












TABLE 4
Body compositional changes during lactation predicted from measurements of water displacement and skinfold
thickness

Mo Water displacement Skinfoid thickness
postpartum Body density Body fat (%) LBM (%) Body density Body fat (%)t LBM (‘�)

0 1.036 (0.01 14 28.1 (5.0) 46.3 (4.8)
1 1.036 (0.016) 28.0 (7.4) 43.7 (4.8) 1.036 (0.010) 27.6 (4.6) 44.1 (5.0)
2 1.038 (0.014) 27.2 (6.3) 44.0 (5.5) 1.037 (0.01 1) 27.3 (5.0) 43.7 (5.3)
3 1.039 (0.016) 26.3 (6.8) 43.8 (5.4) 1.037 (0.01 1) 27.2 (5.3) 43.4 (5.1)
4 1.040 (0.016) 26.3 (7.6) 43.2 (5.2) 1.038 (0.01 1) 27.0 (5.1) 42.9 (5.4)

* 134�Jy fat (%) calculation based on triceps, biceps, and subscapular skinfold thickness. Due to measuring

difficulties, the suprailiac site was not used in the calculation.
t No statistically significant differences between methods (paired t test).

:1:Mean (SD).

TABLE 5
Maternal energy balance during lactation

Energy Energy
interval Energy �uiv�ent �uivaent Res�duai

(n) intake � � milk producedt energy�

Calculated from weight change (kcal/day):
MoO-l (32) 2390(539) -726(409) 652(171) 2463 (656)
Mo 1-2(39) 2098(536) -141 (275) 586(146) 1653 (470)
Mo2-3(35) 2232(594) -147(287) 581 (154) 1798 (489)
Mo3-4(37) 2089(496) -251(432) 590(137) 1750(473)
Mol-4(45) 2182(453) -154(243) 595(111) 1741 (380)

Energy Energy Residual
equivalent equivalent ene v�

body fat change* LBM changel

Calculated from skinfold thickness (kcal/day):
MoO-I (32) 2390(539) -353(344) -88(69) 652(171) 2179 (593)
Mo 1-2(39) 2098(536) -82(335) -15(48) 586(146) 1610(470)
Mo2-3(35) 2232(594) -22(423) -24(43) 581(154) 1697(531)
Mo3-4(37) 2089(496) -193(322) -21(62) 590(136) 1713(424)
Mol-4(45) 2182(453) -110(216) -18(28) 595(111) 1714(364)

Calculated from water displacement values (kcal/day):
Mo 1-2(35) 2054(513) -268(691) 11 (103) 584(146) 1727(645)
Mo2-3(34) 2221(599) -119(738) -12(100) 585(155) 1766(788)
Mo 3-4 (37) 2089 (496) -126 (801) -30 (102) 590 (136) 1655 (678)
Mol-4(45) 2182(453) -137(316) -6(39) 595(111) 1729(430)

* Assumption: energy equivalent of wt changes = 6500 kcal/kg.

t Assumption: 80% energetic efficiency for converting dietary to milk energy.
:J:Residual energy = energy intake - energy equivalent wt change - energy equivalent of milk produced.
§ Assumption: energy equivalent of body fat change = 9100 kcal/kg

II Assumption: energy equivalent of LBM change = 1200 kcal/kg
#{182}Residual energy = energy intake - energy equivalent body fat change - energy equivalent LBM change -

energy equivalent of milk produced.
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relationship as Y = 556 + 0.077 X where Y
represents milk production (g/day) and X
signifies energy intake (kcal/day). Approxi-
mately 13% of the variability in milk pro-
duction was accountable by dietary energy
intake. The dietary components, protein,
carbohydrate, and fat, had no detectable im-
pact on milk quantity or quality.

There were no significant interactions be-

tween milk quantity/quality and the battery
of maternal anthropometric indices. The
variables explored were maternal weight,
height, metabolic size (weight #{190}),body sur-
face area, change in body fat, prepregnancy
weight, and weight gain during pregnancy.

There were a total of 68 reported mci-
dences of maternal illness, among which
colds, mastitis, headaches, and influenza
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predominated. Because study procedures
were postponed in the event of illness, the
direct effect of morbidity on milk produc-
tion could not be evaluated.

Discussion

The intent of this study was to examine
the influence of maternal diet and body
composition on lactational performance
among well-nourished women. Anthropo-
metric, dietary, and socioeconomic data sug-
gest that these women were well nourished.
Their educational level and income bracket
would suggest, although not insure, that ac-
cess to an adequate diet was not limited by
lack ofknowledge or funds. Adequate weight
gains during pregnancy, 14.4 (3.3) kg, and
satisfactory infant birthweights, 3.58 (0.45)
kg, are indirect indicators ofgood nutritional
status during pregnancy. These mothers en-
tered lactation with ample energy reserves.
Although their diets contained somewhat
less than the recommended allowance for
energy, they provided sufficient quantities
of protein, vitamin A, thiamin, niacin, and
ascorbic acid, which indicates a judicious
selection of nutrient-dense foods. It should
be noted that the computerized dietary pro-
gram did not analyze the diets for several
nutrients which tend to be marginal in diets
ofreproductive women, eg, vitamin B6, zinc,
folic acid, and magnesium. However, the
conscientious ingestion of vitamin-mineral
supplements probably safeguarded against
dietary insufficiencies.

The adequacy of lactational performance
may be evaluated by the quantity and qual-
ity of milk produced and by the growth of
the recipient infant. The levels of milk pro-
duction recorded in this study conformed to
the classic observations of Wallgren (1 5) and
to more recent reports in the literature (4,
16-19). Typical milk production rates
ranged from 600 to 900 g/day. Although
exceptionally high milk outputs have been
cited for Australian women (20), it is unclear
whether or not their performance is typical
of most lactating women.

The milk composition in this study was
within expected norms. The concentration
of TN and its partitiDn between PN and
nonprotein nitrogen were similar to those of

other studies (4, 2 1). The fat concentrations
agreed with some reports (22, 23), but were
at variance with others (24, 25). The energy
density, 0.65 (0.09) kcal/day, was slightly
less than the generally accepted norm of 0.67
kcal/day and can be attributed to the slightly
lower fat concentration, 34.3 (6.9) mg/g.
The 24-h milk aliquot obtained in this study
accounted for diurnal variation in fat con-
centrations and changes throughout a single
feed, and therefore may be more represent-
ative of an infant’s average intake than al-
ternative sampling techniques.

Infant growth compared favorably with
NCHS reference standards (26). The mean
weights of these infants were consistently
greater than the mean weights of NCHS
study populations. There was a slight tend-
ency for weight for age percentiles to de-
crease after the first month of life at a rate
of 2.6 percentile/month. However, none of
the infants displayed clinically significant
deviations from growth percentiles defined
at birth.

It may be concluded that the lactational
performance of these women was adequate
by most standards. Difficulties arise, how-
ever, in the attempt to compare the perform-
ance ofthe women in this study with that of
women in various studies performed under
different experimental conditions or proce-
dures. Nevertheless, the milk production
and resultant infant growth encountered in
the present study were consistent with re-
ports from well-nourished populations.

The energy intakes, 2 186 (463) kcal/day
or 37 (10) kcal/kg/day, recorded in this study
were consistent with recent reports in
the literature of well-nourished, lactating
women (27-30), although not invariably so
(3 1-34). Recent reports from the US mdi-
cate a mean energy intake of approximately
2027 kcal/day, or 32.5 kcal/kg/day in those
studies where maternal weight was meas-
ured. In contrast, investigations conducted
in the UK, Scotland, and Australia found
higher energy intakes among lactating
women, which averaged 2708 kcal/day or
45.2 kcal/kg/day in those studies stipulating
maternal weight. Regression analysis indi-
cated that a caloric intake of approximately
2600 kcal/day was associated with no weight
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loss which would be undesirable for most
women in the present study.

In the foregoing dietary studies, milk pro-
duction was not measured, but was assumed
to he adequate. In this study, milk produc-
tion was dependent partially on maternal
energy intake. In the 2nd and the 3rd
months postpartum, a significant correlation
was found between milk production and
maternal energy intake, although energy in-
take accounted for only 13% ofthe variabil-
ity in production. Consumption of a diet
that is constantly low in energy may result
in a diminution in milk production of din-
ical significance to the infant.

Clearly, mobilization of maternal tissue
reserves can subsidize the energy cost of
lactation. The inverse relationship between
energy intake and the amount of energy
mobilized from LBM and body fat substan-
tiates the adaptive interaction of diet and
body reserves. Irrespective of the methodo-
logical approach, the estimated energy mo-
bilized from the tissues was less than the 200
to 300 kcal/day assumed in the calculation
of the recommended dietary allowances for
energy during lactation. On the average,
2300 kcal/day derived from diet and tissue
reserves seemed to be required for adequate
milk production among these women. Milk
production was not dependent, however, on
the amount of tissue reserves. Mothers
whose body fat content was less than 20%
did not produce less milk; they did, however,
tend to consume more energy, 2369 (364)
kcal/day. It would be misleading to propose
a critical energy level required for milk pro-
duction for all women. A recommended
range of energy intakes would be more ap-
propriate since a woman’s total dietary en-
ergy requirement is highly dependent upon
her metabolic and activity needs, as well as
her tissue reserves.

Energy expenditure was not measured in
this study, but was deduced from maternal
energy balance calculations. Regardless of
the methodological approach, approxi-
mately 1730 kcal/day were available for
maintenance and activity needs after ac-
counting for the energy cost of lactation.
The basal metabolic requirement (BMR) of
these lactating women would be 1389 (132)
based on body surface area calculated ad-

cording to Fleish (35). Subtracting this from
the residual energy, approximately 340 kcal/
day would remain for activity.

Blackburn and Calloway (27) measured
total and basal energy expenditure in a group
of mature, lactating women. The BMR of
12 lactating women 8 to 12 wk postpartum
averaged 1 157 ( 164) kcal/day or 18.2 kcal/
kg/day. The BMR calculated for the women
in this study may be an overestimation, be-
cause ofthe increased adiposity postpartum.
Total energy expenditure among the lactat-
ing women described by Blackburn as seden-
tary, averaged 1852 ( 166) kcal/day, which is
comparable to the residual energy calculated
for the women in this study. The partition
ofresidual energy between maintenance and
activity needs is somewhat arbitrary, but
nevertheless informative. The approach
used in this study derived estimates of BMR
which appeared slightly elevated and esti-
mates of activity needs which seemed
slightly low, even for sedentary lifestyles.

The level of energy balance attained by
these lactating women was physiologically
sound. The energy available from the diet
and tissue reserves adequately supported
milk production and normal metabolic and
activity needs. The majority of women was
in negative weight balance, but not to their
detriment. Most mothers were still above
their prepregnancy weights at 4 months
postpartum.

It would appear, therefore, that the red-
ommended energy allowance of 2500 kcal/
day is in excess ofthe needs ofthese lactating
women. It should be noted that this recom-
mendation is based on a milk production of
850 g/day which is greater than that ob-
served in this study. The overall mean intake
of 2 1 86 kcal/day supported adequate lacta-
tion and permitted a gradual reduction in
maternal weight. This conclusion is contin-
gent on the reliability of the dietary records.
The 3-day records were verified against 7-
day records in a previous study and found
to be in agreement (36), nevertheless, the
relative uncertainty of dietary intake is fully
acknowledged.

Human milk produdtion and composition
are recognized to vary considerably among
individuals. Within the ranges encountered
in this study, maternal characteristics ex-
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plained only a small portion of the variabil-
ity in milk production. Besides the moderate
influence of maternal energy intake on milk
production already discussed, dietary com-
ponents were not related to milk quantity or
quality. Neither body size nor composition
influenced milk production. Although there
appeared to be some consistency of milk
quantity and quality within individuals, the
determinant maternal characteristics were
not identified.

Summary

Successful lactational performance was
documented in 45 well-nourished mothers.
Milk production, in terms of quantity and
quality, and infant growth were satisfactory
by current standards. Maternal energy in-
takes were less than current recommended
allowances, but compatible with adequate
milk production and a gradual reduction in
maternal weight.

The authors thank the women who cooperated in
the study; CJ Heinz, JM Hopkinson, PhD, CA Jean,
and L Smith for field work; M Saldivar, M Peter, and
L Sneider for technical assistance; CA Wills for data
management; ER Klein for editorial review, and ME
Boyd and CA Daniels for skillful preparation of the
manuscript.
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