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Abstract

Introduction: Breastfeeding women have elevated resting metabolic rate

(RMR); however, whether a single bout of lactation increases RMR is

unknown. This study aimed to determine if a single bout of lactation acutely

increased RMR.

Methods: Twenty-two lactating women (age: 31 ± 0.9 year, body mass index:

27.3 ± 1.2 kg/m2) were recruited. RMR was assessed at baseline and at 1- and

2-h following breast milk expression.

Results: RMR was unchanged in lactating women following a single bout of

lactation (baseline: 1437 ± 39; 1 h: 1425 ± 37 2 h: 1440 ± 31 kcal/day)

(p > .05). RMR was not correlated to daily milk produced (r = 0.05, p > .05),

but was correlated to body mass (r = 0.74, p < .001), fat-free mass

(kg) (r = 0.61, p < .01), and fat mass (kg) (r = 0.71, p < .01).

Conclusion: RMR in lactating women appears to be more related to body

mass or composition in the postpartum period rather than lactation.

1 | INTRODUCTION

Lactation results in a substantial energy demand on the
body (Butte et al., 2001). The American College of Obste-
tricians and Gynecologists recommends that breastfeed-
ing women consume an additional 400–500 kcals a day to
make up for the energy used to make breast milk
(ACOG, 2019). Spaaij et al. (1994) demonstrated a signifi-
cant increase in resting metabolic rate (RMR) in women
who were lactating. However, body mass, which is
known to alter RMR (Halliday et al., 1979), was elevated
in the lactating state in this study compared with the
nonlactating state. Thus, the actual amount of energy
that women expend solely due to lactation may be con-
siderably lower and may be contributing to the 15%–20%
of women retaining ≥5 kg of their pregnancy weight by

1-year postpartum (Gunderson & Abrams, 1999). An
inability to lose weight gained during pregnancy in the
postpartum period plays a role, among other factors, in
the development of obesity (Linne et al., 2004). Under-
standing how lactation may alter RMR, which typically
encompasses �60% of total daily energy expenditure
(Levine, 2005), is important for control of body weight.

A number of factors both chronically and acutely
impact metabolic rate (Cunningham, 1980). While lacta-
tion appears to be correlated with a chronic increase in
RMR (Spaaij et al., 1994), whether a single bout of lacta-
tion increases RMR is unknown. Furthermore, the time
of the last bout of lactation prior to measuring RMR has
not been controlled for in previous studies. Given that
lactating women appear to have overall increased RMR,
it is plausible that a single session of lactation could alter
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metabolic rate and, thus, contribute to the discrepancies
in studies reporting the impact of RMR on lactation
(Butte et al., 2001; Spaaij et al., 1994). The purpose of this
study was to determine if a single bout of breast milk
expression alters RMR. We hypothesized that a single
bout of breast milk expression will increase RMR.

2 | MATERIALS AND METHODS

2.1 | Subjects

Protocols were approved by Old Dominion University
Institutional Review Board (reference number:
1319781-10) and written informed consent was obtained.
The research conformed to the Declaration of Helsinki.
Twenty-two lactating women, 18–45 years, who had a
singleton pregnancy were recruited. Exclusionary criteria
included: pregnancy, metabolic disease, >45 years of age,
insomnia, claustrophobia, <8 weeks postpartum. In addi-
tion, women who were supplementing breastfeeding
more than two times per day were also excluded in an
attempt to recruit in women who were primarily breast-
feeding their babies as their main source of nutrition.

2.2 | Experimental design

Participants refrained from food and drink for 8 h and
any exercise and vigorous exercise for 12 and 24 h prior
to their study visits, respectively. Women also refrained
from expressing their breast milk for at least 2 h prior to
coming into the laboratory. If the women needed to feed
their baby within that timeframe, they were encouraged
to do so and their study visit was rescheduled. Tests were
performed between 6 and 10 a.m.

Milk produced each day and number of times breast
milk was expressed were determined via questionnaire.
Participants rested supine for 20 min prior to RMR test-
ing being performed for 10 min via indirect calorimetry
(ParvoMedics TrueOne 2400, Salt Lake City, UT) as pre-
viously described (Wilson et al., 2020). Heart rate was
measured during the test (Polar H10 monitor, Polar Elec-
tro, Kempele, Finland). Twenty lactating participants
then expressed their breast milk via personal double-
electric breast pumps. Two women breastfed their infants
from both breasts. RMR was assessed again at 1 and 2 h
postlactation using the same pretesting procedures as
described above. Timing for the 1- and 2-h RMR mea-
surements began when the women started pumping/
breastfeeding. To ensure that any changes in RMR fol-
lowing lactation were not due to a time effect, RMR was
also measured in 21 nonlactating participants at the same
time intervals as lactating participants.

2.3 | Resting metabolic rate

ParvoMedics TrueOne 2400 indirect calorimetry system
has been shown to be a valid measure for assessment of
metabolic rate (Cooper et al., 2009). Furthermore, it has
been found to be an accurate means to determine gas
exchange compared with the Douglas Bag method
(Bassett Jr. et al., 2001). The protocol listed in the Parvo-
Medics user manual for “Dilution Method” (RMR) was
used for this study (TrueOne® 2400 Metabolic Measure-
ment System, 2020). Briefly, gas calibration was per-
formed using 16.00% O2 and 1.004% CO2. Airflow
calibration consisted of using a 3-L syringe to determine
peak flow of each stroke maintained at 50–60 L/min. The
average difference of both the gas and airflow calibra-
tions were <1%. VO2 (L/min), VCO2 (L/min), ventilation
(VE in STPD), respiratory exchange ratio (RER), and
RMR (kcal/day) were analyzed during the last 5 min of
each 10-min test.

2.4 | Body composition assessment

Body density was assessed via air displacement plethys-
mography (Bod Pod, Cosmed USA Inc., Concord, CA) as
previously described (Splinter & Wilson, 2019). Black
individuals have greater bone mineral density compared
with white individuals; thus, they also tend to have
greater body density. Studies show that this may lead to
an overestimation of lean body mass in black individuals
(Ortiz et al., 1992; Schutte et al., 1984). Thus, the Bod Pod
uses race-specific equations (Siri or Schutte) when calcu-
lating body fat to account for this. In addition, predicted
thoracic gas volumes were used in the body composition
calculations. Body composition was not obtained in one
participant due to technical difficulties.

2.5 | Data analysis

Data were analyzed using SigmaPlot software version
12.5 (Systat Software Inc., San Jose, CA). Data are
expressed as mean ± S.E. p < .05 was considered statisti-
cally significant.

A one-way repeated measures ANOVA was used to
analyze VO2, VCO2, VE, RER, and RMR across the three
different time points (baseline, 1 h, and 2 h) in lactating
women. Furthermore, another one-way repeated mea-
sures ANOVA was used to analyze VO2, VCO2, VE, RER,
and RMR across the three different time points (baseline,
1 h, and 2 h) in nonlactating women. A Pearson correla-
tion was used to determine if the amount of milk
expressed each day, number of times milk was expressed,
body mass (kg), fat mass (kg), or fat-free mass (kg) were
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correlated to baseline RMR. In addition, multilinear
regression was performed to determine which variables

(fat-free mass, number of times milk was expressed, or
amount of milk expressed each day) were predictive of
RMR. Fat mass and body weight were not included in the
multilinear regression to prevent multicolinearity given
that 1) fat mass, fat-free mass and body weight are inter-
correlated and 2) that fat-free mass has been shown pre-
viously to be a better indicator of RMR than fat mass
(Halliday et al., 1979).

3 | RESULTS

Subject characteristics are listed in Table 1.
No statistically significant differences in VO2, VCO2,

VE, RER, and RMR (Figure 1) (p > .05) were found in the
lactating women. RMR at baseline was not significantly
correlated to the average amount of milk produced per
day (r = 0.05, p = .82) or the number of times breast milk
was expressed per day (r = 0.10, p = .69). Baseline RMR
was significantly correlated to body mass (kg) (r = 0.73,
p < .001), fat-free mass (kg) (r = 0.61, p < .01), and fat

TABLE 1 Subject characteristics

Group Characteristics Data

Lactating
(n = 22)

Age (years) 31 ± 0.9

BMI (kg/m2) 27.3 ± 1.2

%Fata 38.0 ± 2.1

%FFMa 62.0 ± 2.1

Average amount of milk
produced per day (oz)

37.4 ± 2.9

Average number of
feedings per day

7.9 ± 0.5

Nonlactating
(n = 21)

Age 27 ± 1.3

BMI 27.5 ± 1.2

%Fat 34.7 ± 2.1

%FFM 65.3 ± 2.1

Abbreviations: BMI, body mass index; FFM, fat-free mass.
aData was not collected in one subject.

FIGURE 1
Cardiorespiratory measures

during resting metabolic rate

in lactating women.

(A) Resting metabolic rate

(RMR), (B) respiratory

exchange ratio (RER),

(C) oxygen consumption (VO2),

(D) carbon dioxide production

(VCO2), and (E) ventilation

(VE) in the lactating women

before (baseline) and 1 and 2 h

following breast milk

expression. Data are presented

as mean ± standard error.

REYNOLDS ET AL. 3 of 5

 15206300, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.23874 by O

ld D
om

inion U
niversity, W

iley O
nline L

ibrary on [27/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

______________________________ MU MAN ......,... American Journal of Human Biology_ Wf LEY~---

(A) 1500 (B) 1.0 

-;:; 0.8 

~ 1000 
0.6 iii 0:: u w :. 0:: 

0:: 0.4 
~ 

500 
0:: 0.2 

0 0.0 
Baseline 1 hour 2 hour Baseline 1 hour 2 hour 

(C) 
0.25 

(D) 0.20 

0.20 
0.15 c c 

.E 0.15 
.E 

~ ~ 0.10 
N 0.10 

N 

§? 0 
(.) 

> 0.05 
0.05 

0.00 0.00 
Baseline 1 hour 2 hour Baseline 1 hour 2 hour 

(E) 25 

20 

c 
·E 15 

~ 

~ 
10 

5 

0 
Baseline 1 hour 2 hour 



mass (kg) (r = 0.71, p < .01) in the lactating women. Fur-
thermore, the multilinear regression model was statisti-
cally significant (r2 = 0.53, p = .02); however only fat-
free mass was a significant predictor of baseline RMR
(p < .01). The average amount of milk produced each day
and the number of times breast milk was expressed each
day were not statistically significant (p > .05).

RMR did not change in the nonlactating women fol-
lowing 2 h of sitting (baseline: 1427 ± 41; 1 h: 1435 ± 39;
2 h: 1422 ± 38 kcal/day). Furthermore, heart rate was
unchanged (p > .05) from baseline to 1 and 2 h postlacta-
tion or sitting (data not shown).

4 | DISCUSSION

The principal finding of this study is that RMR was not
statistically different from pre to 1 or 2 h following a sin-
gle bout of lactation. RMR was not significantly corre-
lated to average ounces of milk produced each day or
number of times breast milk was expressed in a day.
However, RMR was positively correlated to body mass,
fat mass, and fat-free mass in the lactating women, indi-
cating that elevated body mass—whether it be from addi-
tional fat or fat-free mass gained during pregnancy—is
related to RMR. These data point to the importance of
body mass to influence RMR.

Indeed, studies demonstrate that body mass is an
important factor of determining RMR (Halliday
et al., 1979). This may also contribute to the variability in
results on the consensus of whether lactation increases
daily RMR. Several studies which have examined RMR in
lactating women have demonstrated mixed results on
whether RMR is significantly elevated (Butte et al., 2001;
Spaaij et al., 1994). Butte et al. (2001) demonstrated that
basal metabolic rate was not significantly different
3 months postpartum (lactating state) compared with 18–
24 months postpartum (nonlactating state). The women
in that study did not have a significant difference in body
weight or fat-free mass in the lactating and nonlactating
phases; however, there was a small but statistically signif-
icant difference in fat mass between the two time periods.
Nonetheless, fat-free mass appears to be a better indicator
of RMR than fat mass (Halliday et al., 1979). In contrast
to Butte et al. (2001), Spaaij et al. (1994) demonstrated a
significant increase in basal metabolic rate 2 months
postpartum (lactating state) compared with prepregnancy
(nonlactating state). It is important to note, however, that
the women weighed more during the postpartum period
compared with prepregnancy, which may be accounting
for the differences in RMR. Thus, lactation in and of itself
may not increase RMR, but may be more related to
changes in body mass in the postpartum/lactating period.
The findings from the present study support these studies

by demonstrating significant, positive correlations
between RMR and body mass/composition measures in
addition to a lack of significant correlations between
RMR and milk production.

5 | CONCLUSIONS

An acute bout of lactation did not alter RMR. Further-
more, RMR was not correlated to milk production or num-
ber of times milk was expressed; rather, it was strongly
correlated to body mass, fat mass, and fat-free mass. Thus,
it appears that body mass and body composition are
important predictors of RMR in lactating women.
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