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Abstract
The aim of this study was to characterise changes in lean soft tissue (LST) and examine the contributions of energy intake, physical activity
and breast-feeding practices to LST changes at 3 and 9 months postpartum. We examined current weight, LST (via dual-energy X-ray
absorptiometry), dietary intake (3-d food diary), physical activity (Baecke questionnaire) and breast-feeding practices (3-d breast-feeding
diary) in forty-nine women aged 32·9 (SD 3·8) years. Changes in LST varied from −2·51 to +2·50 kg with twenty-nine women gaining LST (1·1
(SD 0·7) kg, P < 0·001) and twenty women losing LST (−0·9 (SD 0·8) kg, P < 0·001). Energy intake (133 (SD 42) v. 109 (SD 33) kJ/kg, P = 0·019) and
% kJ from fat at 3 months postpartum was higher in women who gained LST at 9 months postpartum (gained LST = 34 (SD 5) % kJ; lost
LST = 29 (SD 4) % kJ, P = 0·002). Women who gained LST reported breast-feeding their infants more frequently (gained LST = 8 (SD 3) feeds/d;
lost LST = 5 (SD 1) feeds/d, P = 0·014) and for more time per d (gained LST = 115 (SD 78) min/d; lost LST = 59 (SD 34) min/d, P = 0·016)
at 9 months postpartum. Energy intake and % kJ from fat at 3 months were signiﬁcant predictors of LST gain (β = 0·08
(SE 0·04) and 0·24 (SE 0·09), respectively). This suggests that gain in LST may be associated with more frequent and longer episodes of
breast-feeding at 9 months postpartum as well as dietary intake early in the postpartum period.
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Pregnancy is now an independent risk factor for obesity in
women due to excess gestational weight gained (GWG) and
subsequently retained throughout the postpartum period. While
weight retention and efforts to reduce excess weight in the
postpartum period have been widely reported, little attention
has been paid to the composition of the retained weight. The
relative composition of the retained weight is important, as
changes in fat mass (FM) and lean soft tissue (LST) throughout
the postpartum period may be a predictor of metabolic health
complications later in life(1). The health consequences related to
FM retention in the postpartum period such as increased BMI,
and risk for glucose intolerance and insulin resistance are now
well established(1). However, limited research has documented
changes in LST over the postpartum period and how this body
composition component may inﬂuence maternal health over
the pregnancy-postpartum cycle.
Despite it being well established that changes in body composition are not always reﬂected in weight change, literature in
this area primarily focusses on changes in postpartum weight
and BMI. In addition, changes in FM and LST are now considered better predictors of maternal nutritional status(2) yet few
studies have evaluated these changes, and those that have, offer

contradictory evidence. Research to date has focussed mainly
on changes in FM with some studies reporting a signiﬁcant
decline in FM(3) early in the postpartum period; in contrast,
other studies have documented no changes in FM(4). Of note,
the majority of studies reviewed by Neville et al.(5) reported
little or no association between lactation and change in FM in
healthy, well-nourished women. This questions the relevance of
investigations which focus on FM alone and emphasises the
need to explore changes in other components of maternal body
composition.
The trajectory of LST over the postpartum period has largely
been ignored, despite the importance of this body composition
component to support health across the lifespan in the
immediate and long term being recently highlighted(6,7). In the
short term, losses in LST can contribute to the development of
obesity via a reduction in energy metabolism(8). For women in
childbearing years, this pattern of body composition change
could perpetuate the development of obesity in subsequent
pregnancies resulting in unfavourable body composition (concurrent low LST and high FM) tracking into the postpartum
period(4). Women’s long-term health can also be impacted, as
heading towards menopause with already depleted levels of
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LST could further exacerbate the deleterious effects this life
stage can have on body composition(9). In contrast, the accrual
of LST has many beneﬁts including increased metabolic rate(10),
reduction in inﬂammatory markers(11) and decreased risk of
age-related diseases such as sarcopenia(8,12). Efforts to prevent
LST decline should be initiated before menopause(13) as previous research suggests that regular physical activity and adequate energy and protein intakes can attenuate losses in LST as
women age(14–16). The established functional(17) and metabolic
properties(18) of LST illustrate the importance of maintaining this
body composition compartment for overall health.
Given the recent knowledge highlighting the beneﬁcial effects
of optimal LST on women’s health, we aimed to characterise
postpartum changes in LST. In addition, the commencement and/
or cessation of breast-feeding, coupled with subsequent changes
in dietary intake and physical activity, could elicit changes in
LST. Therefore, we also examined the effects of energy intake,
physical activity and breast-feeding practices on change in LST
between 3 and 9 months postpartum. We anticipated that fat and
LST would be mobilised at different rates throughout the postpartum period based on a women’s breast-feeding status, dietary
intake and physical activity levels.

Methods
Subjects
This study was part of a longitudinal observational study investigating determinants of body weight and body composition
during the postpartum period. Healthy postpartum women (n 53)
between 22 and 42 years of age from Alberta, Canada, were
recruited using newspaper advertisements, ﬂyers, mailings to
speciﬁc listservs, local events with maternity or baby themes,
community health clinics and word of mouth. All participants
were at least 18 years of age, had a singleton term pregnancy
(37–42 weeks) and were no more than 3 months postpartum at
the time of enrolment. Women reported in good health, nonsmokers and not taking any medication which could affect their
body composition or energy metabolism. This study was conducted according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving human subjects/patients
were approved by the Health Research Ethics Board of the University of Alberta. Written informed consent was obtained from all
subjects/patients before any data collection.

Testing protocol and measurements
Following recruitment, each participant completed a questionnaire and provided information including age, marital
status, income, education, parity and birth delivery information.
Participants also reported their prepregnancy weight and
highest weight in pregnancy.
Participants visited the Human Nutrition Research Unit at the
University of Alberta at 3 and 9 months postpartum. Women
were instructed to arrive at the Unit between 07.00 and
08.00 hours in a fasted state. On arrival, anthropometrics were
recorded (detailed below) and participants underwent a wholebody dual-energy X-ray absorptiometry (DXA) scan. A 3-d food

diary, physical activity questionnaire and 3-d breast-feeding
diary (including 1 d of infant test weighting) were then given to
participants along with detailed instructions on how to complete them. This protocol was repeated at 9 months postpartum.

Anthropometrics and body composition. Postpartum body
weight (Healthometer Professional Scale; Sunbeam Products Inc.)
and standing height (235 Heightronic™, Concepts; QuickMedical)
were measured to the nearest 0·1 kg and 0·1 cm, respectively.
Weight change was calculated as highest weight in pregnancy −
baby birth weight − current weight (measured). Body composition, including FM and LST, was measured using DXA (GE
Medical Systems) and analysed with enCORE 9.20 software.
Trunk, arm and leg values for FM and LST were obtained from
subregion analysis of the whole-body scan. Composition of the
android (area between the ribs and the pelvis, enclosed by the
trunk region) and gynoid (hips, upper thighs, buttocks) regions
was also obtained from subregion analysis(19). LST was considered as the sum of body water, total body protein, carbohydrates, non-fat lipids, and soft tissue mineral, while fat-free mass
(FFM) was calculated by adding the values of LST and bone
mineral content provided by the DXA scans.
Dietary intake. Self-estimated information about recent food
and beverage intake was collected using 3-d food diary that
included two weekdays and one weekend day. Participants
were trained by research staff on the level of detail needed to
complete these records at the 3-month visit. Participants were
instructed to self-report all food and drink (brand, estimated
amount, cooking style, portion size) to the best of their ability
using standard household measures (e.g. cups, tablespoons) to
gauge food intake. Food diaries were reviewed by research staff
for completeness and analysed for total energy content and
macronutrient intake using Food Processor II (version 9.0;
ESHA Research).
Physical activity. The Baecke physical activity questionnaire
(BPAQ) was used to assess habitual physical activity levels. This
is a sixteen-item questionnaire, with three categories of physical
activity: ‘at work’, ‘sport’ and ‘non-sport leisure’ time. Scores for
each of these categories (out of ﬁve) are calculated and summed for a total physical activity score out of ﬁfteen. A higher
score represents a higher level of physical activity. Details
outlining the speciﬁc calculations used to score the BPAQ have
been published elsewhere(20). In addition, participation in mild,
moderate and strenuous activities reported by participants was
evaluated throughout the questionnaire.
Breast-feeding practices. Information on breast-feeding practices were obtained using a 3-d diary that included 1 d of infant
test weighing. To obtain a measure of milk volume production,
infants were weighed before and after each breast-feeding
session for 24 h using an electronic baby scale with digital display (accuracy within 0·1 g and precision of ±2·0 g (BabyWeigh™ II Scale; Medela)). Women were instructed not to
change their infant’s diaper between weighings within the same
breast-feeding session. Milk volume production was calculated
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assuming 1 g/ml. During each test weighing day, as well as on
two other days either before or after the test weighing, women
recorded the frequency and duration of each feeding episode.
Using information on volume of milk produced and the frequency and duration of breast-feeding sessions, energy
expended in breast-feeding was calculated according to the
WHO Human Energy requirements report(21) and also expressed as a percentage of total energy expenditure (TEE).

Energy expenditure. TEE was estimated using the factorial
method(22) from predicted resting energy expenditure combined with a physical activity level value of 1·4, representing a
low activity lifestyle as was previously found in postpartum
women(23,24). For lactating women, the calculated energy cost
of breast-feeding, as outlined above, was added to the estimate
of TEE.

Statistical analysis
GWG was calculated as the difference between highest weight
in pregnancy minus prepregnancy weight. Women’s adherence
to the Institute of Medicine/Health Canada GWG guidelines(25)
was determined by categorising them as either having ‘met’ or
‘exceeded’ the GWG guidelines speciﬁc to their prepregnancy
BMI. No participant gained weight at a level below their BMIspeciﬁc GWG guidelines. Energy intakes (kJ/d) were expressed
as kJ/kg and macronutrient intakes were expressed as g/kg of
body weight and as percentage of energy intake.
All data analyses were performed using SPSS for Windows
version 15.0 (SPSS Inc.). Data are reported as means and standard
deviations, and a P-value of ≤0·05 was considered statistically
signiﬁcant. Paired t tests were used to determine differences
between prepregnancy and postpartum variables (at 3 and
9 months). Women were categorised according to whether they
had gained or lost LST. Differences between these two groups’
prepregnancy characteristics and postpartum dietary intake, physical activity scores and breast-feeding practices were evaluated
using independent t tests or Mann–Whitney U tests for nonparametric data as appropriate. One-sample t tests were used to
determine whether changes in body composition across the
postpartum period were signiﬁcantly different from zero. This was
an observational study, where the number of eligible women who
completed the study at 3 and 9 months determined the sample size.
The relationships among energy intake, physical activity,
energy expenditure, breast-feeding practices and changes in
LST (as a continuous variable) were examined using linear
regression. Univariate analyses were used to assess the association between LST change and dietary intake (total energy
content and macronutrient intake (%)), physical activity scores
(total and sub scores) as well as breast-feeding variables
(number of feeds per d, length of feeds and percentage of
energy expended in breast-feeding). The signiﬁcant independent variables that were entered into the regression analyses
were continuous variables: energy intake (kJ/kg), fat intake
(total energy content (%)) and length of feeds per d at 3 months
postpartum.
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Results
Group characteristics
Of the ﬁfty-three participants enrolled in the study, only four
were lost to follow-up. One participant did not complete the
3-month postpartum test visit, while three (two due to subsequent pregnancy) did not return for the 9-month follow-up
visit. In general, participants were college educated (80 %),
married (90 %) and self-identiﬁed as Caucasian (88 %), Latin
American (6 %) or Asian (6 %). Over half (57 %) of the participants were primiparous and most had had an uncomplicated
vaginal delivery (70 %).
The prepregnancy and pregnancy anthropometrics, postpartum weight, dietary intake, physical activity scores and
breast-feeding practices of the forty-nine women who completed the study and had data available at 3 and 9 months are
presented in Table 1. The majority of participants had a healthy
BMI before pregnancy (57 %); however, overweight (25 %) and
obese (18 %) participants were also part of the study.
Approximately 49 % met and 51 % of participants exceeded
their BMI-speciﬁc GWG guideline.
All women experienced a signiﬁcant decline in weight over
the postpartum measurement period (10·4 (SD 5·8) kg,
P < 0·001). As expected, average weight change was greater
during the ﬁrst 3 months postpartum (−11·9 (SD 3·4) kg) than
between 3 and 9 months (−2·0 (SD 3·8) kg). Although all women
lost weight between delivery and 3 months postpartum, nine
women gained weight (2·8 (SD 3·5) kg) between 3 and 9 months
postpartum. Average weight loss in those who continued to lose
weight between 3 and 9 months postpartum ranged from −2·7
to −22·0 kg.
Women consumed 8996 (SD 2025) kJ/d (range: 5531–
15 431 kJ/d) and 8648 (SD 2113) kJ/d (range: 4381–12 519 kJ/d) at
3 and 9 months, respectively. Total BPAQ activity scores at
3 months postpartum were 8·1 (SD 1·3) and were similar to scores
at 9 months postpartum (8·0 (SD 1·8), P = 0·429). In all, 80% of
women (n 39) who participated in the study breast-fed for a
minimum of 3 months, with 57 % of those women continuing to
breast-feed for up to 9 months postpartum. For those who had
stopped breast-feeding by the end of the study, the average
duration of breast-feeding was 189 (SD 91) d and ranged between
10 and 252 d.

Body composition changes between 3 and 9 months
postpartum
There was no signiﬁcant change in average LST (0·31
(SD 1·2) kg, P = 0·083) or FFM (0·26 (SD 1·2) kg, P = 0·123)
between 3 and 9 months postparum for the group as a whole,
although there were signiﬁcant reductions in total and regional
FM (%) between 3 and 9 months postpartum on a group level
(Table 2). In addition, the amount of individual change in LST
varied widely between women (Fig. 1). It was also evident that
LST change did not follow the same trajectory in all women (Fig.
2); since between 3 and 9 months postpartum, twenty-nine
women (59 %) accrued a signiﬁcant amount of LST (1·1 (SD 0·7) kg,
P < 0·001) and twenty women (41 %) lost LST (−0·9 (SD 0·8) kg,
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Table 1. Participant characteristics*
(Mean values and standard deviations; ranges and percentages)
Mean
Age (years)
Height (m)
Prepregnancy weight (kg)
Prepregnancy BMI (kg/m2)†
Gestational weight gain (kg)
Weight (kg)
After delivery‡
3 months
9 months
Dietary intake
Energy intake (kJ/d)
3 months
9 months
Energy intake (kJ/kg)
3 months
9 months
Carbohydrate (%)
3 months
9 months
Protein (%)
3 months
9 months
Fat (%)
3 months
9 months
Physical activity scores§
Total (1–15)
3 months
9 months
Sport (1–5)
3 months
9 months
Leisure (1–5)
3 months
9 months
Work (1–5)
3 months
9 months
Breast-feeding practices||
Number of feeds/d
3 months
9 months
Total time feeding (min/d)
3 months
9 months
Energy expended breast-feeding (kJ/d)
3 months
9 months
TEE expended breast-feeding (%)
3 months
9 months

SD

Range

32·9
1·67
71·5
25·7
15·1

3·8
0·73
16·2
5·3
5·1

22·3–41·5
1·53–1·83
49·9–121·6
19·5–41·7
5·0–27·2

83·1
74·4
72·7

15·3
15·0
16·9

61·2–131·5
54·1–123·5
53·4–120·3

8996
8648

2025
2113

5531–15 431
4381–12 519

126
126

38
42

63–213
42–205

49
45

7
7

32–66
24–55

17
18

4
5

11–36
12–40

32
36

5
6

23–46
22–52

8·2
8·3

1·2
1·2

5·9–10·9
5·7–10·9

2·8
2·8

0·9
0·9

1·0–4·5
1·3–4·5

2·8
2·8

0·4
0·5

1·6–3·7
1·9–3·6

2·7
2·8

0·3
0·4

1·9–3·6
1·5–3·8

9
7

3
3

3–15
2–15

155
94

72
70

60–358
13–309

2741
1946

895
799

837–5213
226–3163

22
16

6
6

9–36
2–26

TEE, total energy expenditure.
* Prepregnancy and pregnancy anthropometrics, postpartum weight, dietary intake, physical activity and breast-feeding practices (n 49).
† Self-reported prepregnancy weight and height measured at 3 months postpartum were used to calculate prepregnancy BMI.
‡ Weight after delivery was calculated as the highest weight in pregnancy minus baby birth weight.
§ The Baecke total physical activity score was calculated by summing the activity components (sport, leisure, work) scores to give a total score out of 15.
|| Number of women breast-feeding at 3 and 9 months was 39 and 28, respectively.

P < 0·001) (Table 3). The absolute difference between groups in
LST gain and loss was signiﬁcant for each region examined,
respectively: arms (0·0 (SD 0·0) v. −0·1 (SD 0·2) kg, P = 0·004),
legs (0·3 (SD 0·3) v. −0·2 (SD 0·4) kg, P < 0·001), trunk (0·7 (SD 0·6) v.
−0·6 (SD 0·7) kg, P < 0·001), android (0·1 (SD 0·1) v. −0·1
(SD 0·1) kg, P < 0·001) and gynoid (0·2 (SD 0·2) v. −0·1 (SD 0·2) kg,
P < 0·001).

Despite differences in LST change, body weight was not signiﬁcantly different at 3 or 9 months postpartum between women
who gained LST or lost LST (Table 3). Interestingly, total FM
decreased signiﬁcantly in women who gained and those who lost
LST (−2·4 (SD 4·2) kg, P = 0·005 and −2·1 (SD 2·4) kg, P = 0·001 FM,
respectively). Age, height, prepregnancy weight, prepregnancy
BMI, GWG and highest weight in pregnancy did not differ
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Table 2. Body composition (total and regional) at 3 and 9 months postpartum (n 49)
(Mean values and standard deviations)
3 months postpartum

Lean soft tissue (kg)
Fat-free mass (kg)
Fat mass (kg)
Total percentage fat mass
Arms percentage fat mass
Legs percentage fat mass
Trunk percentage fat mass
Android region percentage fat mass
Gynoid region percentage fat mass

9 months postpartum

Mean

SD

Mean

SD

P

42·2
44·9
29·8
38·5
33·8
41·2
39·8
44·6
47·2

4·9
5·3
12·2
8·4
9·4
8·2
9·2
9·9
6·7

42·5
45·2
27·5
36·1
32·3
38·7
37·1
41·8
44·9

5·0
5·3
13·5
9·4
10·5
9·0
10·3
11·6
7·5

0·082
0·123
<0·001
0·001
<0·001
<0·001
<0·001
<0·001
<0·001

55

8
50

6
Lean soft tissue (kg)

Number of women (n 49)

10

4

2

0

–3.00

–2.00

–1.00

0.00

1.00

2.00

45

40

3.00

Change in LST (kg)

35

Fig. 1. Histogram of the change in lean soft tissue (LST) between 3 and
9 months postpartum.

between groups of women who gained or lost LST between 3 and
9 months postpartum. In addition, those who gained or lost LST
also did not differ with respect to adherence to GWG guidelines
(gained LST met: 45 %; exceeded: 55 %; lost LST met: 55 %;
exceeded: 45 %) or parity (gained LST: primiparous 52 %, multiparous 48 %; lost LST: primiparous 55 % and multiparous 45 %).
Energy intake (kJ/kg) and % kJ from fat at 3 months postpartum were higher in women who gained compared with
those who lost LST (Table 3). Through a more in-depth analysis,
we observed that women who gained LST had a higher relative
intake of saturated fat than those who lost LST (12·3 (SD 2·6) and
9·7 (SD 2·5) %, respectively); no differences in mono- or polyunsaturated fat intake were reported. At 9 months postpartum,
no differences in energy, fat intake or physical activity were
observed; however, women who gained LST reported breastfeeding their infants more frequently and for a longer period of
time per d. While not signiﬁcant, a higher percentage of women
who gained LST participated in moderate and strenuous physical activity at 3 and 9 months postpartum in comparison with
women who lost LST (55 v. 21 %, P = 0·625 and 40 v. 23 %,
P = 0·322, respectively).

Relationship between behavioural characteristics and
changes in lean soft tissue
Linear regression was used to examine whether dietary
intake, physical activity or breast-feeding practices were

30
3 months PP

9 months PP
Time point

Fig. 2. Change in lean soft tissue between 3 and 9 months postpartum (PP).
, Individual changes in lean soft tissue between 3 and 9 months PP.
, Average lean soft tissue change for the group as a whole (0·3 (SD
1·2) kg, range: −2·5 to 2·5 kg).

associated with changes in LST between 3 and 9 months
postpartum. Energy intake, fat intake (%) and number of feeds
per d at 3 months postpartum were entered into the model
(Table 4) as these variables were signiﬁcantly associated with
LST in the univariate analyses. Energy intake and number
of breast-feeds per d at 3 months postpartum were not associated with an increase in LST. However, higher dietary fat
intake (% kJ) at 3 months was signiﬁcantly associated with an
increase in the likelihood of gaining LST over the postpartum
period.

Discussion
Results from this study highlight the large variability in LST
changes that occur in postpartum women. Although the
trajectory of FM and bone mineral density changes in the
postpartum period have previously been explored, changes in
LST have not been well documented. The retention and loss of
LST have been examined by only few studies in this population
and often as a secondary measure of body composition(26,27).
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Table 3. Anthropometric characteristics, dietary intake, physical activity and breast-feeding practices of women who gained or lost lean soft tissue between
3 and 9 months postpartum†
(Mean values and standard deviations)
Gained lean soft tissue
(n 29)
Mean
Prepregnancy and pregnancy anthropometrics
Age (years)
Height (m)
Prepregnancy weight (kg)
Prepregnancy BMI‡ (kg/m2)
Gestational weight gain (kg)
Excess gestational weight gain (kg)
Weight after delivery§ (kg)
Postpartum weight (kg)
3 months
9 months
Dietary intake
Energy intake (kJ/kg)
3 months
9 months
Carbohydrate (%)
3 months
9 months
Protein (%)
3 months
9 months
Fat (%)
3 months
9 months
Physical activity scores||
Total (1–15)
3 months
9 months
Sport (1–5)
3 months
9 months
Leisure (1–5)
3 months
9 months
Work (1–5)
3 months
9 months
Breast-feeding practices¶
Number of feeds/d
3 months
9 months
Total time feeding (min/d)
3 months
9 months
Energy expended breast-feeding (kJ/d)
3 months
9 months
Total energy expended breast-feeding (%)
3 months
9 months

Lost lean soft tissue
(n 20)
SD

Mean

SD

32·7
1·67
68·4
24·9
16·1
3·0
81·0

3·2
0·72
14·7
4·7
5·1
4·3
14·7

33·2
1·68
76·0
27·0
13·6
2·5
86·2

4·5
0·75
17·7
6·0
5·8
3·7
16·0

72·1
70·9

15·1
16·9

78·2
75·3

16·4
16·9

134*
134

32
32

109
117

33
32

48
45

7
7

52
46

7
5

17
18

4
6

18
18

5
4

34*
35

5
6

30
36

4
5

8·3
8·5

1·2
1·2

8·1
8·2

1·4
1·2

2·8
2·9

0·9
0·9

2·7
2·7

0·9
0·8

2·8
2·7

0·4
0·5

2·8
2·8

0·5
0·3

2·7
2·9

0·3
0·5

2·7
2·7

0·4
0·4

9
8*

3
3

8
5

2
1

169
115*

72
78

130
59

67
34

2628
2096

757
678

2941
1690

1100
958

21
18

6
5

22
14

7
7

* Significant difference between groups, P < 0·05.
† The numbers of women breast-feeding among those who gained lean soft tissue and those that lost lean soft tissue were n 25 at 3 months, n 14 at 9 months, and n 17 at 3 months
and n 11 at 9 months, respectively.
‡ Self-reported prepregnancy weight and height measured at 3 months postpartum were used to calculate prepregnancy BMI.
§Weight after delivery was calculated as the highest weight in pregnancy minus baby birth weight.
|| The Baecke total physical activity score was calculated by summing the activity components (sport, leisure, work) scores to give a total score out of 15.
¶ Number of women breast-feeding at 3 and 9 months was 39 and 28, respectively.

While changes in weight and FM are clearly important, there is a
growing appreciation for the extent to which LST is a strong
predictor of health(17). Pregnancy and postpartum are important
life stages, characterised by signiﬁcant metabolic and physiological changes and adaptations. It is important to examine the

many changes in all components of body composition to further
our understanding of how these are coordinated and can contribute to future health and/or disease risk for the mother.
On a group level, women lost weight over the postpartum
period, most of which was from the FM compartment. These
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Table 4. Linear regression: postpartum factors associated with changes
in lean soft tissue in a multivariate analysis
(β-Coefficients and standard errors)
Independent variables
Energy intake at 3 months (kJ/d)
Fat intake (% kJ) at 3 months
Number of feeds/d at 3 months

β

SE

95 % CI

P

0·001
0·113
− 0·127

0·00
0·04
0·08

0·00, 001
0·04, 0·19
− 0·28, 0·02

0·141
0·005
0·096

results are consistent with Hatsu et al.(28), who reported signiﬁcant changes (loss) in maternal weight and percent body fat in
exclusively breast-feeding (n 17) and mixed feeding (n 7)
women aged 19–24 years. However, on further examination of
body composition change overtime in our study, it became evident that not all women followed the same pattern of LST
change. Approximately 60 % of the women studied experienced
a signiﬁcant increase in LST, while the others lost LST over the
postpartum period. In studies assessing nutritional status and
body composition in clinical cohorts, a change in 1 kg of LST is
considered physiologically signiﬁcant(29). Here, we found 30 % of
women had over a 1 kg increase in LST, while some women
(15 %) had lost over 1 kg of LST. In order to understand and
examine the potential health effects these changes in LST may
have, and how a woman's body composition changes over their
lifespan, long-term follow-up throughout postpartum is needed.
Gain in LST at 9 months postpartum was associated with
more frequent and longer episodes of breast-feeding at
9 months and higher energy and fat intakes at 3 months. Lactation is thought to stimulate changes in maternal body composition, via mobilising FM however, its inﬂuence on changes
in LST is yet to be established. Physiological mechanisms related to lactation that could increase LST need further study, but
hormones such as oxytocin and prolactin are likely contributors(30). A growing body of evidence suggests that oxytocin
is important in regulating energy balance(31). Furthermore, in a
study of female athletes, Lawson et al.(32), noted that oxytocin
secretion was positively associated with resting energy expenditure in athletes but not in non-athletes and suggested that
oxytocin may have particular importance in energy-deﬁcient
states; this could perhaps, for some women, be throughout
lactation. The extent to which this contributes to body composition changes in postpartum women deserves further study.
In addition, other hormones that could be contributing to body
composition changes include testosterone and oestrogen.
Variation in these hormones during the postpartum period
could inhibit some women from gaining LST (e.g. if testosterone
was low and oestrogen was high) or could attenuate the loss of
LST if testosterone was high and oestrogen was relatively high.
Unfortunately, these hormones were not measured in this
study, and inferences on the effects they have on changes in
LST throughout postpartum cannot be made.
The observation that higher energy intakes and higher fat
intakes at 3 months postpartum is associated with LST gain is
unexpected. This result could be attributed to how we explored
fat intake both as a percentage of overall energetic intake and as
per kg of body weight. Perhaps by expressing fat intake relative
to body weight, the relationship between fat intake and LST
accrual was highlighted. Previous studies may have missed this
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when only controlling for energy intake. Speculating as to why
a higher fat intake could have contributed to increase LST, we
looked at what prior studies had reported on the link between
fat intake and LST.
One previous study(33) found that LST may be accrued
throughout lactation in well-nourished women and linked this
to higher energy and protein intakes in these women(33). These
authors suggested that diets high in energy and protein may
preserve LST from catabolism by meeting the metabolic needs
for milk protein production in the mammary glands. Furthermore, a study by Noreen et al.(34) documented that in healthy
adults, polyunsaturated fat intake may promote muscle gain. In
fact, long-chain fatty acids have anabolic properties which
could stimulate muscle synthesis in healthy adults(35). However,
no difference in polyunsaturated fat intake between women
who gained LST and those who lost LST was observed in this
cohort. Furthermore, fat intake has also been documented to
induce sparing of body nitrogen by a reduction in amino acid
oxidation in energy-deﬁcient state(36). Any or all of these three
effects may have been occurring in some women and could
contribute to accrual of LST. These observations deserve additional follow-up.
Increases in physical activity may also promote increases in
LST although this is not well studied in postpartum women.
In this study, physical activity was not associated with changes
in LST and sport activity scores were not different at 3 and
9 months postpartum among women who gained or lost LST.
While more women who gained LST reported engaging in
moderate to vigorous physical activities at 3 and 9 months
postpartum, differences between groups were not signiﬁcant.
The small effect size, relatively small sample size and sensitivity
of the questionnaire could all contribute to the lack of statistical
signiﬁcance. It is possible that the type of physical activity in
addition to the amount is more important in eliciting changes in
LST. Resistance exercises have been found to elicit gains
in LST in healthy non-pregnant, non-lactating women(37), and
Sims et al.(38), reported that resistance training is needed to
prevent loss in LST as women age. Details about the type of
exercises performed (i.e. strength, aerobic, resistance) was
not collected in our study but should be examined in more detail
in future studies(39,40). Determining the types and amount of
physical activity that could support the accrual and preservation
of LST during the postpartum period may be helpful in reﬁning
guidelines and guiding intervention study design.
To the authors’ knowledge, this was the ﬁrst study to assess
changes in LST during the postpartum period using a sophisticated method of body composition assessment and detailed
information on dietary intake, physical activity and breastfeeding practices in a cohort of well-nourished Western
women. As with other studies, the fact that participants were
predominately Caucasian, highly educated and experiencing
their ﬁrst or second pregnancy could limit the generalisability of
our results. Women who have experienced multiple pregnancies, or from other ethnic groups or socio-economic backgrounds may have higher variation in health behaviours. It is
unfortunate that our assessments could not begin earlier and
collect data more frequently in the postpartum period. Data
collected at more frequent intervals could help to identify
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differences in LST across this period, particularly at the time that
many women cease lactation. There are well-known difﬁculties
with assessing physical activity using self-reports(41). The use of
objective measures of physical activity was beyond the scope and
resources of this study but should be considered in future studies.
Another limitation worth commenting on is that total body water
was not assessed. Hydration changes have been reported to
ﬂuctuate throughout pregnancy and during lactation. The accuracy of DXA may be affected by hydration status as the analysis
program assumes a constant and uniform FFM hydration and large
changes in hydration (higher than 5 %) can change the attenuation
of fat-free soft tissue(42) which could cause an overestimation of
the LST compartment. While it has been documented that changes
in hydration status (primarily an increase in extracellular ﬂuid)
occur during pregnancy(2,43), very little is known about hydration
status and its impact on the measurements of LST during the
postpartum period. One previous report(44) has shown that the
hydration of FFM was elevated at 2 weeks postpartum, and differed between lactating and non-lactating women. However, a
similar study showed that by 3 months postpartum, the relative
composition and hydration of the FFM had returned to within the
normal range and no differences were seen between lactating and
non-lactating women(44). Based on this, it is unlikely that hydration status had a major impact on measurement of LST in the
current study.
Difﬁculties in comparing our ﬁndings with published literature
arise from a lack of data reporting changes in LST throughout the
postpartum period. As mentioned previously, small changes in
LST can have signiﬁcant physiological effects on health. Our
research has illustrated that LST change throughout the postpartum period is highly variable, with some women having over a
1 kg increase or decrease in LST. In addition, our modest sample
size in this study (n 49) may have played a role in limiting the
signiﬁcance of some of the statistical comparisons conducted.
A post hoc power analysis revealed that on the basis of the mean
and between-group comparison effect size observed in the present study (d = 0·15), an n of approximately 620 would be needed to obtain statistical power at the recommended 0·80 level.
Recruiting this many women at 3 months postpartum to perform
multiple body composition tests, complete 24 h weigh–reweigh
breastfeeding diaries, and collect data on food intake and physical
activity levels was unfeasible, and beyond the scope of this present observational study.
It is important to note that DXA body composition scans are
not without error. A recent study investigating the least signiﬁcant change when measuring body composition via DXA
showed that DXA scans for whole-body LST measured <1 %
CV(45). However, given the functional and metabolic importance of LST, this still highlights the need to further explore the
complex physiological and behavioural variables associated
with changes in LST over the pregnancy-postpartum cycle as a
whole. Larger studies with detailed assessments of body composition along with behavioural and physiological factors
associated with energy balance would help determine the
inﬂuences and factors which drive changes in LST over the
postpartum period.
The ﬁndings of this study suggest that dietary intake early in
the postpartum period and frequent and longer episodes of

breast-feeding at 9 months postpartum contributes to
improvements in postpartum LST. Given what we know about
the importance of LST on health, more thorough elucidation
of the speciﬁc physiological and behavioural determinants of
LST could help guide effective interventions and improve
women’s health during and after the postpartum period.
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