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Energy requirements during pregnancy based on total energy
expenditure and energy deposition1– 4
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ABSTRACT
Background: Energy requirements during pregnancy remain controversial because of uncertainties regarding maternal fat deposition
and reductions in physical activity.
Objective: This study was designed to estimate the energy requirements of healthy underweight, normal-weight, and overweight pregnant women and to explore energetic adaptations to pregnancy.
Design: The energy requirements of 63 women [17 with a low body
mass index (BMI; in kg/m2), 34 with a normal BMI, and 12 with a
high BMI] were estimated at 0, 9, 22, and 36 wk of pregnancy and at
27 wk postpartum. Basal metabolic rate (BMR) was measured by
calorimetry, total energy expenditure (TEE) by doubly labeled water, and activity energy expenditure (AEE) as TEE Ҁ BMR. Energy
deposition was calculated from changes in body protein and fat.
Energy requirements equaled the sum of TEE and energy deposition.
Results: BMR increased gradually throughout pregnancy at a mean
(앐SD) rate of 10.7 앐 5.4 kcal/gestational week, whereas TEE increased by 5.2 앐 12.8 kcal/gestational week, which indicated a slight
decrease in AEE. Energy costs of pregnancy depended on BMI
group. Although total protein deposition did not differ significantly
by BMI group (mean for the 3 groups: 611 g protein), FM deposition
did (5.3, 4.6, and 8.4 kg FM in the low-, normal-, and high-BMI
groups; P ҃ 0.02). Thus, energy costs differed significantly by BMI
group (P ҃ 0.02). In the normal-BMI group, energy requirements
increased negligibly in the first trimester, by 350 kcal/d in the second
trimester, and by 500 kcal/d in the third trimester.
Conclusion: Extra energy intake is required by healthy pregnant
women to support adequate gestational weight gain and increases in
BMR, which are not totally offset by reductions in AEE.
Am J
Clin Nutr 2004;79:1078 – 87.
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INTRODUCTION

Extra dietary energy is required during pregnancy to make up
for the energy deposited in maternal and fetal tissues and the rise
in energy expenditure attributable to increased basal metabolism
and to changes in the energy cost of physical activity. Weight
gain during pregnancy results from products of conception (fetus, placenta, and amniotic fluid), increases in various maternal
tissues (uterus, breasts, blood, and extracellular extravascular
fluid), and increases in maternal fat stores. Hytten and Chamberlain (1) developed a theoretical model to estimate energy
requirements during pregnancy, assuming an average gestational
weight gain (GWG) of 12.5 kg (앒0.925 kg protein, 앒3.8 kg fat,
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and 앒7.8 kg water. This model was the basis of current recommendations for energy intakes in pregnant women (2, 3). Energy
requirements during pregnancy remain controversial because of
conflicting data on maternal fat deposition and putative reductions in the mother’s physical activity as pregnancy advances (4).
Integral to the energy requirements of pregnancy is the determination of desirable GWG and the inevitable deposition of
maternal fat. In 1990, the Institute of Medicine (IOM) recommended GWG ranges for women on the basis of body mass index
(BMI; in kg/m2): 12.5–18 kg for those with a low BMI (쏝19.8),
11.5–16 kg for those with a normal BMI (19.8 –26.0), and 7.0 –
11.5 kg (overweight, BMI 쏜26.0 –29.0) or 욷6 kg (obese, BMI
쏜29.0) for those with a high BMI (5). The recommended ranges
were derived from the observed weight gains of women delivering full-term, healthy infants without complications. A systematic review showed that GWG within the recommended
ranges was associated with the best outcome for both infants, in
terms of birth weight, and for mothers, in terms of delivery
complications and postpartum weight retention (6). Because
GWG influences energy requirements, maternal BMI should be
taken into account when making energy intake recommendations
for pregnant women.
Traditionally, the energy requirements of pregnant women
have been derived factorially from the increment in BMR and
energy deposited in tissues. This factorial approach ignores potential changes in physical activity and the thermic effect of
feeding. Alternatively, total energy expenditure (TEE) can be
measured by the doubly labeled water (DLW) method, which
captures BMR, activity energy expenditure (AEE), and thermic
effect of food (7). Energetic adaptations to pregnancy may be a
function of maternal BMI (4).
The purpose of this study was to define the energy requirements of healthy pregnant women with low, normal, or high
BMIs. The specific objectives were to 1) estimate energy depo1
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sition from changes in body protein and fat; 2) measure changes
in BMR, 24-h energy expenditure (24-h EE), AEE, and TEE
throughout pregnancy and postpartum; 3) determine the effect of
BMI status, weight, and body-composition changes on BMR,
24-h EE, and TEE; 4) determine the association between physical
activity and weight and body-composition changes during pregnancy and postpartum; and 5) define the energy requirements of
healthy pregnant women on the basis of the sum of TEE and
energy deposition.
SUBJECTS AND METHODS

Study design and subjects
Subjects were classified prepregnancy as underweight, normal weight, or overweight/obese into 1 of 3 BMI groups: low
BMI (울19.8), normal BMI (19.8 –26.0), or high BMI (욷26). In
the high-BMI group, 8 women were classified as overweight and
4 were classified as obese according to the IOM categories (5).
To be eligible for enrollment, the subjects had to be nonsmokers,
be aged 18 – 40 y, have a parity 울 4, and be moderately active (ie,
20 –30 min of moderate exercise 욷3 times/wk) and to not be
users of chronic medications or abusers of alcohol or drugs. At
enrollment, the women were nonanemic, normoglycemic, and
euthyroidic. A total of 124 healthy women were enrolled in the
study at baseline. During the course of the study, 76 women
became pregnant and 63 women delivered term, singleton infants
with birth weights 쏜2.5 kg. Gestational age was taken as reported in the hospital record or as determined with the Dubowitz
test, from the last menstrual period, or from ultrasound. Twelve
women were dropped from the study for the following reasons:
3 delivered sets of twins, 1 delivered a set of triplets, 5 delivered
preterm infants, 2 had miscarriages, and 1 developed preeclampsia. In addition, one woman moved away from the Houston area.
Anthropometry and body composition were measured in each
woman before pregnancy; at 9, 22, and 36 wk of pregnancy; and
at 2, 6, and 27 wk postpartum at the US Department of Agriculture/Agricultural Research Service Children’s Nutrition Research Center, Houston. The average time between baseline measurements and conception was 179 앐 184 d. During this period,
women recorded their weight weekly. Because weight changed
쏜5%, pregravid anthropometric and body-composition measurements were repeated in 8 women. Because dual-energy
X-ray absorptiometry (DXA) and total body nitrogen (TBN)
measurements involve some radiation exposure, these measurements were made only before and after pregnancy. This study
was approved by the Baylor Affiliates Review Board for Human
Subject Research, recruitment was done through local newspapers and community fliers, and informed written consent was
obtained from each woman.
Anthropometry and body composition
Body weight and height were measured with an electronic
balance (Healthometer, Bridgeview, IL) and stadiometer (Holtain Limited, Crymych, United Kingdom), respectively. Total
body potassium (TBK) was estimated from the 40K naturally
present in the body with the use of the Children’s Nutrition
Research Center whole-body counter (8). One gram of potassium
emits ␥ rays (1.46 MeV) at a constant rate of 200.4 photons/min,
which were detected by 30 NaI (Tl) detectors arranged in 2 arrays
above and below the body. The detectors were inside a shielded
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room to reduce background interference. The precision for the
TBK counter was 앐1%. Total body water (TBW) was determined by dilution of an orally administered dose of deuterium
oxide (40 or 100 mg 2H2O/kg) (Cambridge Isotope Laboratories,
Andover, MA). At 0, 22, and 36 wk of pregnancy and at 27 wk
postpartum, TBW was estimated by extrapolation to zero-time
intercept from samples collected daily for 13 d as part of the
DLW method. At 9 wk of pregnancy and at 2 and 6 wk postpartum, TBW was estimated with the plateau method from samples
collected 4 – 6 h postdose. Saliva samples were stored frozen at
Ҁ20 °C in o-ring sealed vials until analyzed for hydrogen isotope
ratio measurements by gas-isotope-ratio mass spectrometry (9).
Deuterium dilution space was converted to TBW by dividing by
1.04. Body density (Db) was measured with an underwater
weighing system with the use of force cube transducers (Precision Biomedical Systems Inc, State College, PA) (10). Body
volume was corrected for residual lung volume, which was measured separately by the simplified nitrogen washout method (11).
DXA (QDR2000, software version 5.56; Hologic Inc, Madison,
WI) was used to measure total-body bone mineral content
(BMC).
A four-component body-composition model using body
weight (in kg), TBW (in L) from 2H dilution, body volume (in L)
from densitometry, and BMC from DXA was used to compute fat
mass (FM; in kg) and fat-free mass (FFM; in kg) (12):

FM ⫽ 2.747 body volume ⫺ 0.71 TBW ⫹ 1.46 BMC
⫺ 2.05 weight
FFM ⫽ weight ⫺ FM

(1)
(2)

TBN was measured by prompt ␥ activation analysis. A shielded
241
AmBe source provided a collimated neutron beam through
which the subject was scanned. Four large-volume NaI (Tl) detectors with neutron ␥ shielding were positioned at 90° to both the
bed and source. Total body protein was computed as 6.25 ҂
TBN. Changes in total body protein during pregnancy were estimated from the serial TBK measurements, assuming a wholebody ratio of potassium to nitrogen of 2.15 mEq/g (13). Changes
in total body protein postpartum were estimated directly from the
differences in TBN measurements.
Energy deposition or mobilization was computed from the
changes in protein and FM between adjacent study intervals. The
energy equivalents for protein and fat deposition or mobilization
were taken as 5.6 and 9.2 kcal/g fat, respectively.
Respiration calorimetry
Oxygen consumption (V̇O2) and carbon dioxide production
(V̇CO2) were measured continuously in 31-m3 room calorimeters
for 24 h. The performance of the respiration calorimeters was
described in detail previously (14). Errors from 24-h infusions of
nitrogen and carbon dioxide were Ҁ0.34 앐 1.24% for V̇O2 and
0.11 앐 0.98% for V̇CO2 (14). The average temperature and
humidity within the calorimeter were 23.4 앐 0.3 °C and 47.4 앐
3.8%, respectively. All urine was collected during the 24-h calorimetry procedure. Urine samples were acidified with 6N HCl
and refrigerated. Urinary volume was measured and nitrogen
concentrations were determined by Kjeldahl digestion (Kjeltec
Auto Analyzer 1030; Tecator, Hoganas, Sweden), which were
followed by a phenol-hypochlorite colorimetric reaction (15).
From the 24-h V̇O2, V̇CO2, and urinary nitrogen excretion, TEE
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was computed according to Livesey and Elia (16). All milk
produced during the 24 h in the calorimeter was expressed with
an electric breast pump. After each pumping session, the milk
was weighed and a 10% aliquot was refrigerated and later pooled
for analysis; milk was analyzed for energy content by adiabatic
bomb calorimetry (Parr Instruments, Moline, IL).
Subjects adhered to a set schedule while in the calorimeter.
Calorimetry began at 0800. Meals were served at 0830, 1200, and
1730, with a snack at 1830. No food was allowed after 1900;
bedtime was at 2200. After fasting overnight for 12 h, the subjects
were awakened at 0645, were asked to void, and returned to
sleep. The subject was again awakened 앒30 min later. After it
was confirmed that they were awake, BMR was measured for 40
min. BMR was calculated by using the Weir equation (17).
TEE calculated with the doubly labeled water method
TEE, which was used to define energy requirements, was
measured with the DLW method (7). After a baseline saliva
sample was collected, the women received by mouth 100 mg
2
H2O and 125 mg H218O (both from Cambridge Isotope Laboratories) per kg body weight. One daily saliva sample was collected
at the subjects’ homes for the next 13 d and stored frozen at
Ҁ20 °C in o-ring sealed vials. The time of collection was
recorded.
Saliva samples were analyzed for hydrogen and oxygen isotope ratio measurements by gas-isotope-ratio mass spectrometry
(9). For hydrogen isotope ratio measurements, 10 L saliva
without further treatment was reduced to hydrogen gas with
200 mg Zn reagent at 500 °C for 30 min (18). The 2H/1H isotope
ratios of the hydrogen gas were measured with a Finnigan ␦-E
gas-isotope-ratio mass spectrometer (Finnigan MAT, San Jose,
CA). For oxygen isotope ratio measurements, 100 L saliva was
allowed to equilibrate with 300 mbar CO2 of known 18O content
at 25 °C for 10 h with a VG ISOPREP-18 water– carbon dioxide
equilibration system (VG Isogas, Limited, Cheshire, United
Kingdom). At the end of the equilibration, the 18O/16O isotope
ratios of the carbon dioxide were measured with a VG SIRA-12
gas-isotope-ratio mass spectrometer (VG Isogas, Limited).
The isotope dilution spaces for 2H (NH) and 18O (NO) were
calculated as follows:

NH or NO (mol) ⫽ d ⫻ A ⫻ Ea/a ⫻ Ed ⫻ 18.02
2

(3)

18

where d is the dose of H2O or H2 O (in g), A is the amount of
laboratory water (in g) used in the dose dilution, a is the amount
of 2H2O or H218O (in g) added to the laboratory water in the dose
dilution, Ea is the rise in 2H or 18O abundance in the laboratory
water after the addition of the isotopic water, and Ed is the rise in
2
H and 18O abundance over baseline values obtained from the
zero-time intercepts of the 2H and 18O decay curves in the saliva
samples.
V̇CO2 was calculated from the fractional turnover rates of 2H
(kH) and 18O (kO) as follows:

V̇CO2 (mol/d) ⫽ 0.4584 ⫻ 关共kO ⫻ NO兲 ⫺ 共kH ⫻ NH兲兴
(4)
In this equation, the in vivo isotope fractional factors ( f ) of
0.945 [f1, 2H2O(liquid) 7 2H2O(gas)], 0.990 [f2, H218O(liquid) 7
H218O(gas)], and 1.039 [f3, H218O(liquid) ѿ C16O2(gas) 7
H216O(liquid) ѿ C18O2(gas)]—measured at 37 °C—were used
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TABLE 1
Subject characteristics

Age (y)
Ethnicity (n)
White
African
American
Hispanic
Asian
Education (y)
Income (n)
쏝$20 000
$20 000–34 999
$35 000–49 999
쏜$50 000
Menarche (y)
Gravidity
Parity
1
2

Low BMI
(n ҃ 17)

Normal
BMI
(n ҃ 34)

High BMI
(n ҃ 12)

30.8 앐 3.91

30.3 앐 4.3

31.2 앐 4.5

15

25

9

0
1
1
17.6 앐 2.6

4
4
1
16.8 앐 2.2

2
1
0
16.2 앐 1.6

0
2
0
15
13.4 앐 1.6
0 (0–3)2
0 (0–1)

1
4
3
24
12.8 앐 1.4
1 (0–5)
0 (0–2)

1
0
2
9
12.3 앐 1.1
1 (0–4)
1 (0–2)

x 앐 SD (all such values).
Median; range in parentheses (all such values).

(19 –22). V̇CO2 was converted to TEE by using the Weir equation
(17) as follows:

TEE (kcal/d) ⫽ 22.4 ⫻ (1.106 ⫻ V̇CO2 ⫹ 3.941 ⫻ V̇O2)
(5)
where V̇O2 was calculated from the food quotient (FQ) of 0.86
with the use of the relation V̇O2 ҃ CO2/FQ according to Black et
al (23). AEE was estimated from nonbasal energy expenditure as
TEE Ҁ BMR. The physical activity level (PAL) was estimated as
TEE/BMR.
Statistics
MINITAB (release 13; Minitab Inc, College Station, PA) was
used for data description and statistical analysis, which included
Pearson’s correlations, paired t tests, chi-square tests, and linear
regression. Repeated-measures analysis of variance (BMDP5V;
BMDP Statistical Software, Berkeley, CA) was used to test for
the effects of BMI groups and time; the model included a grouping factor (low, normal, or high BMI), a time factor (0, 9, 22, and
36 wk of pregnancy or 2, 6, and 27 wk postpartum), and interactions between BMI group and time. Post hoc pairwise comparisons between BMI groups or time intervals were performed
by using Tukey’s method.
RESULTS

Of the 63 pregnant women who completed the study, 17 were
classified according to prepregnancy BMI as underweight, 34 as
normal weight, and 12 as overweight/obese (Table 1). Prepregnancy BMI was highly correlated with prepregnancy percentage
FM (%FM; r ҃ 0.79, P ҃ 0.001) and FM (r ҃ 0.94, P ҃ 0.001).
There were no statistically significant differences in age, ethnicity, family income, attained level of education, gravidity, or
parity in the low-, normal- and high-BMI groups. The mean age
of the 3 groups was 31 앐 4 y (range: 21–39 y). Fifty-seven
percent of the women were nulliparous, 35% had one child, and
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TABLE 2
Maternal weight and body composition throughout a reproductive cycle1
Pregnancy

Postpartum

0 wk
(baseline)

9 wk

22 wk

36 wk

2 wk

6 wk

27 wk

49.9 앐 3.9
59.3 앐 6.0
77.3 앐 10.2

51.9 앐 5.5
60.2 앐 6.4
81.8 앐 11.2

57.7 앐 4.8
65.1 앐 7.4
85.8 앐 10.4

63.0 앐 4.7
72.2 앐 8.4
93.8 앐 10.1

54.8 앐 4.8
64.8 앐 8.3
84.6 앐 10.4

54.4 앐 5.4
63.7 앐 8.8
83.9 앐 10.8

51.9 앐 4.9
61.5 앐 7.9
81.9 앐 11.3

18.9 앐 0.8
22.1 앐 1.5
28.8 앐 2.6

19.7 앐 1.5
22.3 앐 1.6
30.2 앐 3.5

21.8 앐 1.4
24.1 앐 2.0
32.0 앐 3.0

23.6 앐 1.6
26.8 앐 2.4
34.9 앐 3.1

21.0 앐 1.6
24.2 앐 2.5
31.6 앐 3.0

20.8 앐 1.7
23.8 앐 2.5
31.4 앐 3.1

19.7 앐 1.3
22.9 앐 2.2
30.4 앐 3.5

6.9 앐 0.9
7.6 앐 1.0
7.9 앐 0.7

6.8 앐 0.6
7.4 앐 1.0
7.8 앐 0.9

6.9 앐 0.7
7.5 앐 1.0
8.2 앐 0.6

7.5 앐 0.8
8.0 앐 1.1
9.0 앐 0.7

7.0 앐 1.0
7.6 앐 0.8
8.1 앐 0.6

6.9 앐 0.9
7.5 앐 0.9
8.0 앐 0.8

6.8 앐 0.8
7.6 앐 1.0
8.0 앐 0.6

39.0 앐 3.8
43.1 앐 4.7
47.8 앐 6.3

39.6 앐 4.1
43.0 앐 4.8
48.9 앐 5.3

42.6 앐 4.7
46.0 앐 5.2
51.0 앐 4.4

46.9 앐 4.5
51.4 앐 4.8
56.9 앐 5.2

40.2 앐 4.1
44.2 앐 4.3
49.4 앐 5.0

39.5 앐 4.4
43.5 앐 4.9
48.6 앐 4.7

37.9 앐 3.6
43.3 앐 4.8
48.5 앐 5.2

10.9 앐 2.9
16.8 앐 4.2
30.9 앐 6.0

12.4 앐 2.7
17.2 앐 3.7
33.0 앐 8.3

15.1 앐 4.0
19.1 앐 4.7
34.8 앐 8.1

16.1 앐 3.8
21.0 앐 5.6
37.0 앐 8.4

14.7 앐 3.4
20.6 앐 5.6
35.2 앐 8.3

14.9 앐 4.5
20.3 앐 5.7
35.3 앐 8.8

13.9 앐 4.3
18.2 앐 5.3
33.7 앐 11.0

21.9 앐 5.1
27.9 앐 5.9
39.2 앐 4.5

23.7 앐 4.0
28.5 앐 4.7
39.9 앐 5.5

26.1 앐 6.1
29.2 앐 5.4
40.1 앐 5.3

25.3 앐 5.5
28.6 앐 5.3
39.1 앐 6.0

26.7 앐 5.3
31.4 앐 5.5
41.2 앐 6.2

27.2 앐 6.7
31.4 앐 5.7
41.6 앐 5.9

26.6 앐 6.7
29.3 앐 6.1
40.3 앐 8.2

2,3

Weight (kg)
Low BMI
Normal BMI
High BMI
BMI2,3
Low BMI
Normal BMI
High BMI
Total body protein (kg)2,4
Low BMI
Normal BMI
High BMI
Fat-free mass (kg)2,4
Low BMI
Normal BMI
High BMI
Fat mass (kg)2,3
Low BMI
Normal BMI
High BMI
Fat mass (% by wt)2,3
Low BMI
Normal BMI
High BMI

All values are x 앐 SD. Low BMI (n ҃ 17), normal BMI (n ҃ 34), high BMI (n ҃ 12).
Significant differences between BMI groups during pregnancy (P ҃ 0.01– 0.001) and between weeks of pregnancy (P ҃ 0.001– 0.002).
3
Significant differences between BMI groups postpartum (P ҃ 0.01– 0.001).
4
Significant differences between BMI groups postpartum (P ҃ 0.01– 0.001) and between weeks postpartum (P ҃ 0.01– 0.05).
1
2

8% had 2 children. Most of the women (87%) worked outside of
the home: 44% were in business or administrative positions; 19%
were teachers, professors, or students; 19% were healthcare providers; 5% were physical trainers; and 13% were homemakers.
The mean numbers of hours worked outside the home were 42 앐
10, 38 앐 11, 37 앐 12, 38 앐 12, 8 앐 14, and 30 앐 17 h/wk at 0,
9, 22, and 36 wk of pregnancy and 6 and 27 wk postpartum,
respectively.
Maternal weight and body-composition measures are summarized in Table 2. Mean (앐SD) height did not differ significantly
between BMI groups and averaged 163 앐 6 cm. Mean gestational
duration was 38.3 앐 1.6, 39.3 앐 1.1, and 39.6 앐 1.2 wk in the
low-, normal-, and high-BMI groups, respectively. Mean GWGs,
computed as the difference in weight at delivery minus baseline,
were 15.0 앐 3.8, 14.5 앐 4.5, and 17.9 앐 5.4 kg, and mean birth
weights were 3.38 앐 0.44, 3.55 앐 0.39, and 3.82 앐 0.47 kg,
respectively, in the low-, normal-, and high-BMI groups. In the
low-BMI group, 2 (12%), 9 (53%), and 3 (18%) of the women
gained below, within, and above the IOM recommendations for
weight gain, respectively. In the normal-BMI group, 11 (32%),
11 (32%), and 12 (35%) of the women gained below, within, and
above the IOM recommendations, respectively. In the high-BMI
group, 100% of the women gained above the recommendations.
Details on changes in body weight and composition and their
influence on pregnancy outcome are published elsewhere (24).
At 2, 6, and 27 wk postpartum, 55, 53, and 39 of the 63 women
were breastfeeding, respectively.
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Energy deposition estimated from changes in body protein and
FM during the first, second, and third trimesters is summarized in
Table 3. Total protein deposition did not differ significantly
between BMI groups (611 g protein) and was highest in the third
trimester. Total FM deposition differed significantly by BMI
group (5.3, 4.6, and 8.4 kg FM in the low-, normal-, and highBMI groups; P ҃ 0.02) but not by trimester. Total energy deposition was higher in the high-BMI group than in the normalBMI group (P ҃ 0.02). Postpartum changes in total body protein
were greater earlier (2– 6 wk) than later (6 –27 wk). Postpartum
FM and energy deposition or mobilization did not differ significantly between BMI groups or time intervals.
BMR increased gradually throughout pregnancy at a mean
(앐SD) rate of 10.7 앐 5.4 kcal/gestational wk (mean regression
coefficient of energy expenditure on gestational week determined for each woman): 8.8 앐 4.5 kcal/wk in the low-BMI
group, 9.5 앐 4.6 kcal/wk in the normal-BMI group, and 16.3 앐
5.4 kcal/wk in the high-BMI group. Differences in BMR between
BMI groups differed by time (group ҂ time interaction, P ҃
0.002); at baseline, BMR differed between BMI groups (lowBMI group 쏝 normal-BMI group 쏝 high-BMI group). At 9, 22,
and 36 wk of pregnancy, BMRs of the low- and normal-BMI
groups were lower than BMR in the high-BMI group (Table 4).
FFM and FM explained 69 –72% of the variability in BMR.
When adjusted for weight or FFM and FM, BMR did not differ
significantly between BMI groups. Postpartum BMR did not
differ significantly from pregravid BMR, with or without adjust-
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TABLE 3
Energy deposition or mobilization on the basis of changes in body protein and fat during pregnancy and the postpartum period1
Pregnancy
0 –9 wk

9 –22 wk

33.0 앐 42.1
6.8 앐 46.6
68.1 앐 69.1

66.8 앐 18.7
52.7 앐 19.6
71.0 앐 31.5

Ҁ2.8 앐 8.2
Ҁ3.7 앐 6.1
Ҁ2.5 앐 10.0
16.5 앐 38.0
5.8 앐 49.3
41.3 앐 60.3

Postpartum
22–36 wk

2– 6 wk

6 –27 wk

53.7 앐 20.6
81.5 앐 21.3
83.2 앐 37.7

Ҁ11.9 앐 41.3
Ҁ23.4 앐 55.9
Ҁ26.6 앐 53.2

Ҁ17.3 앐 13.8
Ҁ15.5 앐 20.0
Ҁ14.4 앐 25.3

0.5 앐 4.3
1.5 앐 4.0
4.0 앐 7.5

4.8 앐 6.9
5.9 앐 6.3
8.4 앐 3.1

Ҁ6.1 앐 15.6
Ҁ5.3 앐 13.5
Ҁ6.3 앐 24.3

Ҁ0.1 앐 3.1
1.1 앐 3.8
1.0 앐 4.1

37.6 앐 30.7
20.0 앐 27.2
43.5 앐 27.6

18.2 앐 26.4
20.6 앐 31.4
22.6 앐 29.2

12.7 앐 84.6
Ҁ11.1 앐 59.1
Ҁ0.3 앐 90.5

Ҁ6.2 앐 13.7
Ҁ14.4 앐 20.4
Ҁ8.3 앐 34.5

3 앐 24
9 앐 23
22 앐 43

27 앐 39
33 앐 36
47 앐 18

Ҁ34 앐 88
Ҁ30 앐 76
Ҁ36 앐 137

Ҁ1 앐 18
6 앐 22
6 앐 23

153 앐 352
53 앐 456
382 앐 558

348 앐 284
186 앐 251
402 앐 255

168 앐 244
190 앐 290
209 앐 270

118 앐 783
Ҁ103 앐 546
Ҁ2 앐 837

Ҁ58 앐 127
Ҁ133 앐 189
Ҁ77 앐 319

137 앐 368
32 앐 461
367 앐 585

351 앐 276
207 앐 251
425 앐 257

181 앐 256
211 앐 297
256 앐 270

133 앐 782
Ҁ133 앐 568
Ҁ38 앐 895

Ҁ47 앐 139
Ҁ127 앐 193
Ҁ71 앐 327

2

Weight (g/d)
Low BMI
Normal BMI
High BMI
Protein (g/d)3
Low BMI
Normal BMI
High BMI
Fat mass (g/d)4
Low BMI
Normal BMI
High BMI
Protein (kcal/d)3
Low BMI
Normal BMI
High BMI
Fat mass (kcal/d)4
Low BMI
Normal BMI
High BMI
Total energy deposition or mobilization (kcal/d)4
Low BMI
Normal BMI
High BMI

Ҁ16 앐 46
Ҁ21 앐 34
Ҁ14 앐 57

All values are x 앐 SD. Low BMI (n ҃ 17), normal BMI (n ҃ 34), high BMI (n ҃ 12).
BMI group ҂ time interaction during pregnancy (P ҃ 0.001): 0 –9 wk of pregnancy, change in normal-BMI group 쏝 high-BMI group; 22–36 wk of
pregnancy, change in low-BMI group 쏝 normal- and high-BMI groups; significant differences between weeks postpartum (P ҃ 0.001).
3
Significant differences between weeks of pregnancy (P ҃ 0.001) and significant differences between weeks postpartum (P ҃ 0.001).
4
Significant differences between BMI groups during pregnancy (P ҃ 0.02– 0.03).
1
2

ment for weight or FFM and FM in all BMI groups. The absolute
and relative changes in BMR from baseline are presented in
Table 5.
24-h EE measured in the room calorimeter also increased
gradually over gestation at a mean (앐SD) rate of 11.3 앐 6.3
kcal/gestational wk in all women, 9.2 앐 5.5 kcal/wk in the lowBMI group, 10.3 앐 4.2 kcal/wk in the normal-BMI group, and
16.3 앐 9.2 kcal/wk in the high-BMI group. The rise in BMR
accounted for most of the rise in 24-h EE. The mean 24-h EE/
BMR in all women was 1.33 앐 0.07 during pregnancy. Differences in 24-h EE (kcal/d) between BMI groups were dependent
on time (P ҃ 0.04). 24-h EEs were lower in the low- and normalBMI groups than in the high-BMI group at 0, 9, 22, and 36 wk of
pregnancy. When adjusted for weight or FFM and FM in 2
analyses, 24-h EE differed by BMI group (P ҃ 0.003 and 0.03)
and time (P ҃ 0.001 and 0.01). Postpartum 24-h EE did not differ
significantly from pregravid 24-h EE, with and without adjustment for weight or FFM and FM. The absolute and relative
changes in 24-h EE from baseline are provided in Table 5.
TEE measured by the DLW method is summarized in Table 4.
During pregnancy, the isotope dilution spaces for 2H and 18O
differed by BMI group (P ҃ 0.001) and time (P ҃ 0.001), with
no significant group ҂ time interaction. Fractional turnover rates
of 2H and 18O did not differ significantly by BMI group or time.
TEE (kcal/d) differed by BMI group (high-BMI group 쏜 normalBMI and low-BMI groups; P ҃ 0.001) at 0, 22, and 36 wk of
pregnancy. TEE increased throughout pregnancy at a mean rate
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of 5.2 앐 12.8 kcal/gestational wk for all women. In the normalBMI group, TEE increased linearly at a mean rate of 7.4 앐 10.2
kcal/gestational wk. In the low- and high-BMI groups, mean TEE
decreased in the second trimester and then increased in the third
trimester; the overall increases were 2.0 앐 15.1 and 2.9 앐 16.2
kcal/wk in the low- and high-BMI groups, respectively. When
adjusted for weight, TEE did not differ significantly by BMI
group or time; when adjusted for FFM and FM, TEE declined
slightly through gestation in all BMI groups (P ҃ 0.03).
AEE and PAL decreased across pregnancy (0, 22, 36 wk of
pregnancy), displaying significant group x time interactions
(P ҃ 0.04). Further analysis indicated that AEE was significantly
lower in the normal-BMI than the high-BMI group before pregnancy. No significant differences in PAL were found among
BMI groups. PAL was significantly higher before pregnancy
than in the third trimester in all BMI groups.
Postpartum TEE was lower in the low-BMI group than in the
normal- and high-BMI groups (P ҃ 0.001). No significant differences were apparent between BMI groups after adjustment for
weight or FFM and FM. With or without adjustment for weight
or FFM and FM, postpartum TEE, PAL, and AEE were significantly lower than pregravid values in the low-BMI group (P ҃
0.004) but not in the normal- and high BMI groups.
Absolute changes in BMR and 24-h EE in the first trimester
(9 wk Ҁ baseline) were positively correlated with the corresponding change in weight and FFM (r ҃ 0.28 – 0.44, P 울 0.05)
but not with FM. Changes in BMR and 24-h EE in the second
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TABLE 4
Total energy expenditure measured by 24-h respiratory calorimetry and the doubly labeled water method during pregnancy and the postpartum period and
estimated total energy costs1
Postpartum2

Pregnancy
0 wk (baseline)

9 wk

22 wk

36 wk

27 wk

1201 앐 137
1323 앐 127
1505 앐 153

1234 앐 116
1350 앐 158
1600 앐 213

1330 앐 121
1413 앐 142
1693 앐 210

1573 앐 210
1673 앐 172
2016 앐 254

1254 앐 169
1323 앐 136
1505 앐 171

1627 앐 171
1760 앐 182
2074 앐 220

1626 앐 156
1771 앐 195
2145 앐 261

1742 앐 162
1854 앐 190
2245 앐 274

2064 앐 285
2164 앐 232
2595 앐 340

1681 앐 188
1784 앐 191
2054 앐 288

29.8 앐 3.0
33.1 앐 4.0
36.9 앐 5.4

—
—
—

33.5 앐 3.8
35.2 앐 3.9
39.4 앐 3.9

36.1 앐 4.0
40.1 앐 4.1
44.5 앐 4.2

28.8 앐 2.5
33.0 앐 3.8
36.8 앐 4.2

29.0 앐 3.1
31.8 앐 4.0
35.9 앐 5.1

—
—
—

32.6 앐 3.8
34.4 앐 3.9
38.0 앐 3.6

35.1 앐 3.8
39.2 앐 4.2
43.6 앐 4.2

27.7 앐 2.4
32.1 앐 3.8
35.8 앐 4.2

1.03 앐 0.01
1.03 앐 0.02
1.03 앐 0.02

—
—
—

1.03 앐 0.02
1.02 앐 0.02
1.03 앐 0.02

1.03 앐 0.01
1.02 앐 0.03
1.02 앐 0.01

1.04 앐 0.02
1.03 앐 0.02
1.03 앐 0.02

3

BMR (kcal/d)
Low BMI
Normal BMI
High BMI
24-h EE (kcal/d)4
Low BMI
Normal BMI
High BMI
NH (kg)5
Low BMI
Normal BMI
High BMI
NO (kg)5
Low BMI
Normal BMI
High BMI
NH/NO
Low BMI
Normal BMI
High BMI
kH (dҀ1)
Low BMI
Normal BMI
High BMI
kO (dҀ1)
Low BMI
Normal BMI
High BMI
AEE (kcal/d)6
Low BMI
Normal BMI
High BMI
PAL7
Low BMI
Normal BMI
High BMI
TEE (kcal/d)8
Low BMI
Normal BMI
High BMI
Total energy
costs (kcal/d)9
Low BMI
Normal BMI
High BMI

Ҁ0.100 앐 0.031
Ҁ0.103 앐 0.035
Ҁ0.111 앐 0.041

—
—
—

Ҁ0.100 앐 0.029
Ҁ0.102 앐 0.040
Ҁ0.099 앐 0.031

Ҁ0.098 앐 0.028
Ҁ0.104 앐 0.034
Ҁ0.104 앐 0.028

Ҁ0.132 앐 0.048
Ҁ0.108 앐 0.039
Ҁ0.105 앐 0.049

Ҁ0.128 앐 0.031
Ҁ0.130 앐 0.038
Ҁ0.139 앐 0.042

—
—
—

Ҁ0.125 앐 0.032
0.127 앐 0.041
Ҁ0.126 앐 0.034

Ҁ0.122 앐 0.030
Ҁ0.127 앐 0.035
Ҁ0.128 앐 0.030

Ҁ0.160 앐 0.048
Ҁ0.135 앐 0.040
Ҁ0.132 앐 0.053

912 앐 228
868 앐 296
1142 앐 319

—
—
—

720 앐 322
845 앐 330
905 앐 348

700 앐 446
752 앐 322
693 앐 402

602 앐 291
910 앐 331
909 앐 275

1.97 앐 0.25
1.84 앐 0.25
1.96 앐 0.22

—
—
—

1.72 앐 0.28
1.78 앐 0.28
1.72 앐 0.25

1.63 앐 0.33
1.62 앐 0.24
1.49 앐 0.22

1.68 앐 0.30
1.88 앐 0.29
1.77 앐 0.19

2348 앐 276
2434 앐 368
2940 앐 421

—
—
—

2272 앐 376
2520 앐 381
2887 앐 435

2439 앐 485
2693 앐 372
3020 앐 553

2020 앐 267
2480 앐 410
2708 앐 400

2348 앐 276
2434 앐 368
2940 앐 421

2497 앐 464
2423 앐 637
3308 앐 862

2542 앐 488
2758 앐 415
3381 앐 564

2658 앐 560
2904 앐 438
3280 앐 716

2042 앐 338
2590 앐 454
2815 앐 537

1
All values are x 앐 SD. Low BMI (n ҃ 17), normal BMI (n ҃ 34), high BMI (n ҃ 12). BMR, basal metabolic rate; EE, energy expenditure; NH, 2H dilution
space; NO, 18O dilution space; kH, 2H turnover rate; kO, 18O turnover rate; rCO2, carbon dioxide production rate; TEE, total energy expenditure; PAL, physical
activity level; AEE, activity energy expenditure.
2
Energy costs include changes in energy stores but do not include the energy cost of lactation.
3
BMI group ҂ time interaction during pregnancy (P ҃ 0.002): baseline, BMR in low-BMI group 쏝 normal-BMI group 쏝 high-BMI group; 9, 22, and
36 wk of pregnancy, BMR in low- and normal-BMI groups 쏝 high-BMI group; significant differences between BMI groups postpartum (P ҃ 0.001).
4
BMI group ҂ time interaction during pregnancy (P ҃ 0.04): 24-h EE in low- and normal-BMI groups 쏝 high-BMI group at 0, 9, 22, and 36 wk of
pregnancy; significant differences between BMI groups postpartum (P ҃ 0.001).
5
Significant differences between BMI groups during pregnancy (P ҃ 0.001), significant differences between weeks of pregnancy (P ҃ 0.001), and
significant differences between weeks postpartum (P ҃ 0.001).
6
BMI group ҂ time interaction during pregnancy (P ҃ 0.04): AEE in normal-BMI group 쏝 high-BMI group at baseline; significant differences between
BMI groups postpartum (P ҃ 0.01).
7
BMI group ҂ time interaction during pregnancy (P ҃ 0.04): PAL at baseline 쏜 36 wk of pregnancy in all BMI groups.
8
Significant differences between BMI groups during pregnancy (P ҃ 0.001), significant differences between weeks of pregnancy (P ҃ 0.02), and
significant differences between weeks postpartum (P ҃ 0.001).
9
Significant differences between BMI groups during pregnancy (P ҃ 0.02), significant differences between weeks of pregnancy (P ҃ 0.001), and
significant differences between weeks postpartum (P ҃ 0.001).
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TABLE 5
Changes (⌬) from baseline in energy expenditure and total energy costs during pregnancy and the postpartum period relative to prepregnancy baseline
values1
Postpartum2

Pregnancy

⌬BMR (kcal/d)
Low BMI
Normal BMI
High BMI
⌬BMR (%)
Low BMI
Normal BMI
High BMI
⌬24-h EE (kcal/d)
Low BMI
Normal BMI
High BMI
⌬24-h EE (%)
Low BMI
Normal BMI
High BMI
⌬TEE (kcal/d)
Low BMI
Normal BMI
High BMI
⌬TEE (%)
Low BMI
Normal BMI
High BMI
⌬Total energy costs (kcal/d)
Low BMI
Normal BMI
High BMI
⌬Total energy costs (%)
Low BMI
Normal BMI
High BMI

⌬0 –9 wk

⌬0 –22 wk

⌬0 –36 wk

41 앐 109
32 앐 111
107 앐 115

123 앐 126
95 앐 110
237 앐 162

305 앐 119
359 앐 140
566 앐 194

4 앐 124
17 앐 104
55 앐 98

4 앐 10
2앐8
7앐8

11 앐 14
7앐9
16 앐 11

25 앐 10
28 앐 11
38 앐 14

1 앐 11
2앐4
4앐7

100 앐 181
103 앐 101
251 앐 209

336 앐 152
405 앐 162
626 앐 275

Ҁ6 앐 148
45 앐 92
68 앐 152

7 앐 12
6앐6
13 앐 11

20 앐 9
23 앐 9
31 앐 15

0.3 앐 9
3앐5
4앐8

—
—
—

Ҁ91 앐 442
123 앐 341
16 앐 652

41 앐 553
287 앐 377
149 앐 571

Ҁ411 앐 388
84 앐 400
Ҁ171 앐 433

—
—
—

Ҁ3 앐 18
6 앐 14
3 앐 23

3 앐 23
13 앐 16
6 앐 20

Ҁ16 앐 15
4 앐 17
Ҁ5 앐 14

137 앐 368
32 앐 461
367 앐 585

163 앐 512
356 앐 416
441 앐 755

294 앐 602
496 앐 368
434 앐 806

Ҁ530 앐 302
Ҁ33 앐 472
Ҁ276 앐 497

6 앐 16
1 앐 20
12 앐 19

8 앐 22
16 앐 17
17 앐 28

14 앐 26
22 앐 16
17 앐 29

Ҁ21 앐 13
Ҁ0.4 앐 20
Ҁ8 앐 17

Ҁ15 앐 117
16 앐 107
103 앐 165
Ҁ0.5 앐 7
1앐6
5앐8

⌬0 –27 wk

All values are x 앐 SD. Low BMI (n ҃ 17), normal BMI (n ҃ 34), high BMI (n ҃ 12). BMR, basal metabolic rate; EE, energy expenditure; TEE, total
energy expenditure.
2
Energy costs include changes in energy stores but do not include the energy cost of lactation.
1

trimester (22 wk Ҁ 9 wk) were positively correlated with the
corresponding increment in weight (r ҃ 0.35– 0.52, P 울 0.01)
and FFM (r ҃ 0.37– 0.38, P 울 0.01) but not with FM. Changes
in BMR and 24-h EE in the third trimester (36 wk Ҁ 22 wk) were
positively correlated with the corresponding increment in weight
(24-h EE: r ҃ 0.45, P ҃ 0.001) and FFM (r ҃ 0.26 – 0.46, P 울
0.05) but not with FM. Birth weight was positively correlated
with the changes in BMR and 24-h EE, especially in the third
trimester (r ҃ 0.48 – 0.59, P ҃ 0.001). Gestational changes in
TEE did not correlate with the changes in weight or body composition.
First-trimester changes in BMR and 24-h EE relative to
prepregnancy EE values (Table 5) were not related to prepregnancy BMI or %FM. Second-trimester absolute changes in BMR
and 24-h EE relative to prepregnancy EE values were related to
prepregnancy BMI and %FM (r ҃ 0.26 – 0.30, P 울 0.04). Thirdtrimester absolute and relative changes in BMR and 24-h EE
relative to prepregnancy EE values also were related to prepregnancy BMI and %FM (r ҃ 0.27– 0.49, P 울 0.05). Rates of change
in BMR (10.7 앐 5.4 kcal/gestational wk) and 24-h EE (11.3 앐
6.3 kcal/gestational wk) across the entire pregnancy were posi-

Downloaded from https://academic.oup.com/ajcn/article-abstract/79/6/1078/4690222
by guest
on 14 May 2018

tively correlated with GWG and FFM gain (r ҃ 0.34 – 0.49, P 울
0.01) and with prepregnancy BMI and %FM (r ҃ 0.30 – 0.42,
P 울 0.02). By multiple regression, GWG, FFM gain, and
prepregnancy BMI and %FM accounted for 40% of the variability in BMR and 33% of the variability in 24-h EE. Absolute
changes in TEE were positively correlated with FFM gain (r ҃
0.31, P ҃ 0.02) but not with GWG and prepregnancy BMI or
%FM.
Neither PAL nor AEE at 22 and 36 wk of pregnancy was
shown to be associated with gestational changes in weight, FFM,
or FM. PAL and AEE at 27 wk postpartum were not associated
with postpartum changes in weight, FFM, or FM between 6 and
27 wk postpartum. PAL at 22 and 36 wk of pregnancy was
negatively correlated with birth weight. By multiple regression,
birth weight was significantly predicted from sex, gestational
age, and PAL at 22 wk (PAL coefficient ҃ Ҁ0.40, P ҃ 0.038;
R2 ҃ 0.31, P ҃ 0.001) and 36 wk (PAL coefficient ҃ Ҁ0.58, P ҃
0.007; R2 ҃ 0.28, P ҃ 0.001).
Total energy costs derived from the sum of TEE and energy
deposition or mobilization are summarized for the low-, normal-,
and high-BMI groups in Table 4. TEE at 9 wk of pregnancy was

ENERGY COST OF PREGNANCY

assumed to be equal to baseline TEE. Total energy costs at 0, 9,
22, and 36 wk of pregnancy differed by BMI group (P ҃ 0.02;
low-BMI group 쏝 normal-BMI and high-BMI groups) and time
(P ҃ 0.001). Postpartum energy costs in the low-BMI group were
lower than those in the normal- and high-BMI groups (P ҃
0.001) and lower than their own pregravid values (P ҃ 0.004).
For the subset of women who gained within the IOM recommendations for GWG, energy deposition averaged 31, 278, and
98 kcal/d in the low-BMI group and Ҁ32, 256, and 227 kcal/d in
the normal-BMI group; total energy requirements were 2427,
2602, and 2604 kcal/d in the low-BMI group and 2182, 2561, and
2723 kcal/d in the normal-BMI group during the first, second,
and third trimesters, respectively. The values differed from
prepregnancy energy requirements by 31, 205, and 175 kcal/d in
the low-BMI groups and by Ҁ32, 301, and 510 kcal/d in the
normal-BMI groups, respectively. All of the women in the highBMI group gained above the IOM recommendations. Postpartum, an additional allowance is required to cover the costs of
lactation. In those women who exclusively breastfed their children (n ҃ 6), mean milk production was 820 g/d with an energy
concentration of 0.63 kcal/g; therefore, an additional 531 kcal/d
was required to cover their energy needs. In the women who
partially breastfed their children (n ҃ 33), an additional 413
kcal/d (mean: 664 g/d with 0.64 kcal/g) was needed.
DISCUSSION

This study determined the extra dietary energy needs during
pregnancy from the sum of TEE and energy deposition and resolved uncertainties regarding maternal fat deposition and putative reductions in physical activity. However, recommendations
for energy intake in pregnant women must be population-specific
because of differences in body size and lifestyles. The extent to
which women change their habitual activity patterns during pregnancy will be determined by socioeconomic and cultural factors
specific to the population. The subjects in the current study were
representative of healthy moderately active American women
with low, normal, or high prepregnancy BMIs. As is characteristic of pregnant women (4, 25), high variability was seen in their
rates of GWG, energy deposition, and energy expenditure, and
thus, in their energy costs during pregnancy.
In our study, the energy deposited in maternal and fetal tissues
as fat was estimated from a multicomponent body-composition
model based on TBW, body volume, and BMC, and as protein
from TBK measurements. Total fat accretion, the major contributor to energy deposition, averaged 3.7 kg (range: 2.4 –5.9 kg)
when measured by using valid body-composition models in
many studies of well-nourished pregnant women (26 –35). Mean
fat gains in this study were 5.3, 4.6, and 8.4 kg for women in the
low-, normal-, and high-BMI groups. For those women who
gained within the IOM recommendations for GWG, the mean fat
gains were 3.5 and 4.6 kg for women in the low- and normal-BMI
groups. As described in our companion article about body composition (24), excessive GWG was attributed primarily to FM
gain, not protein accretion, and is undesirable. Maternal fat retention at 27 wk postpartum was significantly higher in women
who gained above IOM recommendations for GWG than in those
who gained within or below recommendations.
As a result of increased tissue mass, the energy cost for maintenance rises during pregnancy. The increase in BMR is one of
the major components of the energy cost of pregnancy. Several
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longitudinal studies have been published that measured changes
in BMR throughout pregnancy (27–30, 36 –38). In these studies,
BMR increased over prepregnancy values by 5%, 11%, and 24%
in the first, second, and third trimesters, which was similar to
what was observed among our women in the low- and normalBMI groups. However, striking variability in metabolic response
was seen between the women in our study; BMR (and sleeping
metabolic rate) decreased relative to pregravid values during the
first and second trimesters in some women and increased steadily
throughout pregnancy in the others. In the high-BMI group, the
increase was greater (7%, 16%, and 38% in the first, second, and
third trimesters, respectively), consistent with their greater GWG
and FFM gain. We also found that the increments in BMR and
24-h EE in the second and third trimesters were correlated not
only with changes in weight and FFM but also independently
with prepregnancy BMI or %FM. Together, GWG, FFM gain,
and prepregnancy BMI and %FM explained 33– 40% of the
variability seen in the overall changes in BMR and 24-h EE. In a
cross-country comparison, cumulative increases in BMR were
significantly correlated with total weight gain (r ҃ 0.79, P 쏝
0.001) and prepregnancy %FM (r ҃ 0.72, P 쏝 0.001) (4). This
relation was also seen within populations in the United Kingdom
(28, 39) and The Gambia (40).
Whole-room 24-h respiration calorimetry was performed in
well-nourished pregnant women in only a few studies (29, 39,
41). 24-h Respiration calorimetry can demonstrate changes in the
components of TEE under standardized protocols. The increment in 24-h EE observed during pregnancy was largely due to
the increase in BMR. The mean ratio of 24-h EE to BMR or PAL
was 1.33 and represents 24-h EE under sedentary conditions and
may be considered the minimal daily energy expenditure for
basic survival.
Free-living TEE was measured by DLW in a few longitudinal
studies of well-nourished pregnant women (28, 38, 42, 43). In
these studies, TEE increased on average by 1%, 6%, and 19%
over pregravid values in the first, second, and third trimesters,
respectively. BMR increased by 2%, 9%, and 24%, and AEE
changed by Ҁ2%, 3%, and 6% relative to baseline. Because of
the larger increment in BMR, PAL decreased from 1.73 to 1.60
at term in these studies. In the current study, TEE increased more
modestly (3–13% by the third trimester), but baseline TEE and
PAL were higher than in the other publications. Because of
individual differences in physical activity, AEE is highly variable. The women in the low-BMI group conserved more AEE as
pregnancy advanced; BMR and 24-h EE increased by 25% and
20%, but TEE increased by only 3% in the third trimester. AEE
and PAL decreased in all BMI groups as pregnancy advanced.
Activity records confirmed a decrease across all categories, ranging in intensity from occupational and home activities to sports.
Although activity records provide insight into types of activities,
they do not provide quantitative estimates of energy expenditure.
The DLW method in conjunction with a measure of BMR provides a quantitative estimate of AEE—the amount of energy
expended in physical activity. In the pregnant women in the
current study, the energy conserved by the decrease in AEE did
not totally compensate for the rise in BMR and energy deposited
in maternal and fetal tissues.
We did not find that PAL or AEE was associated with gestational changes in weight, FFM, or FM. Interestingly, birth weight
was inversely associated with PAL at 22 and 36 wk of pregnancy.
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This is consistent with the negative effect of vigorous exercise on
birth weight and gestational duration reported by others (44).
Recommendations for energy intake during pregnancy should
be derived from healthy populations with favorable pregnancy
outcomes. In the current study, the healthy well-nourished
women in the normal-BMI group who delivered term infants
with birth weights 쏜2.5 kg form the basis of our recommendations. Special considerations should be given to the women with
low and high BMI because energetic adaptations or responses to
pregnancy may not reflect optimal nutritional conditions. In the
current study, total energy costs of pregnancy were estimated
from the sum of TEE and energy deposition in maternal and fetal
tissues. GWG is a major determinant of the incremental energy
needs during pregnancy, because it determines not only energy
deposition but also the increase in BMR and TEE resulting from
the energy cost of moving a larger body mass. Mean GWG in the
low- and normal-BMI groups was within IOM recommendations; absolute and relative increases in BMR were similar, but
the increase in TEE was less in the low- than in the normal-BMI
group because of a greater conservation in AEE. GWG in the
high-BMI group was excessive and should be discouraged to
prevent poor maternal and fetal outcomes (5). On the basis of the
women in the normal-BMI group, the incremental needs during
pregnancy were negligible in the first trimester, 350 kcal/d in the
second trimester, and 500 kcal/d in the third trimester over nonpregnant values. Because of higher GWGs, maternal fat depositions, and increments in BMR, these estimated energy requirements are higher than the 1985 FAO/WHO/UNU (2) and 1989
US recommendations for energy intakes in pregnant women (3).
Reductions in physical activity do not totally compensate for
increases in BMR and energy deposited in maternal and fetal
tissues; thus, increases in dietary energy intakes are required as
pregnancy progresses.
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