference in caloric density. Which raises the 
question of whether the regulatory mechanism can be overruled 
by factors other than caloric density? Infants are known to respond 
to sweet taste in the short run. In the study by Nisbett and Gurwitz 
[7] a formula in which two-thirds of the lactose was replaced by the 
more sweet-tasting sucrose, infants consumed significantly more 
of the sweeter tasting formula than of the all-lactose formula. Also, 
Fomon., et al. [8] fed to normal female infants between 8 and 112 
days of age formulas that contained as the carbohydrate either su-
crose or a bland tasting corn starch hydrolysate in a cross-over de-
sign. When infants received the sucrose-containing formula, they 
consumed significantly greater amounts of calories than during 
intervals when they received the hydrolysate-containing formula. 
Despite these differences, overall weight gain was not significantly 
different. These studies demonstrate that the calorie regulatory 
mechanism can be overruled by taste. On the other hand, salty taste 
did not seem to do what sucrose did, as shown by Fomon., et al. [9] 
in a study comparing consumption of salted solid foods with that of 
unsalted foods and finding no difference in consumption. Similarly, 
calorie intake was not affected when the ratio of energy supplied 
by carbohydrate and fat was altered [10], strengthening the view 
that the afferent limb of the regulatory mechanism is indeed the 
caloric content of food. It is thus evident that the mechanism regu-
lating calorie intake can be overruled by certain factors, such as 
sweetness, but not by some other factors.

Thus, although components of the infant's diet other than calo-
ries may provide afferent input to the infant, what is known favors 
energy as the dominant influence. One conclusion is that attempts 
to limit the energy intake of infants by simply diluting feedings 
are bound to fail, given the powerful mechanisms that have been 
demonstrated in the present and in prior studies. The mechanism 
seems to be functioning for feedings like formula. The nature of the 
mechanism is not known. The infant may sense the energy density 
of milk or sense the energy contained in a meal of milk consumed. 
The infant also may rely on internal satiety signals to adjust overall 
milk intake to the desired level. It is of course possible that proper-
ties other than energy, such as protein content or flavor, also influ-

ence the volume of milk consumed. What little is known suggests 
that milk intake is regulated to achieve the necessary calorie intake.

The present study was undertaken to examine the infant's abil-
ity to detect, and adjust intakes for, small differences in caloric 
density of the feeding. To summarize, although there were some 
small differences in energy intake (females only) and weight gain 
(females and males) during the age interval 8 - 56 days, the dif-
ferences were not statistically significant and also were inconsis-
tent in direction relative to the reference data. We conclude that 
the mechanism(s) controlling energy intake are already function-
ing well even in the young infant, but attain their full maturity not 
until after 56 days of age. After that age, the mechanism seems to 
function with remarkable precision, allowing only very small dif-
ferences in caloric intake. Even when, after 140 days of age, other 
foods provide some of the intake, the regulatory mechanism func-
tions with high precision.

Conclusion
The present study presents further evidence for the existence 

of regulatory mechanisms that allow the infant to regulate his/her 
caloric intake with considerable precision. Nothing is known about 
the mechanism involved except that it can be overruled by strong 
sweet taste of the feeding.
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