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ABSTRACT

Objectives To examine the patterns of fat mass gain in
pregnancy and fat loss in the early postpartum period
relative to women’s pre-pregnancy body mass index (BMI)
and by adherence to Institute of Medicine’s gestational
weight gain (GWG) recommendations.

Design Prospective cohort study with three to four study
visits.

Setting This study is a part of the prospective
longitudinal birth cohort, ‘The Alberta Pregnancy
Outcomes and Nutrition Study’ (APrON) that recruited
pregnant women from the cities of Edmonton and Calgary
in Alberta.

Participants 1820 pregnant women were recruited

and followed through their pregnancy and at 3 months
postpartum.

Outcome measures Body weight and skinfold
thicknesses were measured during pregnancy and early
postpartum in women. Body density was calculated from
sum of skinfold thickness (biceps, triceps, subscapula
and suprailiac), and total fat mass accretion during
pregnancy was calculated using Van Raaij’'s equations and
at postpartum using Siri’s equation. Differences in total
fat mass gain, fat mass loss and fat retention according to
pre-pregnancy BMI categories and GWG categories were
tested using two-way analysis of variance and post hoc
comparisons.

Results Most women (64%) had a normal pre-pregnancy
BMI, and overall 49% women exceeded the GWG
recommendations. Obese women gained significantly

less total fat mass, had lower fat mass loss and had
lower postpartum fat retention than normal-weight
women (p<0.05). Women with excessive GWG gained
higher total fat mass and had higher postpartum fat

mass retention (p<0.03) than women who met the GWG
recommendations. Total GWG was positively correlated
with total fat gain (r=0.61, p<0.01) and total fat retention
(r=0.31, p<0.05).

Conclusion Excessive GWG is the significant risk factor
for higher fat mass accretion during pregnancy and higher
postpartum fat retention, irrespective of pre-pregnancy
BMI.

Strengths and limitations of this study

» The prospective nature of this study allowed for
longitudinal measurement and analysis of maternal
body fat during pregnancy and early postpartum in
relation to the recent Institute of Medicine’s gesta-
tional weight gain recommendations.

» Anthropometric measurements were used to assess
fat mass accretion and distribution in this study;
trained research staff performed all the data collec-
tion to minimise measurement errors.

» We used self-reported highest weight to calculate
gestational weight gain; however, a comparison
of this measure to the highest weight measured
during prenatal clinic visits showed no significant
differences.

» Owing to the small sample size of underweight
women in this study, most analyses excluded these
women.

INTRODUCTION
The prevalence rates of overweight and
obesity among women of childbearing years
have increased dramatically in the past four
decades,' and recent reports of high gesta-
tional weight gain (GWG) accompanied
with women not returning to their pre-preg-
nancy weight may further exacerbate this
problem.2 ® The Institute of Medicine’s (IOM)
recommendations for GWG and results
from InterGrowth 21* have focused atten-
tion on appropriate GWG for optimal preg-
nancy outcomes’ ° and reducing the risks for
chronic diseases in maternal and offspring’s
later life.” While body weight is an important
indicator of pregnancy outcomes,”” maternal
fat mass is a stronger predictor of long-term
maternal health.”

Normal physiological adaptations to preg-
nancy require accumulation of subcutaneous
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fat to meet fetal energy demands for growth and devel-
opment,” increased maternal energy demands’ and to
support lactation.'” However, changes in adiposity during
pregnancy and postpartum have not been well-docu-
mented. Most studies are limited to small sample sizes in
cross-sectional studies conducted either in pregnancy or
in postpartum, but not both.""™® This study determined
the patterns of fat mass changes in pregnancy and early
postpartum in a group of women with low-risk pregnancies
who were participating in a prospective cohort study in
Alberta, Canada. Fat gain, loss and retention were exam-
ined relative to women’s pre-pregnancy body mass index
(BMI) and by adherence to IOM’s GWG recommenda-
tions’ to better understand how these factors contribute
to changes in fat mass during and after pregnancy.

METHODS

Study design and population

Pregnant women <27weeks’ gestation, >16years of age
and able to read and write in English were enrolled in
a prospective longitudinal cohort, the Alberta Pregnancy
Outcomes and Nutrition (APrON) study (n=1820),
between 2009 and 2012."* Detailed descriptions of partic-
ipants and the study are published elsewhere.'* ™ Data
were collected at two to three study visits during preg-
nancy, spaced to coincide with each trimester and one
follow-up visit at approximately 3 months postpartum.

Procedures

Women completed questionnaires detailing their socio-
demographic information and medical history prior to
and during pregnancy. At each study visit, weight and
height were measured with light clothing to the nearest
0.01kg (Healthometer Professional 752 KL, Pelstar LLC,
Illinois, USA) and 0.1cm (Charder HM200P Portstad
Portable Stadiometer, USA), respectively, by trained staff.

Pre-pregnancy weight and the highest weight during
pregnancy were self-reported. Women were classified as
underweight (<18.5), normal (18.5-24.9), overweight
(<25.0-29) or obese (=30) according to their pre-preg-
nancy BML'® GWG was calculated as the difference
between pre-pregnancy body weight and the highest
weight during pregnancy. Women with different pre-preg-
nancy BMI were categorised based on whether they were
‘Below’, ‘Met’ or ‘Exceeded’ IOM’s BMI-specific GWG
recommendations.’

Waist circumference was measured to the nearest
0.1 cm using a non-elastic tape placed according to stan-
dard physical landmarks'” in women whose first study visit
occurred at <l16weeks’ gestation and all who attended
the postpartum visit."® Subcutaneous fat was measured
as skinfold thickness (SFT) using callipers at each study
visit at the biceps, triceps, subscapular, suprailiac and
mid-thigh sites (Lange skinfold callipers, Beta Technolo-
gies, Inc., Cambridge, Maryland, USA); all measures were
taken in triplicate on the participant’s right side, and
the mean value was used.'” The same research assistant

completed SFT measurements on 68% of participants.
Inter-rater reliability, expressed as the coefficient of varia-
tion between study personnel (CV%), was determined by
repeating the SF measurements on every 50th participant
and was between 5.1% and 2.8% for all sites. Acceptable
CV% for intra-rater error of 12% have been reported by
other investigators.'’ *

The sum of biceps, triceps, subscapula and suprailiac
SF was used as a proxy for body density*’ and was used
to calculate total fat mass using a pregnancy-specific
equation® in pregnancy and an equation for non-preg-
nant women at postpartum.” The fat mass measured at
each clinic visit was used to calculate outcome measures
as follows: the rate of fat mass gain in early pregnancy
(second trimester—first trimester/number of intervening
weeks), late pregnancy (third trimester—second trimester/
numberof intervening weeks), total fat mass gained in
pregnancy (third trimester—first trimester), fat mass loss
(postpartum—third trimester) and fat retention at post-
partum (postpartum visitfirst trimester). Fat mass distri-
bution during pregnancy and at postpartum was studied
by examining changes in waist circumference and in SFT
at each site measured. The effects of maternal breast-
feeding practices (exclusive breast feeding (breast fed
only for 23 months), mixed feeding (fed breast milk at
breast or expressed breastmilk and formula) or exclusive
formula feeding (only formula fed for 23 months)) on
postpartum fat retention were also examined.

Statistical analysis

Differences in SFT at different anatomical sites according
to maternal pre-pregnancy BMI were tested using one-way
analysis of variance (ANOVA) followed by Tukey’s test for
multiple comparisons. Differences in total fat mass gained
during pregnancy, fat mass loss between third trimester
to postpartum and fat retention according to pre-preg-
nancy BMI categories and GWG categories were exam-
ined using two-way ANOVA and post hoc comparisons. A
multilinear regression analysis was performed to test the
association between GWG as a continuous variable and
total fat gain, after adjusting for pre-pregnancy BMI. The
effects of maternal pre-pregnancy BMI on fat mass accre-
tion during pregnancy were analysed using a multivariate
mixed model adjusted for maternal age, parity, marital
status, ethnicity, family income, GWG categories and
time of study visit (trimesters 1, 2, 3). A separate linear
regression model was used to determine the association
between GWG as a continuous variable and total fat mass
accretion. A multivariable linear regression analysis was
completed to determine the association between breast-
feeding practices and fat retention at the time of the post-
partum visit. Data were adjusted for pre-pregnancy BMI
and GWG, and the interaction between breastfeeding
and pre-pregnancy BMI was tested.

Data were analysed using R statistical package (V.3.2.4,
R Foundation for Statistical Computing, Vienna, Austria).
A p value of <0.05was considered statistically significant.
Results are presented as mean+SD unless otherwise stated.
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Patient and public involvement

No study participants or public were involved in setting
the research question or the outcome measures nor were
they involved in developing plans for recruitment, design
or implementation of the study. Participants were not
involved in any aspects of data analysis, interpretation of
results or manuscript preparation. There are no plans
currently to disseminate the results of the research to
study participants or the relevant patient community.

RESULTS

A total of 2212 women were recruited in the APrON
study and 1820 were included in these analyses. Women
with missing pre-pregnancy BMI (n=266), preterm deliv-
eries at <37weeks (n=140) and those who gave birth to
twins (n=24) were excluded. Four hundred and thir-
ty-five women were enrolled in their first trimester and
1385 were enrolled in their second trimester. Baseline
characteristics of women excluded from this study were
not different from those of women included in further
analyses (online supplementary table 1). Most women
(64.1%) had a normal pre-pregnancy BMI and 49.3%
exceeded the GWG recommendations.” Participants
were predominantly Caucasian (80.7%), married/
common-law (95.7%), university graduates (68.3%)
and had high family incomes (55.1% 2$70 000/year).
At the postpartum visit (~3months after delivery), very
few women exclusively formula-fed their infants (n=14),
while 48% exclusively breast fed their infants and 51%
women used mixed feeding practices (table 1). No inter-
action effect was observed between pre-pregnancy BMI
and GWG, with respect to fat mass accretion during preg-
nancy, fat loss or fat retention. Underweight women were
excluded from most analyses due to small sample size.

Fat mass distribution by pre-pregnancy BMI categories

The average SFT measurements for biceps, triceps,
subscapular, suprailiac and thigh sites by BMI categories
for all study visits are presented in online supplementary
table 2.

Rate of gain in SFT during pregnancy and early postpartum

The triceps, biceps and thigh SFT increased in early preg-
nancy similarly across all BMI categories. In contrast,
subscapula and suprailiac SFT increased more slowly in
overweight and obese women than in those with a normal
BMI (p<0.01) (table 2). The suprailiac SFT continued to
increase at a slower rate in late pregnancy in overweight
and obese women compared with women with normal
BMI. The triceps and thigh SFT also increased at a slower
rate in late pregnancy in obese compared with women
with a normal BMI (p=0.02) (table 2).

Changes in SFT during pregnancy and early postpartum

The total gains in triceps, biceps and thigh SFT during
pregnancy were similar among women in different BMI
categories. Gains in subscapular and suprailiac SFT were

lower in obese than normal weight women (p<0.01) while
suprailiac SFT gain was lower (p<0.01), but subscapular
gain was similar in overweight women compared with
normal weight women (table 3).

The SFT loss between third trimester and postpartum
was similar at the biceps, triceps and thigh skinfold
sites for women in all BMI groups; however, compared
with normal weight women, women in the overweight
and obese BMI classes lost lower amounts of SFT at the
subscapula and suprailiac sites (p=0.01) (table 3).

SFT retention (ie, the difference between first trimester
and postpartum) was similar at the biceps, triceps,
subscapula and thigh sites for all women, but higher
among normal weight than obese women at the suprailiac
site (p=0.04) (table 3).

Waist circumference

Waist circumferences varied between all pre-preg-
nancy BMI groups at <l6weeks’ gestation and post-
partum (p<0.01) (data not shown). Although changes
between the first measurement at <I6weeks’ gesta-
tion and postpartum were similar among all women
(normal: mean increase=1.98+4.84cm, n=238; over-
weight: mean increase=3.02+4.97 cm, n=75; obese: mean
increase=1.70£7.03 cm, n=54, p>0.05), normal and over-
weight women, respectively, had significant increases in
their waist circumference between early pregnancy and
postpartum (p<0.001).

Changes in fat mass during pregnancy
Women in the overweight and obese BMI groups had
higher fat mass than normal or underweight women
(p<0.001) at all study visits (online supplementary table
3). Those who exceeded GWG recommendations had
higher fat mass than women who met or gained below
GWG recommendations (p<0.05) at all study visits during
pregnancy and women who met GWG recommendations
had higher fat mass than those who gained below recom-
mendations at trimesters 2 and 3 (p<0.05) (online supple-
mentary table 3). Among the obese women, the rate of
fat mass accretion in early (p=0.001) and late pregnancy
(p=0.001) was significantly slower compared with normal
weight women (table 4). In comparison with women who
exceeded GWG recommendations, women who gained
below GWG recommendations also had a lower rate of fat
mass accretion during late pregnancy (p=0.001) (table 4).
A comparison of rate of fat gain in late pregnancy versus
early pregnancy showed that all women irrespective
of BMI and GWG categories gained higher rates of fat
mass accretion in late pregnancy than early pregnancy
(mean+SD=0.072+0.09 kg /week, p=0.0002, n=1714).

Total fat mass gain during pregnancy was similar
between normal and overweight women (table 5), while
obese women gained less fat mass than either of these
other two groups (p=0.01) (table 5).

Women with excessive GWG gained more total fat mass
during pregnancy than either women who gained below
or met the GWG recommendations (p<0.001) (table 5).
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Characteristic Underweight Normal Overweight Obese P value

Height (cm)t 1820 167.03+7.32 165.40+6.36 165.81+6.05 165.01+7.41 0.10

Pre-pregnancy BMI (kg/m?) (%) 1820 3.8 64.1 21.5 10.6

Trimester 1 486 51.20+4.31% 61.79+7.31§ 76.10 + 7.379 94.58+13.27™ <0.001

Trimester 3 1590 62.32+7.04% 72.19+8.11§ 86.81 + 8.331 103.26+13.90" <0.001

Gestational weight gain (%) as per 2009 IOM GWG guidelines

Age (years)t

311045 980 33.36+2.61 34.23+2.78 34.65+2.96 34.06+2.59 0.07

0 959 56.3 57.5 47.2 48.9 <0.01
1 631 31.3 34.1 39.3 40.3

2+ 175 12.4 8.4 135 10.8

Married 1691 89.2 96.1 95.8 95.2 0.09
Unmarried 76 10.8 3.9 4.2 4.8

Caucasian 1424 68.8 79.9 82.5 86.6 0.01
Other 340 31.2 20.1 17.5 13.4

Low (<$69 999) 393 34.9 21.0 22.9 26.3 0.001
Medium ($70 000-$99 999) 392 175 20.9 23.7 30.6

High (>$100 000) 965 47.6 58.1 53.4 431

Less than high school diploma 50 9.5 2.6 2.7 2.7 <0.001
High school/diploma/certificate 504 25.4 24.7 34.1 44.3

University degree/postgraduate degree 1198 65.1 72.7 63.2 53.0

Trimester 1 494 11.85+2.47 11.17+2.54 10.73+2.38 10.66+2.39 0.14

Trimester 3 1749 32.32+1.10 32.41+1.30 32.35+1.33 32.44+1.15 0.77
Postpartum age (weeks)t 1642 12.79+2.09 12.80+2.25 12.80+2.41 12.63+1.72 0.84
Exclusive breast feeding 730 55.2 52.3 42.4 33.1 0.07
Mixed feeding 768 44.8 46.8 57.0 65.0

Exclusive formula feeding 14 0 0.9 0.6 1.9

*n=1820 (underweight=69, normal=1166, overweight=391, obese=194); sample sizes within a particular characteristic may not total n=1820due to missing
responses.

tValues are reported as mean+SD.

1,8,9,*Values with different superscripts are different from each other within a row; data were analysed using one-way ANOVA and post hoc estimation by Tukey’s
multiple comparisons test.

ttData were analysed using chi-squared test.
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Table 2 Rate of gain in skinfold thickness during pregnancy according to pre-pregnancy BMI categories

Early pregnancy

Trimester 2-Trimester 1 (mm/week)

Late pregnancy
Trimester 3-Trimester 2 (mm/week)

Skinfold Pre-pregnancy
site BMI n Mean+SD P value n Mean+SD P value
Triceps* Underweight NA NS 51 0.06+0.30t% 0.009
Normal 234 0.12+0.42 988 0.08+0.371
Overweight 81 0.18+0.64 326 0.06+0.417 %
Obese 53 0.10+0.84 164 —-0.03+0.47%
Subscapula* Underweight NA 0.001 51 0.17+0.24 NS
Normal 217 0.18+0.361 970 0.20+0.36
Overweight 84 0.04+0.601% 328 0.18+0.45
Obese 50 —-0.09+0.59% 158 0.16+0.47
Suprailiac* Underweight NA <0.01 52 0.26+0.467 £ 0.02
Normal 233 0.33+0.65F 978 0.24+0.571
Overweight 79 0.04+0.88% 323 0.14+0.58 £
Obese 51 —-0.24+0.88% 160 0.11+0.60 f
Thigh* Underweight NA NS 53 0.25+0.5271 £ 0.02
Normal 228 0.15+0.64 967 0.27+0.55%
Overweight 77 0.05+1.05 314 0.28+0.631
Obese 47 0.14+0.75 154 0.12+0.59

*One-way ANOVA and post hoc estimation by Tukey’s multiple comparisons test.
TEValues with different symbols within a column are significantly different from each other, the p values for significance are presented in

adjacent the columns.

ANOVA, analysis of variance; BMI, body mass index; NA, not applicable, due to small sample size (n=6); NS, statistically not significant.

Total GWG was positively associated with total fat mass
gained in pregnancy in all groups (normal: r=0.63,
p<0.001; overweight: r=0.50, p<0.001; obese: r=0.50,
p<0.001).

Results from the multiple linear regression analysis indi-
cated that a 1 kg increase in GWG was associated with an
average of 0.54 kg increase in total fat gain, after adjusting
for pre-pregnancy BMI categories (figure 1). There was
no significant difference in the relationship between total
fat gain and GWG among different BMI categories.

The multivariate analysis demonstrated that time of
study visit, pre-pregnancy BMI and GWG were significantly
associated with fat mass accretion during pregnancy. Irre-
spective of BMI and GWG categories, all women showed an
incremental gain in fat mass at each subsequent trimester
visit compared with the previous trimester (second
trimester: mean difference=1.08kg, 95% CI=0.81to
1.35, p<0.001; third trimester: mean difference=3.89kg,
95% CI=3.62to 4.16, p<0.001). Higher pre-pregnancy BMI
was associated with greater fat mass. When compared with
normal weight women, overweight and obese women had
higher fat mass (overweight: mean difference over preg-
nancy=7.56kg, 95% CI=6.93 to 8.19, p<0.001; obese: mean
difference=17.44kg, 95% CI=16.64 to 18.24, p<0.001) and
underweight women had lower fat mass (mean differ-
ence=-5.53kg, 95% CI=-6.90to —4.16, p<0.001). Women
with  GWG above recommendations gained signifi-
cantly more fat mass than women who met (met: mean

difference=-2.02kg, 95% CI=-2.57to -1.47, p<0.001) or
gained below recommendations (below: mean differ-
ence=-4.00kg, 95% CI=-4.69 to -3.31, p<0.001).

Fat loss between pregnancy and early postpartum

Fat mass loss between third trimester and postpartum
was similar between women in the underweight, normal
and overweight categories (table 5), while obese women
lost significantly less fat mass than those in the other
BMI groups (p=0.003). Fat mass loss between the third
trimester and postpartum was similar among women who
met or exceeded the GWG recommendations; however,
women who gained below the GWG recommendations
lost significantly less fat mass (p=0.002) than women who
exceeded the recommendations.

Fat retention at early postpartum
Results from the two-way ANOVA indicated that fat mass
retention at postpartum (postpartum-—first trimester) was
similar between women in the normal and overweight BMI
categories (table 5). However, in comparison with women
in the normal and overweight BMI categories, obese
women retained significantly less fat mass at postpartum
(p<0.05), adjusting for GWG guideline adherence.
When pre-pregnancy BMI category was adjusted,
fat mass retention at postpartum was not significantly
different among women who gained below or met the
GWG recommendations; however, women who exceeded
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Table 3 Changes in skinfold thickness during pregnancy and early postpartum by pre-pregnancy BMI categories

Total gain Loss Retention
Pre- Trimester 3-Trimester 1 (mm) Postpartum-Trimester 3 (mm) Postpartum-Trimester 1 (mm)
Skinfold pregnancy Mean+SD
site BMI n Mean+SD P value* n (n) P value* n Mean+SD P value*
Biceps Underweight NA NS 50 -1.02+3.36 NS NA NS
Normal 229 0.81+2.83 924 -0.83+3.63 224 0.60+3.35
Overweight 66 -0.22+4.67 285 -0.34+5.33 60 0.03+5.87
Obese 49 -0.54+7.73 150 0.03+6.06 53 -1.18+8.29
Triceps Underweight NA NS 48 —0.85+4.53 NS NA NS
Normal 242  1.62+4.39 936 -0.38+4.73 236 1.96+4.66
Overweight 77 1.65+5.61 297 -0.98+5.65 72 1.76+6.26
Obese 51 1.21+7.42 152 -0.14+6.59 54 0.48+8.11
Subscapula Underweight NA 0.002 48 -1.84+3.771t§ 0.01 NA NS
Normal 226 3.82+3.58t 920 -1.21+4.44% 221 3.14x+4.74
Overweight 80 3.26+£5.54t1 F 298 -0.21+5.53 1§ 74 2.73+6.59
Obese 47 1.26+5.93% 148 0.70+5.84 19 1.47+7.08
Suprailiac Underweight NA <0.01 49 —6.74+5.54t <0.01 NA 0.04
Normal 236 5.48+6.16t 926 —4.23+6.99t 235  1.46x6.771
Overweight 74 2141691 % 294 -259+7.18 ¢t 70 0.88+7.151 £
Obese 47 -0.01£10.38 £ 148 0.01 + 8.60§ 52 -1.47+9.36 T
Thigh Underweight NA NS 50 -1.35+6.60 NS NA NS
Normal 237 4.49+6.50 922 -2.17+6.83 231 3.03+6.92
Overweight 75 2.78+£9.15 287 -2.48+8.29 70 0.52+9.79
Obese 49 2.44+7.58 143 -1.64+7.50 53 1.48+7.98

*One-way ANOVA and post hoc estimation by Tukey’s multiple comparisons test.
ANOVA, analysis of variance; BMI, body mass index; NA, not applicable, due to small sample size (n=7); NS, statistically not

significant.

the guidelines retained significantly more fat mass than
the latter groups (p=0.03) (table 5). There was a positive
correlation (normal: r=0.31, p<0.001; overweight: r=0.31,
p=0.02; obese: r=0.49, p<0.001) between total GWG and
total fat retention at postpartum.

Since women in this cohort had similar breastfeeding
practices irrespective of their pre-pregnancy BMI, we
hypothesised that the effects of breastfeeding on fat
retention would not differ among these groups. As antic-
ipated, there were no significant differences in fat reten-
tion by breastfeeding practices at an average of 3-month
postpartum ($=0.01, 95% CI=-0.12 to 0.23, p=0.40). No
interactions were observed between breastfeeding and
pre-pregnancy BMI (online supplementary table 4).

DISCUSSION

This prospective cohort study of pregnant women showed
that maternal fat mass distribution and accretion during
pregnancy are influenced by maternal pre-pregnancy
BMI. Also, exceeding GWG was associated with higher
fat mass accretion during pregnancy and greater fat mass
retention at postpartum compared with meeting the
GWG recommendations.

Comparison with other studies

In our study, we found that women with an obese BMI
had different patterns of fat mass distribution, accretion
and retention than women from other BMI categories.
In particular, obese women had lower rates of fat mass
accretion during early and late pregnancy and an overall
smaller total fat mass gain during pregnancy. They
also had lower rates of SFT gain at the subscapula and
suprailiac sites in early pregnancy than normal women.
These observations concur with those of a previous study,
in which women with higher pre-pregnancy BMI experi-
enced slower gains in SFT during early pregnancy.** Our
results further reveal that, in comparison with normal-
weight women, obese women had slower rates of gain in
SFT at the triceps, suprailiac and thigh sites during late
pregnancy, as well as smaller total increases in subscapula
and suprailiac SFT during pregnancy.

Mechanisms underlying these differences in fat accre-
tion among women starting pregnancy with different
BMIs are unclear but could have to do with differences
in insulin sensitivity as women enter pregnancy. In early
pregnancy, women normally experience increased insulin
sensitivity, which facilitates greater lipogenesis and fat
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Table 4 Rate of gain in fat mass during pregnancy according to pre-pregnancy BMI and GWG categories

Early pregnancy
Trimester 2-Trimester 1 (kg/week)

Late pregnancy
Trimester 3-Trimester 2 (kg/week)

MeanzSD
Characteristic (n) P value Mean+SD (n) P value
Pre-pregnancy BMI
Underweight NA 0.01 0.19+0.16* <0.001
(49)
Normal 0.18+0.19* 0.22+0.18*
(194) (923)
Overweight 0.13+0.28* 0.23+0.22*
(59) (294)
Obese 0.03+0.29F 0.15+0.241
(100) (144)
Gestational weight gain
Below 0.06+0.26* 0.001 0.12+0.15* <0.001
(45) (217)
Met 0.11+0.26*t 0.18+0.18t
(71) (418)
Exceeded 0.20+0.23t1 0.27 £ 0.21%
(120) (628)

*1,$Values with different superscripts are different from each other within a column. Data were analysed using one-way ANOVA.
ANOVA, analysis of variance; BMI, body mass index; GWG, gestational weight gain; NA, not applicable, due to small sample size.

storage in preparation for maternal and fetal energy
demands. Those starting pregnancy with larger fat stores
and lower insulin sensitivity may experience a smaller
increment in fat stores at this particular time.* Similar
trends were observed in Argentinian women, where
participants with a normal pre-pregnancy BMI gained
significantly more at the biceps, triceps and subscapula
skinfold sites than overweight and obese women between
16 and 36weeks of pregnancy.® Interestingly, overweight
and obese women in our study had different trajectories

for SFT, while overweight and normal women had similar
rates of increase atall skinfold sites exceptat the suprailiac.
Further, our results demonstrate that irrespective of BMI
or GWG categories all women showed an increased gain
in fat mass in the second and third trimesters, gaining
significantly higher amount of fat compared with their
trimester 1 fat mass. Future studies examining changes
in metabolic and lifestyle changes during late pregnancy
can shed light on this important aspect of weight gain.
Interventions to help women make healthier choices in

Table 5 Changes in fat mass during pregnancy and early postpartum by pre-pregnancy BMI and GWG categories

Total gain Loss Retention
Trimester 3-Trimester 1 (kg)  Postpartum-Trimester 3 (kg) Postpartum-Trimester 1 (kg)
n Mean+SD Pvalue n Mean+SD Pvalue n Mean+SD P value
Pre-pregnancy*  Underweight NA 0.01 46  -2.49+2.601 0.003 NA <0.05
BMI Normal 199  4.18+2.36%1 878  -2.35+2.59t 199  2.22+2.941
Overweight 56 3.93+2.99t 268  -2.05+3.381 54  2.57+3.921
Obese 42 2.20+3.87% 135 -0.87+3.79% 48  0.79+4.53%
GWG Below 50 2.48+1.941  <0.001 44  1.02+2.42t 0.002 44  1.01x2.42% 0.028
categories’ Met 80  2.77+2.59t 71 1.50+3.42% 77 1.513.421
Exceeded 128  5.05+2.64% 120  3.07+3.35% 134  3.07+3.35%
Interactions * NS 0.55 0.74

Pre-pregnancy
BMI and GWG

*Two-way ANOVA and post hoc estimation by Tukey’s multiple comparisons test.
T,1Values with different superscripts are different from each other within a column.
ANOVA, analysis of variance; BMI, body mass index; GWG, gestational weight gain; NA, not applicable, due to small sample size

(n=6); NS, statistically not significant.
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Figure 1 Association between total body fat accumulated
and total weight gained during pregnancy (n=297 including
women from the normal, overweight and obese body mass
index categories). *Note: Underweight women have been
excluded due to small sample size (n=6).

diet and lifestyle could also mediate reducing fat accre-
tion in this period.

With respect to fat mass retention at postpartum, obese
women in this study retained less fat mass than women
from other BMI categories. The mean fat mass loss between
third trimester and postpartum was also lowest for obese
women. Differences in fat retention were not affected
by variation in breastfeeding practices among women
from the different pre-pregnancy BMI groups. Previous
studies suggest that women with higher pre-pregnancy
BMI tend to lose peripheral fat more easily than central
fat postpartum.® Our results also revealed that the over-
weight and obese women had smaller reductions in SFT
from the suprailiac and subscapula sites at postpartum
compared with normal weight women. Additionally, the
average waist circumference increased at postpartum for
overweight and normal weight women. Further, it should
be noted that in comparison with normal-weight women,
women with an overweight or obesity pre-pregnancy
BMI had higher total fat mass and SFT (at all body sites)
during pregnancy and postpartum. Thus, the combined
effects of existing higher fat mass, coupled with greater
fat mass accretion in the truncal regions and decreased
mobilisation of abdominal body fat stores, as seen more
especially in overweight women, could exacerbate the
central adiposity present prior to pregnancy. Moreover,
the physiological milieu of pregnancy, coupled with
lifestyle behaviours promoting weight gain, may predis-
pose normal-weight women to gain more fat mass® in
the truncal and abdominal regions, as observed in the
present study.

This study also illustrated that GWG was positively
associated with total fat mass accretion, irrespective of
pre-pregnancy BMI categories. Women who exceeded
GWG recommendations had greater fat mass accre-
tion during pregnancy than women who either met or
gained below GWG recommendations. Similar results
were observed in two other studies” ** where a positive
correlation was observed between GWG and change in
fat mass (r=0.87),%" (r=0.76).% Our findings of a positive
correlation between total GWG and postpartum fat reten-
tion (normal: r=0.31; overweight: r=0.31; obese: r=0.49)

support the findings from other groups who measured fat
retention at 27weeks’ postpartum (r=0.59),* suggesting
that this pattern of fat retention may remain for some
time.

Previous research has revealed that maternal biolog-
ical and sociodemographic factors such as age, parity,
ethnicity and income status contribute to the variability
in gestational weight gain® *’; however, sparse evidence
is available regarding the influence of these factors on
fat mass accretion during pregnancy. In a growing multi-
cultural population with diverse lifestyle behaviours and
increasing prevalence of chronic diseases, studying the
influences of sociodemographic factors on the variability
and composition of weight gain is important. Future
studies should examine these variables in addition to
pre-pregnancy BMI and GWG.

Strengths and limitations of this study

The strengths of this study include that it sheds light on
body fat changes in present day women from a developed
country and highlights its association with reference to
the recent GWG recommendations. In this study, anthro-
pometric measurements were used to assess fat mass accre-
tion and distribution. This technique is safe in pregnancy,
relatively inexpensive and easy to apply in longitudinal
studies, and thus provides an important estimate of body
fatness in a large group of pregnant women. Neverthe-
less, these techniques are subject to measurement errors
that must be considered but were minimised by having
data collected by trained research staff. Intraobserver
error was within acceptable limits. We used self-reported
highest weight to calculate GWG; however, a compar-
ison of this measure to the highest weight measured at
the prenatal visits extracted from chart reviews showed
no significant difference between the two measurements
for women included in our analysis (median difference
in clinical measured and self-reported weight is 0.46kg,
IQR=2.56, n=1054). This difference in weight was negli-
gible as the highest body weight measured at prenatal
clinic visit was 79.82kg.

CONCLUSION AND IMPLICATIONS

In conclusion, women with higher GWG are likely to
have higher fat mass accretion during pregnancy and
higher postpartum fat retention, irrespective of pre-preg-
nancy BMI. Furthermore, women with an overweight
pre-pregnancy BMI gained similar amounts of fat mass
as normal-weight women, which could be an important
factor in raising their risk of continued overweight or
obesity. Overweight women also lose fat at a slower rate
in the subscapula and suprailiac sites and have larger
waist circumference at postpartum, further exacerbating
the existing central adiposity. Although obese women
gained less fat mass during pregnancy, they lost smaller
amounts at postpartum than did normal or overweight
women, which may be indicative of a modified metabolic
milieu or different behavioural approaches to limit their
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pregnancy-related weight gain to achieve recommenda-
tions. Lastly, normal-weight women in our study retained
higher fat mass in the suprailiac and waist regions at post-
partum than at the beginning of their pregnancy, which
may make them susceptible to increased central adiposity.
Further examination of the effects of sociodemographic
factors and lifestyle changes, such as diet and exercise, on
body composition during pregnancy would aid in identi-
fying plausible causes for variations in fat mass accretion
and retention according to pre-pregnancy BMI.
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