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Energy expenditure during pregnancy: a systematic review

Claudia Savard, Audr�ee Lebrun, Sarah O’Connor, B�en�edicte Fontaine-Bisson, François Haman, and
Anne-Sophie Morisset

Context: Contrary to nutritional guidelines, accumulating evidence shows that
pregnant women’s energy intakes remain stable throughout trimesters. Although
pregnant women may eat below their needs or underreport their energy intakes, it
is also relevant to question how energy requirements – estimated through meas-
urements of energy expenditure (EE) – change throughout pregnancy. Objective:
This review examined prospective studies that measured EE during pregnancy, fol-
lowing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. Data sources: PubMed/MEDLINE, Web of Science, Embase, and CINAHL
databases were searched to identify relevant publications up to November 14,
2019. Study selection: All studies that measured EE prospectively and objectively
during pregnancy were included in this systematic review. Two authors indepen-
dently screened 4852 references. A total of 32 studies were included in the final
analysis. Data extraction: One author extracted data and assessed the risk of bias
and a second author did so for a random sample of studies (n¼ 7; 22%). Data
analysis: Increases in resting EE ranged from 0.5% to 18.3% (8–239 kcal), from
3.0% to 24.1% (45–327 kcal), and from 6.4% to 29.6% (93–416 kcal) between early
and mid-, mid- and late, and early and late pregnancy, respectively. Increases in to-
tal EE ranged from 4.0% to 17.7% (84–363 kcal), from 0.2% to 30.2% (5–694 kcal),
and from 7.9% to 33.2% (179–682 kcal) between early and mid-, mid- and late,
and early and late pregnancy, respectively. Participants were mainly of normal
weight, although many studies did not report important covariates such as pre-
pregnancy body mass index and gestational weight gain adequacy. Conclusions:
Additional high-quality longitudinal studies (ie, with multiple objective measure-
ments of EE in all periods of pregnancy while considering important confounding
variables, like gestational weight gain) are required.
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INTRODUCTION

Pregnancy represents a crucial period in a woman’s life

owing to, among other things, the numerous physiolog-

ical changes the mother undergoes to ensure optimal fe-

tal growth and development.1,2 In fact, to account for

the increased maternal energy expenditure (EE) due to

the mother’s weight gain and the development of ma-

ternal and fetal tissues, the dietary reference intakes rec-

ommend a daily increase of 340 and 452 kcal in energy

intake (EI) in the first and third trimesters, respec-

tively.3 These additional EIs should support the moth-

er’s increasing EE and allow the accumulation of energy

stores during pregnancy.3,4 Nevertheless, it should be

noted that the dietary reference intake recommenda-

tions are based on a limited number of studies that all

took place before 20005–19 and on a theoretical model

developed by Hytten and Chamberlain in 1991.20 It is

therefore possible that the resulting EI recommenda-

tions do not reflect the needs of pregnant women nowa-

days, who are generally older,21 have more sedentary

behaviors, and have different body compositions than

the populations studied at the time these recommenda-

tions were being developed.22–24 The EI recommenda-

tions have not been revised since then, even though the

guidelines for gestational weight gain (GWG) were

updated in 2009 to better represent the needs of women

from all prepregnancy weight categories.25

Furthermore, other authors have observed, through

longitudinal studies, little to no augmentation in EI

across trimesters of pregnancy, which is in contradic-

tion to current recommendations.26–29 One systematic

review evaluating studies that measured EI throughout

pregnancy also found no prospective increase in EI

even though women gained a significant amount of

weight during their pregnancy.30 In fact, excessive ges-

tational weight gain (GWG) is now highly prevalent, af-

fecting 1 in 2 women during pregnancy31,32 – a finding

that is in contradiction with the lack of increase in EI

observed by other authors. Indeed, since EI correlates

with GWG,33 it is contradictory to observe reports of

stable EI and excessive GWG at the same time.

Furthermore, although numerous systematic reviews

and meta-analysis have investigated the complex associ-

ations between EI and GWG,30,33–36 very few studies

have investigated the other component of energy bal-

ance during pregnancy: energy expenditure. Thus, be-

cause contradictory results are reported in regards to EI

and GWG, it is relevant to question the extent to which

resting energy expenditure (REE) and total, 24-hour en-

ergy expenditure (TEE) increase during pregnancy. In

fact, existing reviews on the topic have either examined

the same studies or data on which the EI recommenda-

tions are based,37,38 or are focused solely on basal

metabolism39 or respiratory quotient.40 Moreover, there

are various methods for measuring EE, all with different
limitations, thus making it difficult to compare studies

that measure EE during pregnancy. Therefore, the pre-
sent systematic review aimed to examine the variability

in energy expenditure during pregnancy. Observational
and intervention studies that prospectively measured

REE and/or TEE in pregnant women were reviewed in
accordance with the PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses) state-
ment (Appendix S1; please see the Supporting

Information online).41

METHODOLOGY

The present systematic review was achieved based on a

predefined protocol (not registered). The database
search strategy was designed by an experienced scien-

tific librarian and the final search – of the MEDLINE,
EMBASE, CINAHL and Web of Science databases –

was conducted on November 14, 2019. There was no

publication year limit, but only articles published in
English and French were reviewed. The complete search

strategy for all databases is provided in Appendix S2
(please see the Supporting Information online).

Titles and abstracts were first reviewed by 2 inde-
pendent reviewers. The study selection process was per-

formed using Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia). All

records presenting studies among pregnant women (or
women in the preconception period) that reported or

mentioned objective measurements of REE or TEE
were selected for full-text review. The selected full-text

records were reviewed by the same 2 independent

reviewers. Full-text articles were included if the selec-
tion criteria matched (see below). For titles and

abstracts as well as full-text screening, a third reviewer
was contacted in cases of disagreement between the 2

independent reviewers. The PICOS (population, inter-
vention or exposure, comparison, outcome, and study

design) selection criteria are presented in Table 1. The
comparison criteria were not applicable to the present

systematic review.
Systematic reviews, conference abstracts, books,

guidelines, case reports, and case studies were excluded
from this review. Randomized controlled trials and in-

tervention studies were also excluded, on the basis that

any intervention could impact a pregnant woman’s EE.
However, those studies were selected for qualitative

analysis if they included a control group (no interven-
tion) for which detailed information on EE measure-

ment was provided. Moreover, after full-text screening,
studies restricted to nonpregnant women, adolescents,

and/or participants with diagnosed medical conditions
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were excluded. Other exclusion criteria were REE or

TEE that was (1) not measured, (2) measured only

once, (3) estimated using questionnaires or diaries, and

(4) estimated with nonvalidated accelerometers or other

devices.
Data were extracted by one reviewer using a prede-

signed template, and the following information was

extracted: general study characteristics (author[s], jour-

nal, year of publication, study design, geographic set-

ting, and sample size); EE measurement method(s);

timing of EE assessment(s); summary results (partici-

pant characteristics, mean values of REE/TEE, mean

GWG and adherence to GWG guidelines, etc.); mea-

surement of dietary information; control of partici-

pants’ diet; and adjustment(s) of EE for covariates, and

if so, for which covariates. A second reviewer extracted

data from a randomly selected sample (n¼ 7, 22%) of

included studies to ensure the adequacy of the data ex-

traction. Quality assessment of the included studies was

performed simultaneously with data extraction, using

the Effective Public Health Practice Project’s quality as-

sessment tool for quantitative studies.42 That tool is

considered to be adequate for use in systematic reviews

of observational studies and its quality assessment is

based on (1) representativeness of study population, (2)

study design, (3) inclusion of relevant confounders, (4)

blinding of personnel/participants, (5) validity of mea-

surement methods, and (6) report of dropouts/with-

drawals.42,43 In brief, one reviewer assigned scores to

the 6 subcategories of the quality assessment tool for all

articles, and a different reviewer did the same with a

random sample of selected articles (n¼ 7; 22%). There

was 86% concordance in the scores assigned by both

reviewers. A study could be classified as strong (no sub-

categories had been assigned the “weak” score), moder-

ate (one subcategory had been assigned the “weak”

score), or weak (2 or more subcategories had been

assigned the “weak” score).

RESULTS

Of the 4852 records identified, 288 full-text articles

were assessed for eligibility, of which 32 studies were

included for qualitative analysis (Figure 1). Summaries

of the included studies that measured REE and TEE are

presented in Table 28,11,12,14,15,17,44–66 and

Table 3,4,6,8,11,12,26,47,62 respectively. Mean values of REE
were not reported in one of the studies (results pre-

sented in graphs only) and the sole author of the study

was not reachable (deceased).52 Nevertheless, that study

was included because it met all the inclusion criteria.

Timing of EE measurement is presented as pregnancy
periods (early, mid- and late pregnancy) rather than

pregnancy trimesters because many studies either (1)

did not have the same classification criteria for trimes-

ters of pregnancy or (2) did not take into consideration

the fact that for the same measurement period, partici-
pants were in 2 different trimesters of pregnancy. For

example, one study reporting on mean REE included

women that were in both the first and second trimesters

(range: 0–20 wk).56 That measurement was therefore

classified as being in “early pregnancy” rather than in
the first trimester.

Characteristics of the studies

All included studies used a prospective design. Twenty-

four studies measured REE14,15,17,44–46,48–61,63–66 and

the other 8 either measured TEE only4,6,26 or a combi-
nation of REE and TEE.8,11,12,47,62 The majority of stud-

ies were published before 2000 (n¼ 18, 56%), were

from Europe and North America (n¼ 24, 75%), and

had �20 participants (n¼ 18, 56%).

Timing and methods of measurement

On average, studies reported 4 measurements (range:

2–11 measurements). Nine studies measured EE during

preconception and early, mid-, and late preg-

nancy,6,12,17,47,52,53,58,62,63 similarly to 14 other studies

that did the same but with no preconception measure-
ment.11,14,15,26,46,49–51,54–57,65,66 Durnin52 measured REE

in 162 women at 10 different timepoints throughout

pregnancy and once in the preconception period, but

no mean REE values were reported by the authors

(results presented in graphs only). The ventilated open-
circuit system and doubly labeled water were found to

be the most frequently used methods for measuring

REE (59%)12,14,45,46,48–51,55–59,61,63,64,66 and TEE

(63%),4,8,11,12,47 respectively.

Resting energy expenditure

Figure 2 shows the changes in REE throughout preg-

nancy for the included studies. Increases in REE ranged

from 0.5% to 18.3% (8–239 kcal) between early and

mid-pregnancy, from 3.0% to 24.1% (45–327 kcal)

Table 1 PICOS criteria for inclusion of studies
Parameter Criterion

Population Women with singleton pregnancies
Intervention/exposure Time (pregnancy)
Comparison Not applicable
Outcome Energy expenditure variability
Study design Cohort studies

Case-control studies
Intervention studies

Abbreviation: PICOS, population, intervention or exposure,
comparison, outcome, and study design
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Table 2 Summary of studies that measured resting energy expenditure

Authors, year Country Sample characteristicsa
When was REE

measured?
How was REE

measured? Change in REEb

Banerjee et al
(1971)44

Singapore Sample size: 11
Age: not reported
Prepregnancy BMI: not

reported
Ethnicity: all participants

were Asian

Two timepoints: sec-
ond and third tri-
mester (weeks not
specified)

Portable
respirometer

Median REE (kcal/d)
Mid-pregnancy: 1310

Late pregnancy: 1440
Change (%)
9.9; P not reported

Berggren et al
(2015)45

USA Sample size: 11
Age (median): 29.0 y

(range 27.0–36.0)
Prepregnancy BMI (me-

dian): 23.8 kg/m2 (range
19.2–31.4)

Ethnicity: 91% Caucasian
and 9% other

Two timepoints: pre
and late (34–36
wk) pregnancy

Ventilated open-cir-
cuit system

Median REE (kcal/d)
Pre: 1457
34–36 wk: 1743
Change (%)
19.6; P ¼0.003

Bugatto et al
(2017)46

Spain Sample size: 35 (21 NW
and 14 OW)

Age (mean): NW, 29.3 y
(SD 4.6); OW, 31.4 y (SD
3.1)

Prepregnancy BMI (mean):
NW, 21.4 kg/m2 (SD
1.5); OW, 32.9 kg/m2

(SD 5.9)
Ethnicity: all women were

Caucasian

Seven timepoints:
early (12 and 16
wk), mid- (20, 24,
and 28 wk) and
late (32 and 36
wk) pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d) NW–OW
12 wk: 1378–1729
24 wk: 1390–1938
36 wk: 1654–2111
Change (%)NW–OW
12–24 wk: 0.9–12.1;

P not reported
12–36 wk: 20.0;

P < 0.001–22.1; P ¼0.03
24–36 wk: 18.9–8.9;

P not reported
Butte et al

(2004)47
USA Sample size: 63 (17 UW,

34 NW, and 12 OW)
Age (mean)
UW, 30.8 y (SD 3.9); NW,

30.3 y (SD 4.3); OW,
31.2 y (SD 4.5)

Prepregnancy BMI (mean)
UW, 18.9 kg/m2 (SD 0.8);

NW, 22.1 kg/m2 (SD
1.5); OW, 28.8 kg/m2

(SD 2.6)
Ethnicity: 78% Caucasian,

9.5% African American,
9.5% Hispanic, and 3%
Asian

Five timepoints: pre,
early (9 wk), mid-
(22 wk), and late
(36 wk) pregnancy
and postpartum
(27 wk after
delivery)

Metabolic chamber Mean REE (kcal/d) UW–
NW–OW

Pre: 1201–1323–1505
9 wk: 1234–1350–1600
22 wk: 1330–1413–1693
36 wk: 1573–1673–2016
Change in REE (%) UW–

NW–OW
Pre to 9 wk: 2.7–2.0–6.3
Pre to 22 wk: 10.7–6.8–

12.5
Pre to 36 wk: 31.0–26.5–

34.0
9–22 wk: 7.8–4.7–5.8
9–36 wk: 27.5–23.9–26.0
22–36 wk: 18.2–18.4–19.1;

P not reported
Catalano et al

(1998)48
USA Sample size: 5

Age (median): 31.8 y (SD
5.5)

Prepregnancy BMI (me-
dian): 20.8 kg/m2 (SD
2.3)

Ethnicity: not reported

Three timepoints:
pre, early (12–14
wk) and late (34–
36 wk) pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
Pre: 1402
12–14 wk: 1513
34–36 wk: 1886
Change (%)
Pre to 12–14 wk: 7.9; NS
Pre to 34–36 wk: 34.5;

P ¼0.0001
12–14 to 34–36 wk: 24.7;

P ¼0.0001
Cikrikci et al

(1999)49
Turkey Sample size: 24

Age (mean): 28.8 y (SD
4.8)

Prepregnancy BMI: 24.0
kg/m2 (SD 1.9)

Ethnicity: all women were
Caucasian

Three timepoints:
first, second, and
third trimesters
(weeks not
specified)

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
First trimester: 1245
Second trimester: 1382
Third trimester: 1524
Change (%)
1st to 2nd: 11.0; P < 0.01
1st to 3rd: 22.4; P < 0.01
2nd to 3rd: 10.3; P < 0.001

(continued)
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Table 2 Continued

Authors, year Country Sample characteristicsa
When was REE

measured?
How was REE

measured? Change in REEb

Damjanovic et al
(2009)50

Serbia Sample size: 31
Age (mean): 24.8 y (SD

5.7)
Prepregnancy BMI: not

reported
Ethnicity: all women were

Caucasian

Three timepoints:
early (12 wk),
mid- (26 wk), and
late (36 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
12 wk: 1404
26 wk: 1479
36 wk: 1564
Change (%)
12–26 wk: 5.3; P < 0.001
12–36 wk: 11.4; P < 0.001
26–36 wk: 5.7;

P not reported
Denize et al

(2019)51
Canada Sample size: 10

Age (mean): 31.9 y (SD
3.7)

Prepregnancy BMI (mean):
22.1 kg/m2 (SD 1.9)

Ethnicity: not reported

Three timepoints:
early (15.4 6 0.9
wk), mid- (26.4 6
1.1 wk), and late
(35.3 6 1.1 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
15 wk: 2124
26 wk: 2304
35 wk: 2506
Change (%)
15–26 wk: 8.5;

P not reported
15–35 wk: 18.0; P ¼0.06
26–35 wk: 8.9;

P not reported
Durnin et al

(1991)52
Scotland Sample size: 162

Age (mean): 28.0 y (range
20.0–30.0)

Prepregnancy BMI (mean):
not reported

Ethnicity: not reported

Eleven timepoints:
pre, early (be-
tween 1 and 20
wk), mid- (be-
tween 21 and 28
wk), and late (be-
tween 29 and 40
wk) pregnancy

Douglas bags No increase from pre to 16
wk of pregnancy, then a
steady increase, up to
þ400 kcal/d close to
term. (No mean or P
reported, sole author
impossible to contact)

Emerson et al
(1972)53

USA Sample size: 10
Age (mean): 22.8 y (range

19.0–31.0)
Prepregnancy BMI: not

reported
Ethnicity: not reported

Seven timepoints:
pre, early (0–20
wk), mid- (24 and
28 wk), and late
(32, 36, and 38–41
wk) pregnancy

Douglas bags Mean REE (kcal/d)
Pre: 1470
0–20 wk: 1488
28 wk: 1590
38–41 wk: 1753
Change (%)
Pre to 0–20 wk: 1.2
Pre to 28 wk: 8.2
Pre to 38–41 wk: 19.3
0–20 to 28 wk: 6.9
0–20 to 38–41 wk: 17.8
28 to 38–41 wk: 10.3;

P not reported
Eto et al (2018)54 Japan Sample size: 103

Age (mean): 33.7 y (SD
5.7)

Prepregnancy BMI (mean):
21.8 kg/m2 (SD 3.4)

Ethnicity: all women were
Asian

Four timepoints:
early (up to 15
wk), mid- (16–27
wk), and late (28
wk to delivery)
pregnancy and
postpartum (4–5
wk after delivery)

Portable
respirometer

Mean REE (kcal/d)
0–15 wk: 1461
16–27 wk: 1491
� 28 wk: 1644
Change (%)
0–15 to 16–27 wk: 2.0; NS
0–15 to � 28 wk: 12.1;

P < 0.05
16–27 to � 28 wk: 10.3;

P < 0.05
Forsum et al

(1992)8
Sweden Sample size: 22

Age (mean): 29.0 y (SD
4.0)

Prepregnancy BMI (mean):
22.3 kg/m2 (SD 3.1)

Ethnicity: not reported

Three timepoints:
pre, early (16–18
wk), and late (30
wk) pregnancy

Douglas bags Mean REE (kcal/d)
Pre: 1340
16–18 wk: 1435
30 wk: 1651
Change in REE (%)
Pre to 16–18 wk: 7.1; NS
Pre to 30 wk: 23.2;

P < 0.001
16–18 to 30 wk: 15.1;

P not reported

(continued)
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Table 2 Continued

Authors, year Country Sample characteristicsa
When was REE

measured?
How was REE

measured? Change in REEb

Goldberg et al
(1993)11

England Sample size: 12
Age (mean): 28.8 y (SD

3.3)
Prepregnancy BMI (mean):

23.0 kg/m2 (SD 3.3)
Ethnicity: all women
were Caucasian

Four timepoints:
early (12 wk),
mid- (18 and 24
wk), and late (30
wk) pregnancyc

Metabolic chamber Mean REE (kcal/d)
12 wk: 1490
24 wk: 1582
30 wk: 1652
Change in REE (%)
12–24 wk: 6.2
12–30 wk: 4.4
24–30 wk: 10.9;

P not reported
Hagobian et al

(2015)55
USA Sample size: 16

Age (mean): 30.3 y (SD
3.8)

Prepregnancy BMI (mean):
25.2 kg/m2 (SD 3.6)

Ethnicity: 81% Caucasian
and 19% Hispanic

Three timepoints:
early (12–16 wk),
mid- (24–26 wk),
and late (32–34
wk) pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
12–16 wk: 1458
24–26 wk: 1580
32–34 wk: 1830
Change (%)
12–16 to 24–26 wk: 8.4;

P < 0.05
12–16 to 32–34 wk: 25.5;

P < 0.05
24–26 to 32–34 wk: 15.8;

P < 0.05
Hronek et al

(2011)56
Czech Republic Sample size: 31

Age (mean): 29.2 y (SD
3.6)

Prepregnancy BMI (mean):
21.2 kg/m2 (SD 3.0)

Ethnicity: not reported

Four timepoints:
early (0–20 wk),
mid- (21–29 wk),
and late (30–36
and 37–39 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
0–20 wk: 1407
21–29 wk: 1493
37–39 wk: 1655
Change (%)
0–20 to 21–29 wk: 6.1
0–20 to 37–39 wk: 17.6
21–29 to 37–39 wk: 10.9;

overall P < 0.0001
Illingworth et al

(1987)57
Scotland Sample size: 7

Age (mean): 28.2 y (SD
2.9)

Prepregnancy BMI: not
reported

Ethnicity: not reported

Four timepoints:
early (12–15 wk),
mid- (25–28 wk),
and late (34–36
wk) pregnancy
and after cessa-
tion of lactation

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
12–15 wk: 1457
25–28 wk: 1506
34–36 wk: 1550
Change (%)
12–15 to 25–28 wk: 3.4
12–15 to 34–36 wk: 6.4
25–28 to 34–36 wk: 2.9;

P not reported
Kopp-Hoolihan et

al (1999)12
USA Sample size: 10

Age (mean): 29.1 y (SD
5.0, range)

Prepregnancy BMI (mean):
23.1 kg/m2 (SD 2.1)

Ethnicity: all women were
Caucasian

Five timepoints: pre,
early (8–10 wk),
mid- (24–26 wk),
and late (34–36
wk) pregnancy
and 4–6 wk
postpartum

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
Pre: 1315
8–10 wk: 1306
24–26 wk: 1545
34–36 wk: 1693
Change in REE (%)
Pre to 8–10 wk: -0.7
Pre to 24–26 wk: 17.5
Pre to 34–36 wk: 28.7
8–10 to 24–26 wk: 18.3
8–10 to 34–36 wk: 29.6
24–26 to 34–36 wk: 9.6;

P not reported
Lof et al (2005)58 Sweden Sample size: 22

Age (mean): 29.0 y (SD
3.0)

Prepregnancy BMI (mean):
23.0 kg/m2 (SD 3.0)

Ethnicity: not reported

Six timepoints: pre,
early (8, 14 wk),
mid- (20 wk), and
late (32, 35 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
Pre: 1299
8 wk: 1325
20 wk: 1373
35 wk: 1718
Change (%)
Pre to 8 wk: 2.0; NS
Pre to 20 wk: 5.7; NS
Pre to 35 wk: 32.3;

P < 0.001

(continued)
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Table 2 Continued

Authors, year Country Sample characteristicsa
When was REE

measured?
How was REE

measured? Change in REEb

8–20 wk: 3.6;
P not reported

8–35 wk: 29.7;
P not reported

20–35 wk: 25.1;
P not reported

Martin et al
(2001)59

Australia Sample size: 8
Age (mean): 32.0 y (SD

1.0)
Prepregnancy BMI: not

reported
Ethnicity: not reported

Three timepoints:
mid- (19 6 1 wk)
and late (36 6 1
wk) pregnancy
and postpartum
(16 wk after
delivery)

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
19 wk: 1416
36 wk: 1590
Change (%)
12.3; P < 0.05

Nagy et al (1983)60 USA Sample size: 5
Age (mean): 25.0 y (SD

3.0)
Prepregnancy BMI: not

reported
Ethnicity: not reported

Four timepoints:
mid- (15–25 wk)
and late (25–30,
30–35, 35–40 wk)
pregnancy

Metabolic chamber Mean REE (kcal/d)
15–25 wk: 1454
25–30 wk: 1483
30–35 wk: 1613
35–40 wk: 1656
Change (%)
From 2.0 to 13.9; P < 0.05

between 15–25 and 35–
40 wk

Okereke et al
(2004)61

USA Sample size: 8
Age (mean): 31.6 y (SD

3.4)
Prepregnancy BMI (mean):

26.2 kg/m2 (SD 4.5)
Ethnicity: not reported

Three timepoints:
pre, early (12–14
wk), and late (34–
36 wk) pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
Pre: 1488
12–14 wk: 1600
34–36: 1897
Change (%)
Pre to 12–14 wk: 7.5; NS
Pre to 34–36 wk: 27.5;

P ¼0.0001
12–14 to 34–36 wk: 18.6;

NS
Piers et al (1995)14 India Sample size: 18

Age (mean): 29.6 y (SD
5.2)

Prepregnancy BMI: not
reported

Ethnicity: all participants
were Asian (Indian)

Three timepoints:
early (12 wk),
mid- (24 wk), and
late (34 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
12 wk: 1226
24 wk: 1347
34 wk: 1478
Change (%)
12–24 wk: 9.9; P < 0.05
12–34 wk: 20.6; P < 0.05
24–34 wk: 9.7; P < 0.05

Poppitt et al
(1993)62

Gambia Sample size: 9
Age (mean): 26.2 y (SD

7.1)
Prepregnancy BMI (mean):

21.4 kg/m2 (SD 2.1)
Ethnicity: all women were

African

Five timepoints: pre,
mid- (18, 24 wk),
and late (30, 36
wk) pregnancyd

Metabolic chamber Mean REE (kcal/d)d

Pre: 1244
18 wk: 1224
30 wk: 1306
Change in REE (%)
Pre to 18 wk: -1.6
Pre to 30 wk: 5.0
18–30 wk: 6.7;

P not reported
Prentice et al

(1989)15
England Sample size: 8

Age (mean): 29.3 y (SD
4.5)

Prepregnancy BMI (mean):
23.1 kg/m2 (SD 3.3)

Ethnicity: not reported

Three timepoints:
mid- (18, 24 wk)
and late (30 wk)
pregnancye

Metabolic chamber Mean REE (kcal/d)
18 wk: 1466
24 wk: 1529
30 wk: 1647
Change (%)
18–24 wk: 4.3
18–30 wk: 12.3
24–30 wk: 7.7;

P not reported

(continued)
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Table 2 Continued

Authors, year Country Sample characteristicsa
When was REE

measured?
How was REE

measured? Change in REEb

Spaaij et al
(1994)63

Netherlands Sample size: 26
Age (mean): 30.0 y (SD

3.9)
Prepregnancy BMI (mean):

21.8 kg/m2 (SD 2.4)
Ethnicity: not reported

Four timepoints:
pre, early (13 wk),
mid- (24 wk), and
late (35 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
Pre: 1323
13 wk: 1381
24 wk: 1499
35 wk: 1619
Change (%)
Pre to 13 wk: 4.4; NS
Pre to 24 wk: 13.3;

P < 0.05
Pre to 35 wk: 22.4;

P < 0.05
13–24 wk: 8.5; P < 0.05
13–35 wk: 17.2; P < 0.05
24–35 wk: 8.0; P < 0.05

Spaanderman et al
(2000)64

Netherlands Sample size: 12
Age (mean): 29.0 y (SD

3.0)
Prepregnancy BMI: 23.0

kg/m2 (SD 3.0)
Ethnicity: not reported

Five timepoints: pre
and early (6, 8, 10,
and 12 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
Pre: 1496
6 wk: 1536
8 wk: 1451
10 wk: 1486
12 wk: 1426
Change (%)
From �4.7 to 2.6%; NS

Tuazon et al
(1987)65

Philippines Sample size: 40
Age (mean): 23.8 y (SD

3.4)
Prepregnancy BMI: not

reported
Ethnicity: all participants

were Asian

Seven timepoints:
early (11–16 wk),
mid- (17–22, 23–
28 wk), and late
(29–34, 35–40 wk)
pregnancy and
postpartum (6, 12
wk after delivery)

Douglas bags Mean REE (kcal/d)
11–16 wk: 1196
23–28 wk: 1292
35–40 wk: 1411
Change (%)
11–16 to 23–28 wk: 8.0
11–16 to 35–40 wk: 18.0
23–28 to 35–40 wk: 9.2;

P not reported
van Raaij et al

(1989)17
Netherlands Sample size: 23

Age: not reported (only
for total sample, not the
23 pregnant women)

Prepregnancy BMI: not
reported

Ethnicity: all participants
were Caucasian

Five timepoints: pre,
early (4–8, 10–14
wk), mid- (22–26
wk), and late (34–
38 wk) pregnancy

Douglas bags Mean REE (kcal/d)
Pre: 1452
10–14 wk: 1503
22–26 wk: 1541
34–38 wk: 1742
Change (%)
Pre to 10–14 wk: 3.5; NS
Pre to 22–26 wk: 6.1; NS
Pre to 34–38 wk: 20.0;

P < 0.001
10–14 to 22–26 wk: 2.5;

NS
10–14 to 34–38 wk: 15.9;

NS
22–26 to 34–38 wk: 13.0;

NS
Willommet et al

(1992)66
Gambia Sample size: 9

Age (mean): 23.0 (SD 3.0)
Prepregnancy BMI: not

reported
Ethnicity: all women were

African

Three timepoints:
early (11 wk),
mid- (23 wk), and
late (33 wk)
pregnancy

Ventilated open-cir-
cuit system

Mean REE (kcal/d)
11 wk: 1253
23 wk: 1325
33 wk: 1426
Change (%)
11–23 wk: 5.7; P < 0.05
11–33 wk: 13.8; P < 0.01
23–33 wk: 7.6; P < 0.05

aSample size and characteristics refer to the pregnant women (with no medical condition) for which all data was available.
bFor studies with more than one REE/TEE measurement by pregnancy or prenatal period, only one measurement by period is pre-
sented, in order to lighten the table.
cOnly the presented timepoints included all 12 pregnant women.11

dOnly the 3 presented timepoints included all 9 pregnant women.62

eOnly the presented timepoints included all 8 pregnant women.15

Abbreviations: NS, not significant; NW, normal weight; OW, overweight; pre, preconception; REE, resting energy expenditure; SD, stan-
dard deviation; TEE, total energy expenditure; UW, underweight.
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Table 3 Summary of studies that measured total energy expenditure

Authors, year Country Sample characteristicsa
When was TEE

measured?
How was TEE

measured? Change in TEEb

Abeysekara et al
(2016)26

Australia Sample size: 26
Age (mean): 29.9 y (SD

4.0)
Prepregnancy BMI (mean):

25.4 kg/m2 (SD 4.3)
Ethnicity: 58% Caucasian,

31% Asian, 12% other

Three timepoints:
early (12–14 wk),
mid- (24–26 wk),
and late (34–36
wk) pregnancy

Accelerometer
(Sensewear
Armband) worn
for 24 h

Mean TEE (kcal/d)
12–14 wk: 2276
24–26 wk: 2451
34–36 wk: 2455
Change (%)
12–14 to 24–26 wk: 7.6;

NS
12–14 to 34–36 wk: 7.9;

P ¼0.003
24–26 to 34–36 wk: 0.2;

NS
Butte et al

(2004)47
USA Sample size: 63 (17 UW,

34 NW, and 12 OW)
Age (mean)
UW, 30.8 y (SD 3.9); NW,

30.3 y (SD 4.3); OW,
31.2 y (SD 4.5)

Prepregnancy BMI (mean)
UW, 18.9 kg/m2 (SD 0.8);

NW, 22.1 kg/m2 (SD
1.5); OW, 28.8 kg/m2

(SD 2.6)
Ethnicity: 78% Caucasian,

9.5% African American,
9.5% Hispanic, 3% Asian

Five timepoints: pre,
early (9 wk), mid-
(22 wk), and late
(36 wk)pregnancy
and postpartum
(27 wk after
delivery)

REE with metabolic
chamber and TEE
with doubly la-
beled water

Mean TEE (kcal/d) UW –
NW – OW

Pre: 2348 – 2434 – 2940
22 wk: 2272 – 2520 – 2887
36 wk: 2439 – 2693 – 3020
Change in TEE (%) UW –

NW – OW
Pre to 22 wk: �3.2 to 3.5

to �1.8
Pre to 36 wk: 3.9 – 10.6 –

2.7
22–36 wk: 7.4 – 6.9 – 4.6;

overall P ¼0.02

de Groot et al
(1994)6

Netherlands Sample size: 10
Age (mean): 28.4 y (SD

2.5)
Prepregnancy BMI (mean):

21.3 kg/m2 (SD 3.0)
Ethnicity: all women were

Caucasian

Four timepoints:
pre, early (12 wk),
mid- (23 wk), and
late (34 wk)
pregnancy

Metabolic chamber Mean TEE (kcal/d)
Pre: 2065
12 wk: 2089
23 wk: 2172
34 wk: 2378
Change (%)
Pre to 12 wk: 1.2; NS
Pre to 23 wk: 5.2; P < 0.05
Pre to 34 wk: 15.2;

P < 0.05
12–23 wk: 4.0; NS
12–34 wk: 13.8; P < 0.05
23–34 wk: 9.5; P < 0.05

Forsum et al
(1992)8

Sweden Sample size: 22
Age (mean): 29.0 y (SD

4.0)
Prepregnancy BMI (mean):

22.3 kg/m2 (SD 3.1)
Ethnicity: not reported

Three timepoints:
pre, early (16–18
wk), and late (30
wk) pregnancy

Doubly labeled
water

Mean TEE (kcal/d)
Pre: 2488
16–18 wk: 2297
30 wk: 2990
Change in TEE (%)
Pre to 16–18 wk: �7.7; NS
Pre to 30 wk: 20.2;

P < 0.05
16–18 to 30 wk: 30.2;

P not reported
Goldberg et al

(1993)11
England Sample size: 12

Age (mean): 28.8 y (SD
3.3)

Prepregnancy BMI (mean):
23.0 kg/m2 (SD 3.3)

Ethnicity: all women were
Caucasian

Four timepoints:
early (12 wk),
mid- (18 and 24
wk), and late (30
wk) pregnancyc

Doubly labeled
water

Mean TEE (kcal/d)
12 wk: 2430
24 wk: 2625
30 wk: 2679
Change in TEE (%)
12–24 wk: 8.0;

P not reported
12–30 wk: 10.2;

P not reported
24–30 wk: 2.1;

P not reported

(continued)
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between mid- and late pregnancy, and from 6.4% to

29.6% (93–416 kcal) between early and late pregnancy.

The median increases in REE were 5.3% (72 kcal), 9.9%

(153 kcal), and 18.0% (252 kcal) between early and mid-

, mid- and late, and early and late pregnancy, respec-

tively. The greatest differences in REE were observed by

Kopp-Hoolihan et al,12 who reported increases of 18.3%

(239 kcal), 9.5% (147 kcal), and 29.6% (387 kcal) be-

tween early and mid-, mid- and late, and early and late

pregnancy, respectively, after measuring REE at five dif-

ferent timepoints in 10 American pregnant women.

Inversely, Illingworth et al,57 who measured REE at four

different timepoints in 7 Scottish women, observed the

smallest increase in REE throughout pregnancy: 3.3%

(48 kcal), 3.0% (45 kcal), and 6.4% (93 kcal) between

early and mid-, mid- and late, and early and late preg-

nancy, respectively. More recently, Bugatto et al46 mea-

sured REE in 21 normal and 14 overweight Spanish

pregnant women and observed increases of 0.9%

(12 kcal), 19.0% (264 kcal), and 20.0% (276 kcal) in

normal-weight women and increases of 12.1%

(209 kcal), 8.9% (173 kcal), and 22.1% (382 kcal) in

overweight women between early and mid-, mid- and

late, and early and late pregnancy, respectively. All 3

studies used a ventilated open-circuit system to measure

REE.12,46,57

Total energy expenditure

Changes in TEE throughout pregnancy, for the in-

cluded studies, are presented in Figure 3. Increases in

TEE ranged from 4.0% to 17.7% (84–363 kcal) between

early and mid-pregnancy, from 0.2% to 30.2% (5–

694 kcal) between mid- and late pregnancy, and from

7.9% to 33.2% (179–682 kcal) between early and late

pregnancy, respectively. The median increases in TEE

Table 3 Continued

Authors, year Country Sample characteristicsa
When was TEE

measured?
How was TEE

measured? Change in TEEb

Kopp-Hoolihan et
al (1999)12

USA Sample size: 10
Age (mean): 29.1 y (SD

5.0, range)
Prepregnancy BMI (mean):

23.1 kg/m2 (SD 2.1)
Ethnicity: all women were

Caucasian

Five timepoints: pre,
early (8–10 wk),
mid- (24–26 wk),
and late (34–36
wk) pregnancy
and 4–6 wk
postpartum

Doubly labeled
water

Mean TEE (kcal/d)
Pre: 2208
8–10 wk: 2050
24–26 wk: 2414
34–36 wk: 2732
Change in TEE (%)
Pre to 8–10 wk: �7.2
Pre to 24–26 wk: 9.3
Pre to 34–36 wk: 23.7
8–10 to 24–26 wk: 17.8
8–10 to 34–36 wk: 33.3
24–26 to 34–36 wk: 13.2;

P not reported
Most et al (2019)4 USA Sample size: 54 (10 INA,

8 REC, and 36 EXS)
Age (mean)
INA, 29.2 y (SD 1.3); REC,

25.0 y (SD 1.7); EXS,
27.7 y (SD 0.8)

Prepregnancy BMI: all
women were obese at
15 wk

Ethnicity: 52% Caucasian,
41% African American,
7% other

Two timepoints:
early (13–16 wk)
and late (35–37
wk) pregnancy

Doubly labeled
water

Mean TEE (kcal/d) INA –
REC – EXS

13–16 wk: 2719 – 2664 –
2563

35–37 wk: 2966 – 2984 –
2882

Change in TEE (%) INA –
REC – EXS

9.1 – 12.0 – 12.4;
P not reported

Poppitt et al
(1993)62

Gambia Sample size: 9
Age (mean): 26.2 y (SD

7.1)
Prepregnancy BMI (mean):

21.4 kg/m2 (SD 2.1)
Ethnicity: all women were

African

Five timepoints: pre,
mid- (18, 24 wk),
and late (30, 36
wk) pregnancyd

Metabolic chamber Mean TEE (kcal/d)
Pre: 1533
36 wk: 1612
(Other TEE timepoints not

reported)
Change in TEE (%)
Pre to 36 wk: 5.2; P ¼0.64

aSample size and characteristics refer to the pregnant women (with no medical condition) for which all data was available.
bFor studies with more than one REE/TEE measurement by pregnancy or prenatal period, only one measurement by period is pre-
sented, in order to lighten the table.
cOnly the presented timepoints included all 12 pregnant women.11

dOnly the preconception and 36-week value were presented in the paper and included all women.62

Abbreviations: EXS, excessive gestational weight gain; INA, inadequate gestational weight gain; NS, not significant; NW, normal weight;
OW, overweight; pre, preconception; REC, recommended gestational weight gain; REE, resting energy expenditure; SD, standard devia-
tion; TEE, total energy expenditure; UW, underweight.
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were 6.2% (144 kcal), 7.1% (170 kcal), and 12.0%

(290 kcal) between early and mid-, mid- and late, and

early and late pregnancy, respectively. Similarly to what

they observed for REE, Kopp-Hoolihan et al12 reported

the greatest increases in TEE throughout pregnancy:

17.7% (239 kcal), 13.2% (147 kcal), and 33.2% (387 kcal)

between early and mid-, mid- and late, and early and

late pregnancy, respectively. The smallest increases in

TEE were reported by Goldberg et al,11 who measured

TEE 4 times and observed differences of 4.6% (70 kcal),

5.4% (92 kcal), and 10.3% (162 kcal) between early and

mid-, mid- and late, and early and late pregnancy, re-

spectively. In a recent study by Most et al,4 TEE was

measured in early and late pregnancy in 54 obese preg-

nant American women and was found to increase by

9.1% (247 kcal), 12.0%, (320 kcal) and 12.4% (319 kcal)

in women with inadequate, recommended, and exces-

sive GWG, respectively. Kopp-Hoolihan et al,12

Goldberg et al,11 and Most et al all4 measured TEE us-

ing the doubly labeled water method.

Prepregnancy energy expenditure

In general, studies observed small increases, and even

decreases, in REE and TEE between the preconception

and early-pregnancy periods (range: �3.3% to 7.9% or

�41 to 112 kcal for REE, and �7.1% to 1.2% or �158 to

24 kcal for TEE). For example, Spaanderman et al64

measured REE in 12 women, using a ventilated open-

circuit, in preconception and at 4 early-pregnancy time-

points and observed changes in REE ranging from

�4.7% to 2.6% (�70 to 40 kcal) that were all not statisti-

cally significant. Similar findings were observed by de

Groot et al,6 who measured TEE in 10 women in pre-

conception and in each trimester using a metabolic

chamber and found an increase of 1.2% (24 kcal) be-

tween preconception and early pregnancy.

Quality assessment of studies

The majority of studies (59.4%) were classified as being

of moderate quality8,11,14,15,17,26,45,48–52,57–59,61,62,64,66

and 5 and 8 studies were classified as being of strong

and weak quality, respectively. Women included in the

32 studies were predominantly Caucasian: seven studies

comprised Caucasians only,6,11,17,46,49,50,63 5 studies

reported a proportion of Caucasian women varying be-

tween 50% and 91%, and 6 studies had no Caucasian

participant.14,44,54,62,65,66 The 14 remaining studies were

conducted in Europe, North America, and Oceania and

1226 Records 
identified through 
Web of Science 

Sc
re

en
in

g 
In

cl
ud

ed
 

E
lig

ib
ili

ty
 

noitacifitnedI
 2457 Records 

identified through 
MEDLINE 

3032 Records 
identified through 

EMBASE 

4852 Records after duplicates removed 

4564 Records excluded 

256 Full texts excluded:   
EE measured at one timepoint

(n = 86); not a research 
article (n = 60); EE estimated 
with questionnaires or diaries 

(n = 44); paper on the same 
population already included 

(n = 20); EE not measured 
(n = 23); nonpregnant women

only (n = 8); EE measured with  
a nonvalidated accelerometer 

(n = 5); participants with 
medical condition (n = 4);
article not in English or 

French (n = 3); case-report 
(n = 2), randomized controlled

 trial (n = 1) 
32 Studies included in 
qualitative synthesis 

4852 Records screened 

288 Full text assessed 
for eligibility 

622 Records 
identified through 

CINAHL 

Figure 1 Flow diagram of the literature search process.

404 Nutrition ReviewsVR Vol. 79(4):394–409



did not explicitly specify the ethnicity of their partici-

pants.8,12,15,48,51–53,56–61,64 Among the 23 studies that

reported the mean prepregnancy BMI of their sample, 5

studies4,26,46,55,61 reported a mean prepregnancy BMI

above the “normal weight” threshold of 24.9 kg/m2 and

the other 18 studies6,8,11,12,15,47,48,50,51,54,56–60,62–64

reported mean prepregnancy BMIs that ranged from

20.8 to 24.1 kg/m2. The study by Most et al4 was the

only one that included solely obese pregnant women

(n¼ 54), and the studies by Bugatto et al46 and Butte et

al47 were the only 2 studies that categorized their partic-

ipants based on their prepregnancy BMI. Four studies

provided their participants’ diet for a set number of

days (range: 7–14 d) in order to minimize the impact of

EI and macronutrient distribution on the measurement

of EE.6,48,53,61 Moreover, 10 studies assessed their par-

ticipants’ usual dietary habits8,11,12,14,26,45,52,55,59,65 and 6

studies assessed usual physical activity

level.45,51,52,55,61,65 Almost all studies (87.5%) reported

the mean or median GWG of their participants, but

only 4 mentioned the proportion of their participants

whose GWG fell under, within, or above the recom-

mended guidelines. Among those 4 studies, the propor-

tion of women whose GWG fell above the

recommended guidelines ranged from 10% to

67%.4,47,51,55 Furthermore, 12 studies (37.5%) observed

that the increases in REE/TEE were not statistically sig-

nificant after adjustment for a weight variable (ie, pre-

pregnancy BMI, GWG, fat mass, or fat-free

mass).8,11,14,15,44,45,47,49,56,57,60,66

DISCUSSION

This systematic review aimed to examine observational

studies with prospective and objective measurements of

EE during pregnancy. In the present review, the major-

ity of studies were published before 2000 and included

mainly Caucasian and normal-weight pregnant women.

This review showed that REE and TEE increase during

pregnancy, mainly from early to late and from mid- to
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Figure 2 Change in resting energy expenditure throughout
pregnancy for the included studies. Each data point represents
the mean value of energy expenditure reported by studies that
measured resting energy expenditure. Means from the same study
are linked by the same line. Solid gray lines and dotted black lines
represent the studies for which the participants’ mean prepreg-
nancy BMI was <25 kg/m2 and �25 kg/m2, respectively.
Abbreviation: REE, resting energy expenditure.
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late pregnancy. Smaller increases were observed be-

tween pre- and early pregnancy as well as between early
and mid-pregnancy. There is, however, a great variabil-

ity in the extent to which REE and TEE increase
throughout pregnancy. Moreover, inconsistencies were

observed in the measurement and reporting of impor-
tant covariates, such as prepregnancy BMI, GWG, usual
dietary intakes, and physical activity level. The present

review thus highlights the need for additional prospec-
tive studies of high quality – that is, with multiple meas-

urements of REE or TEE in all periods of pregnancy
(early, mid-, and late), using validated and objective

measurement methods (doubly labeled water for TEE
and ventilated open-circuit for REE), among a diverse

population of pregnant women, while considering im-
portant confounding variables such as prepregnancy

BMI and GWG.
The studies reviewed demonstrated that REE in-

creased by 8–239 kcal (median 72 kcal) and by 93–
416 kcal (median 252 kcal) between early and mid-, and

between early and late, pregnancy, respectively. It is
complex to compare those increases with the current EI

recommendations for pregnant women because (1) the
increases reported by the reviewed studies represent

REE measured at specific timepoints only, whereas the
recommendations for EI represent whole trimesters,

and (2) those recommendations are supposed to reflect
increases in TEE (ie, REE in combination with thermo-

genesis and physical activity).3 In studies that measured
TEE, TEE increased by 84–363 kcal (median 144 kcal)

and by 179–682 kcal (median 290 kcal), between early
and mid-, and between early and late, pregnancy, re-

spectively. Based on the median increases in TEE (144
and 290 kcal), half of the studies that measured TEE

reported increases that were below the EI recommenda-
tions of an additional 340 and 452 kcal/d in the second

and third trimesters, respectively.3 However, it should
be mentioned that a comparison of measurements of

TEE with EI recommendations needs to be interpreted
with caution, as pregnant women are not supposed to
be in energy balance, since energy is required for, and

spent on, fat storage, placenta development, and
changes in blood constituents and volume as well as for

supporting fetal development. Nevertheless, since pro-
spective measurements of REE and TEE do take into ac-

count pregnancy weight gain, questioning the
justification behind the EI recommendations remains

relevant.3,20

As recently mentioned by Most et al,67 the studies

that form the foundation for the EI recommendations
estimated the energy cost of GWG based on all partici-

pants, without considering each woman’s adherence to
GWG guidelines. Therefore, the inclusion of partici-

pants with excessive GWG, for example, has likely

caused overestimation of the EI requirements, simply

because such participants deposited more energy than
they needed to, and, overall, larger body size leads to

greater EE.67 In the present review, although most stud-
ies measured and reported their participants’ mean

GWG, only 4 studies reported the proportion who ad-
hered to or exceeded the GWG guidelines.4,47,51,55 This
could be explained by the fact that most of the reviewed

studies were published before the publication of the
new GWG guidelines in 2009.25 Still, studies published

before 2009 could have compared participants’ GWG
with the previous guidelines,68 but most did not. The 4

studies that reported their participants’ adherence to
GWG guidelines reported proportions of excessive

GWG that ranged from 10% to 67%. Even though the
other studies did not report their participants’ adher-

ence to GWG guidelines, it can be hypothesized that
the prevalence of excessive GWG was probably variable

from one study to another. This could, in part, explain
the large variability observed in the extent of the

increases in REE and TEE, since body weight is associ-
ated with EE. In summary, since approximately half of

the energy cost of pregnancy is associated with the de-
velopment of maternal tissues (fat mass, breast tissues,

uterus, and placenta),20 it is crucial that EI recommen-
dations be based on measurements recorded among

women with adequate GWG. Future studies should
consider adherence to GWG guidelines when measur-

ing TEE and REE during pregnancy, in order to avoid
the overestimation of energy requirements associated

with the development of maternal tissues.
The proportion of women entering pregnancy with

overweight/obesity has increased since 2006, when EI
recommendations were published. In fact, among

American women of childbearing age, the overweight
and obesity prevalence increased from 22.8% in 1976 to

53.5% in 2014,69 which may explain why most studies
included in the present review – mainly published be-

fore 2000 – reported a mean prepregnancy BMI corre-
sponding to a normal weight. Moreover, although it has
been said that EI recommendations should be

population-specific and based on observations made in
healthy, normal-weight women,37 it could be argued

that for a measure with such high variability as EE,
women from all weight categories should not be studied

as if they were in one single group. In fact, as observed
by Bugatto et al,46 who measured REE in normal

(n¼ 21) and overweight women (n¼ 14) throughout
pregnancy, the increase in REE from mid- to late preg-

nancy was twice as high in normal vs. overweight
women (19.0 vs 8.9%). Bugatto et al46 explained their

results, in part, by the higher lipid oxidation observed
in overweight vs. normal-weight women, which is in ac-

cordance with the findings of other reports on lipolysis
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during pregnancy.70 It could thus be hypothesized that,

owing to the fact that overweight and obese women
have more adipose tissue to oxidize, their energy metab-

olism, and therefore energy requirements, may differ

from that of normal-weight women who rely more on
carbohydrate oxidation.46 In fact, by wanting to recog-

nize the different energy requirements of overweight
and obese women, the American College of

Obstetricians and Gynecologists acknowledged that

overweight and obese pregnant women may not require
as many additional calories as pregnant women of nor-

mal weight.71 However, no specific EIs were explicitly
recommended.71 Additional studies are necessary to

better understand the mechanisms governing energy

metabolism, and requirements, of overweight and obese
pregnant women.

Another similar systematic review by de Oliveira
Fonseca Sally et al39 was published in Portuguese in

2013, and their database search was conducted in 2010.

Their objective was to review fluctuations in basal meta-
bolic rate during pregnancy and they found, based on

the 37 studies they reviewed, that increases in basal met-
abolic rate ranged between 8% and 35%.39 However,

that particular review included studies that were cross-

sectional (one measurement of basal metabolic rate
only) and studies that used physical activity question-

naires to measure the basal metabolic rate. In addition

to having included articles published after 2010 (n¼ 8),
the present review differs from the one conducted by

Sally Ede et al39 firstly by the inclusion of studies that
measured TEE as well as REE, secondly by including

only cohort studies in which participants were com-

pared to themselves, and thirdly by adding an inclusion
criterion about the objective measurement of REE and

TEE, which excluded certain studies (EE estimated with
questionnaires and accelerometers) but probably in-

creased, ultimately, the accuracy of the observations.

Nevertheless, this review has some limitations, the main
one being that no meta-analysis was carried out, be-

cause of the heterogeneity in the studied populations,

timing of measurements, and measurement methods.
Thus, the present review could not quantify the increase

in REE and TEE during pregnancy. Another limitation
is that only articles written in French and English were

included, which could have limited the generalizability

of the results, since high-quality studies from develop-
ing countries, or countries where women are of smaller

stature (eg, Japan), for example, may have been ex-
cluded. Moreover, since studies among pregnant

women with a serious medical condition were excluded

from the present review, the observations made cannot
be generalized to pregnant women with, for example,

gestational diabetes mellitus. Further studies are

necessary to assess changes in EE among populations of

pregnant women with altered metabolic profiles.

CONCLUSION

It is clear that there is an increase in REE and TEE

throughout pregnancy and particularly toward the end

of pregnancy. However, the extent to which REE and

TEE are increased is highly variable, and the majority of

studies reported increases in TEE that were below the

EI recommendations for pregnant women. Increases in

REE and TEE also appear to be associated with prepreg-

nancy weight status as well as with GWG. Future stud-

ies investigating EE during pregnancy should therefore

do so in relation to the participants’ adherence to GWG

guidelines. Because of the heterogeneity of the reviewed

studies, it is difficult to obtain a precise overview of the

situation in all pregnant women. Therefore, it is not

possible to conclude to what extent EIs should be in-

creased during pregnancy, even though this was not the

purpose of this review. Nevertheless, the results of this

review highlight the need to revise the current recom-

mendations in EI during pregnancy, in order to make

them more appropriate for overweight and obese

women, since these are the individuals who are more at

risk of excessive GWG.
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