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Abbreviations:

BF%

FFM

FM

GWG

IDQ-index

IOM

MET-index

body fat percentage

fat free mass

fat mass

gestational weight gain

index of diet quality

The Institute of Medicine

metabolic equivalent index for leisuneé¢ physical activity
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ABSTRACT

Background & aims: Excessive adiposity and gestational weight g&wG) have been linked
with maternal and offspring morbidity. Vifevestigated the relation of maternal diet, phylsica

activity and GWG on body composition in overweight obese pregnant women.

Methods: Fat mass (FM) and fat free mass (FFM) of 110 weeght and obese pregnant women
were measured by air displacement plethysmograpbgily and late pregnancy (mean 13 and 35
gestational weeks). At the same time poithis,quality of overall diet was assessed by vadidiat
index of diet quality (IDQ) questionnaire (scor&®/15 denotes poor dietary quality and scere
10/15 denotes good dietary quality), nutrient ietaky 3-day food diaries, aptysical activity by
guestionnaire. Weight gain between early and ledgrancy was compared to the gestational

weight gain guidelines issued by Institute of Maukc

Results: Of the women, 77% gained more weight than recona®énthis was related to greater
dietary fat consumption (80£21g/day vs. 67+11 g/qey0.010) and greater increase in FM
(2.7£3.0 kg vs. -1.0+2.4 kg, p<0.001) compared tonen with ideal GWG. Dietary protein intake
(g) correlated positively with FFM at both time pts (early pregnancy: r=0.31, p<0.002, late
pregnancy: r=0.39, p<0.001). Women with higheratietjuality had more FFM, compared to
women with lower dietary quality (early pregnandyMr 48.8+5.8kg vs. 45.8+4.7kg, p=0.004, late
pregnancy FFM: 56.1+6.4kg vs. 53.4+5.6kg, p=0.0Rl).correlations were detected between total

energy intake or physical activity and FM or FFMeatly or late pregnancy.

Conclusions: Body composition changes from early to late preggavere related to the amount of
weight gained and overall dietary quality duringgmancy. Higher dietary quality and protein
intake were associated with greater FFM, whiéaty fat intake was related to excess weight

gain. Identification of these dietary determinasitbody composition and weight offers new targets
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for dietary counselling of pregnant women and thoiential for ensuing health benefits through

reduced adiposity.
INTRODUCTION

Over the last decades, the obesity epidemic haad@nd grown worldwide. Approximately every
third woman of reproductive age in Europe and ntloa@ every other woman in the United States
is overweight or obese (BMI >25kghand>30kg ni? respectively)?. Maternal obesity is
associated with a variety of health problems botthé mother and her child during pregnancy,
delivery and in later lif&*. The mother is at risk of developing gestationiabdtes, hypertension,
pre-eclampsia or peripartal complications, andaterl life, type 2 diabetes and cardiovascular
diseasg The child is predisposed to suffering birth déseprematurity, and macrosomia, and to
the programming of obesity and a range of metalwalirditions, which may influence the health

over the long terf®

Body composition measurement by air displacemesthptmography (ADP) applies densitometric
principles of lean soft-tissues and fat to estinfiatenass (FM) and fat free mass (FFM), from
which body fat percentage (BF%) can be calculddeding the pregnancy the composition of the
weight gain includes gains in maternal FM and FlMich involve expansion of the body water
compartments to support the pregnancy, and retetgakes (placenta and amniotic fluid) and the
fetus. There is marked inter-individual variatiotFM and FFM gain, addressing the importance
of measuring body compositibh Thus, body composition gives much more precig@iimation
about the adiposity of the body than widely used BH reflects also nutritional stati¥. It is

well known that age, diet, physical activity andantic illness may affect body composition in the
non-pregnant state Although less studied, these same features sodikély to be related to body

composition during pregnancy. The knowledge ofeffiects of lifestyle on gestational body



84  composition enables the development of counselioggulures for pregnant women by health care

85  professionals. This in turn would be expected tprime the health of both mother and child.

86 The degree of adiposity and gestational weight @WG) have been linked to the pregnancy-
87 associated maternal and offspring morbifity. The Institute of Medicine (IOM) has issued

88 guidelines for GWG; these recommend less weight fyaiwomen with higher pre-pregnancy BMI
89  to minimize the risks for pregnancy-related comgdiians for both mother and chitd At the same
90 time, it is recognized that more information is theg regarding the association of lifestyle factors
91  with body composition in pregnant women, particiylam those in the upper BMI categories, as
92  this would help targeting ways of health promotopgimal GWG to those women most in need of

93  counselling.

94  The aim of this study was to investigate the changdody composition over pregnancy and the
95 extent to which diet and physical activity influenoody composition in overweight and obese
96 pregnant women. Secondly, we evaluated the difte®m maternal body composition and

97 lifestyle in relation to the GWG recommendatiorsuisd by IOM>.
98 MATERIALSAND METHODS

99  This prospective study examined 110 pregnant wdimgrg in Southwest Finland. The data were
100 collected from overweight and obese women partizigan a mother-infant dietary intervention
101 trial (ClinicalTrials.gov Identifier: NCT01922791Jhis study was conducted according to the
102  guidelines laid down in the Declaration of Helsiakid approved by the Ethics Committee of the

103  Hospital District of Southwest Finland. Writtenanined consent was obtained from all subjects.

104 Women at least 7 and maximum 17 gestational wee#$8MI >25kg m? were recruited in the
105  study. Exclusion criteria included: pre-pregnandyB:25kg m? more than 17 gestational weeks
106  at recruitment; chronic diseases impacting metalaoid gastrointestinal health such as diabetes or

5
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inflammatory bowel diseasésle recruited generally healthy women. However,aentelatively
common conditions that were not thought to interfeith body composition results were allowed.
These were asthma and allergies, mild mental dessyanigraine and medically controlled
hypothyroidism. In this analysis, we included hranological order the first 135 women who were
recruited. Study visits were conducted in early enldte pregnancy (mean 13.5 and 35.3
gestational weeks). Those women who were recrbiedlid not attend to the late pregnancy visit
were excluded (n=25). The baseline characterigigt®iot differ between the included and 25

excluded women (data not shown).

Height was measured at the first vigith a wall stadiometer to the nearest 0.1cm. Pegipancy
weight was self-reported and was found to corrdtaghly with medical record values of measured
weight at the first antenatal visit in local matgyrclinics (Pearson correlation 0.99, p<0.000001).
On both study visits, women had their body comparsiand weight measured. Women were
classified into groups of excess, ideal and inadexjgestational weight gain according to the
recommendations issued by the I&Mhe actual measured weight gain between earlyated |
gestation visits was compared to recommended mmigod maximum weight gains taking into
account the specific weeks of gestation and themetended weight gain over the follow-up
period. The IOM recommendation assumes a weight@fa.5-2kg in the first trimester for all
women andaluring the 2nd and the 3rd trimesters of pregnamesrweight women (pre-pregnancy
BMI 25.0-29.9kg m-2) are advised to gain 0.23-0@3Bkr week and obese women (pre-pregnancy
BMI>30.0kg m-2) 0.17-0.27kg per week. Enroliment of samomen in the first trimester (i.€.
13+0 gestational weeks) was taken into account lyiptying the proportion of gestational weeks
that was left from the first trimester with eiti®b kg (recommended minimum) or 2.0 kg
(recommended maximum) and by adding these firsiester weight gains respectively to

recommended minimum or maximum weight gains dugltignd 3" trimesters of pregnancy.
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Questionnaires concerning physical activity andagiequality were filled in by 107-110 of
women. Women were also asked to fill in questior@saconcerning their education, smoking

habits and obstetric medical history.
Body composition measur ements

Air displacement plethysmography and an electrsoade (the Bod Pod systesoftware version
5.4.0, COSMED, Inc., Concord, CA, USA) were usediasure body volume and weight
according to the manufacturer’s instructions. FM &FM in kilograms were calculated from
density using the formulas devised by van Raai].& which take into account the length of
gestation and the presence of marked general sg@lhen necessary. Thoracic gas volume was
measured whenever possible (n=100/110 in earhagestand n=106/110 in late gestation) and
used in the calculations of FM and FFM, otherwissdrted thoracic gas volume was used in body
composition calculations. After overnight fastewgd emptying the bladder, subjects entered the
measurement chamber wearing a tight cap and tigtgrwear. They were advised not to exercise

or to shower in the morning of measurements.
Dietary intake

Three-day food diaries (2 weekdays and 1 weekeypwiare recorded during the week preceding
the study visits. Subjects were given oral andtemiinstructions on how to fill in the food diary
and diaries were checked for completeness andamcwith the help of an illustrated portion
booklet. Mean daily intakes of energy (megajousex) macronutrients (grams and E%) were
calculated by using computerized software (Aivo2i€t2.3;Aivo, Turku, Finland)tilizing the

food composition database provided by the Finniatiddal Institute for Health and Welfare

(www.fineli.fi).



153  The quality of overall diet was assessed by vadidaidex of diet quality (IDQ) questionnaire on

154  both study visit¥. This questionnaire contains 18 questions reggrifia frequency and amount of
155  consumption of food products during the precediegkv The health promoting criteria included:

156  use of wholegrain bread4 slices/per day), saturated/unsaturated fattysgeelgetable oil-based

157  margarine on bread, fish at least twice a weekpfis®v-fat<1% dairy products, use of vegetable
158  oil-based salad dressing), dairy products (at lkkakt day), consumption of vegetables, fruits and
159  berriesg400 g/day), and use of sugar containing drinkssamekts (soft drinks max once/week,

160 sweets max once/week, fruit and berry juices mghads/day), and less than 2 skipped meals/week.
161  The quality of the diet was defined as poor whelexpoints were less than ten out of the

162  maximum 15 points and good when points veetd/15".
163  Physical activity

164  Physical activity was assessed by a questiontiaiddomen were asked to report the intensity,

165 frequency and duration of their habitual leisuradiphysical activity during the preceding week. A
166  metabolic equivalent index for leisure-time physmaivity (MET-index) was calculated from the
167  product of intensity x frequency x duration of &ty (MET h/wk) on both study visits. The

168  coefficients for the intensity of physical activityere estimated from the existing tabfes
169  Statigtical analysis

170  The normality of the data was checked visually ftmstograms. The data were summarized as
171  frequencies and percentages for categorical vasadrid as means and standard deviations for
172 normally distributed continuous variables. MET-irde were generally non-normally distributed;
173 consequently, medians and interquartile rangesep@ted. Ninety five percent confidence

174  intervals were calculated in cases where differemeere reported.
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In the comparisons, paired samples t-test was tasealculate change between early and late
pregnancy in body composition variables or dailgrgg/macronutrient intakes. Wilcoxon signed
ranks test was used to estimate if there were @saimgphysical activity (MET-index). To compare
the differences in body composition between woméh inadequate, ideal or excess weight gain,
we used one-way ANOVA with Games-Howell post-hatseWhen comparisons of energy intake,
IDQ- or MET-indices were made between subgroupiftérent GWG and BMI categories, one-
way ANOVA and independent samples t-test were @edormally distributed data and Mann
Whitney and Kruskall-Wallis tests for non-normathgtributed data (Supplementary table 2). When
the subgroups were compared, adjustment for aggestdtional weeks were not done, since these

variables did not differ significantly between tip@ups.

Possible associations between lifestyle varialhesbdy composition measures (outcome
variables) were assessed using partial Pearsomaiion test adjusting for gestational weeks and
continuous pre-pregnancy BMI. In adjustments, diestal weeks at the point of measurement of
each variable were used and when change was ex@)wed also adjusted for weeks between early
and late gestation measurements. Associations betM&T-index and body composition
(outcome variable) were assessed with Spearmarrslation test without adjustments, since no
correlation between body composition variables gegtational weeks or pre-pregnancy BMI
existed. Correlations of at least medium effect iz0.3) were reportéd. We also conducted

linear models assessing the relationship betweplaeatory life style variables (physical activity,
dietary quality and macronutrient intake) and cleaimgeither FM, FFM or BF% (outcome
variables) (Supplementary table 2). We adjustechaliiels for intervention group, gestational

weeks at enrollment, age, height, and for eacly gadtation body composition variable.

A p-value<0.05 was considered significant. Analysese conducted with IBM SPSS statistics
version 22.0 for Windows (IBM SPSS Inc. USA, Chicall., USA).
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RESULTS

All participants were white Caucasians. The clihdaracteristics of the women are presented in
table 1; 55% were overweight and 45% were obesen®iqoarticipating in the study were
generally in good health, although 29 reported igaisthma or allergies, 5 mild mental disorders,
5 migraine, 4 hypothyroidism controlled by medioatand 2 psoriasis. No significant differences

in body composition variables between women witiwvibhout asthma and allergies were found.

Table 1. Characteristics of the pregnant women.

Characteristics n=110
Primipara 49 (44.5)
Age (years) 30.2 +4.8
Pre-pregnancy BMI (kg m 2) 29.8 #4.1
Overweight 61 (55.5)
Pre-pregnancy BMI (kg m 2 27.0 £1.7
Obese 49 (44.5)
Pre-pregnancy BMI (kg m 2 33.3+3.3
Gestational age 1st visit (wk) 13.5+£2.5
Gestational age 2nd visit (wk) 35.3+1.1
College or university education* 65 (60.7)
Smoking before pregnancy* 20 (18.7)
Smoking during pregnancy 7 (6.4)

Data are expressed as numbers (percentages) ort8Ban
Overweight BMI 25-29.9 kg m-2, Obese BMI30.0 kg m-2

*data available for n=107

Weight and body composition

The weight and body composition as well as thesingje over the follow-up period are presented in
table 2. The mean weight gain was 9.1 kilogramsgeal.1-19.4kgdpver a mean of 21.7 weeks. On
average, 17% of the weight gain was FM and 83% FEbhsequently, body fat percentage (BF%)

decreased in the majority of the women (81%).
10



216

217

218

219

220

221

222

223

224

225

226

227

228

229

Table 2. Weight and body composition in 110 oveglveand obese pregnant women measured with

electronic scale and air displacement plethysmdgrap

Early gestation Late gestation

MeanxSD MeanzSD Mean change (95 % C P-value
Allwomen n=110
Weight (kg) 84.6 £13.7 93.7 £14.4 9.1 (8.4;9.8) <Q.00
Fat mass (kg) 37.2 £10.3 38.8 £10.5 1.6 (0.9; 2.2) 0&D.
Fat free mass (kg) 47.4 £5.4 54.9 +6.2 7.5 (7.2;7.9) <0.001
Fat percentage 43.4 5.9 40.8 +5.6 -2.5 (-3.0; -2.0) 0.0
Overweight women n= 61
Weight (kg) 76.6 £8.3 86.6 £10.1 9.9 (9.0:10.9) <Q.00
Fat mass (kg) 30.7 £5.7 33.1 +6.8 25(1.6;3.3) <D.00
Fat free mass (kg) 46.1 5.3 53.4 5.9 7.5(7.0;7.9 <0.001
Fat percentage 39.9 +4.9 38.0 +4.3 -1.8 (-2.5; -1.2) 0.061
Obese women n=49
Weight (kg) 94.6 £12.5 102.7 +14.1 8(.0;9.2) <0.001
Fat mass (kg) 45.4 +8.9 45.8+10.0 0.4(-0.6;1.5 0.40:2
Fat free mass (kg) 49.2 +5.1 56.8 +6.1 a1/0 : 8.3) <0.001
Fat percentage 47.7 £3.8 44.3 +4.4 23:4.1 ; -2.8) <0.001

Cl = confidence interval

Overweight BMI 25-29.9 kg m-2, Obese BMI30.0 kg m-2

a Statistical significance of difference betweenragight and obese women in the development of weigh

fat mass, fat free mass and body fat percentageOp%, p=0.002, p= 0.648 and p= 0.001, respectively

b Paired Samples T-test

Impact of dietary intake and dietary quality on body composition

Although the total energy intake did not differrsifgcantly between the early and late gestatiog, th
intake of fat increased and that of carbohydrases aroportion of energy intake (E%) decreased,
(table 3).The dietary quality measured by IDQ did not chabgeveen the visits (9.8+2.2 vs.
9.84£2.1, p=0.81) and was found to be poor in 50% 4290 of the women in early and late

pregnancy, respectively.

11



230  When the effects of diet on body composition werguated, it was found that women with poor

231 dietary quality had significantly less FFM compatedhose women consuming a good quality diet
232 (in early pregnancy 45.8+4.7kg vs. 48.8+5.8kg, p6@.and in late pregnancy 53.4+5.6kg vs.

233 56.1+6.4kg, p=0.025). With respect to the macroents, protein intake (g) was found to correlate
234  positively with FFM both in early and late gestati@=0.31, p=0.002 and r=0.39, p<0.001

235  respectively). No other correlations were detettetiveen body composition measures and intakes
236  of other macronutrients, total energy intake otadiequality (Supplementary table 1). Linear

237  models examining the association of dietary quaitgg macronutrient intake (in grams) with

238 change in body composition variables did not chahgse results (Supplementary table 2).

239

240 Table 3. Daily intakes of energy and macronutrigmesarly and late gestation.

Early gestation  Late gestation

Mean + SD Mean + SD Mean change (95% CI) P-value
Energy, MJ 8.1+£20 8.3+£22 0.2 (-0.2, 0.6) 0.395
Carbohydrates, E% 46.7 + 6.2 442 £+ 7.1 -2.5(-4.8) O 0.005
Carbohydrates, g 225.2+71.4 217.8 +73.0 -7.3 (-28.8) 0.362
Fat, E% 33.6 +6.3 36.3+£7.0 2.7 (1.1, 4.3) 0.001
Fat, g 73.9 £ 22.0 81.6 £ 25.9 7.7 (2.6, 12.9) 0.004
Protein, E% 174+ 4.4 17.1 £ 3.6 -0.3 (-1.2, 0.6) 6.49

241 Protein, g 81.5+21.8 82.0+21.7 0.5 (-4.1,5.1) a.83

242  Data obtained from 3-day food diaries filled in®¥/women in both early and late gestation

243  CIl = confidence interval, E% =Proportion of enengiake

244 = Paired Samples T-Test

245

246  Theassociation of physical activity with body composition

12
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Physical activity reduced significantly over thegnancy: the median MET-index was 5.0 h/wk
(2.0-12.0) in early gestation and 3.0 h/wk (0.20),1p<0.001at late gestation. No correlations were
detected between physical activity or the changghisical activity and body composition
measurements in either early or late gestatiora(dat shown). Linear model examining the
relation of physical activity with change in bodyneposition did not reveal significant associations

(Supplementary table 2).

Differencesin body composition and lifestyle between over weight and obese women

As shown in table 2, the obese women gained legghtvilnan overweight women (p=0.011). This
was attributable to a lower increase in their FMQ©02) whereas the gain of FFM did not differ
between the groups (p=0.648). Consequently, obesgew experienced a greater decrease in body

fat percentage (p=0.001) over the follow-up period.

There were no significant differences in the teta¢rgy intake, dietary quality or physical activity
between the overweight and obese subjects (p> nl@&b5comparisons, Supplementary table 3).
When intakes of macronutrients were compared, trdydaily fat intake increased more between
early and late gestation in obese than in overvieigimen (mean 14.5+27.3g vs. 3.9+25.3¢,

p=0.048).

There was no significant difference between ovegimeand obese women in the distribution into
the inadequate, ideal or excess GWG class (p=0.20@)overweight women with excess weight
gain acquired significantly more FM than obese woméh excess weight gain (p=0.048), but
there was no difference in the FFM gain (p=0.3€2)nsequently, in the women with excess weight
gain, BF% decreased less in overweight women thaémeir obese counterparts (p=0.006).

Adherence to the weight gain recommendations
13
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Most of the women, 77%, exceeded the recommendaghtvgain whilst 11% had an inadequate
weight gain (table 4). Only women with excess GWABgd FM and the change in FM was
significantly different between women with excensd &eal weight gain. Although women with
excess GWG also gained more FFM, BF% decreaseificagly lessthan in women with ideal
GWG. The average daily fat intake, calculated asean fat intake in early and late gestation, was
significantly higher in women with excess than ideaight gain (80+21g vs. 67+11g, p<0.010),

while no significant differences in the intakesotiier macronutrients were found (data not shown).

Compared with women with the ideal weight gain,Wenen with inadequate weight gain lost
significantly more FM, whilst no difference in tchange of FFM was found (Table 4). When
intakes of macronutrients were compared, only a&lantake in the average gestational
carbohydrate intake as a percentage of energyarfeilk9+4.3 E% vs. 47.3+4.4 E% respectively,

p=0.018)was detected in women with inadequate comparedideil weight gain.

The energy intake, dietary quality or physicalattidid not differ between the women with ideal,

inadequate and excess weight gai(p92 in all comparisons, Supplementary table 3).

14
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Table 4. The change of weight and body compositimverweight and obese women with inadequate] mleaxcess GWG.

Adherence to GW!( Aweight AFM AFFM ABF%
recommendations; N (%) Mean (kgitSD Mean (kg)tSD  P-value* Mean (kgkSD  P-value* Mean (%) £SI  P-valué

Allwomen n=110

Inadequate 12 (10.9) 2.79 £0.89 -3.44 £1.92 0.042 £2283 0.996 -5.45 +1.86 0.100

Ideal 13 (11.8) 4.95 +1.27 -1.21 +£2.38 6.16 +1.86 -3720a9

Excess 85 (77.3) 10.64 £2.90 2.70 £2.97 0.000L 7.92+1.9 0.015 -1.94 +2.39 0.041

Overweight n=61

Inadequate 5/61 (8.2) 2.73+1.11 -2.97 £1.25 0.061 0 51711 0.987 -5.40 £1.07 0.175

Ideal 5/61 (8.2) 6.27 +0.74 0.42 £2.30 5.85 +1.89 -22B1

Excess 51/61 (83.6) 11.01 +3.04 3.22 £2.87 0.106 7.785+1 0.169 -1.37 £2.40 0.551

Obese n=49

Inadequate 7149 (14.3) 2.83 +0.79 -3.78 £2.32 0.372 61 62.51 0.974 -5.49 +2.3€ 0.549

Ideal 8/49 (16.3) 4.12 +0.67 -2.23 +1.91 6.35 +1.95 14:B8.78

Excess 34/49 (69.4) 10.08 +2.64 1.92 £2.99 0.0004 166+ 0.094 -2.80 £2.13 0.135

@ Inadequate and excess weight gains are compareezaioweight gain (one-way ANOVA with Games-Howgdist-hoc tests)

Women were divided into different GWG classes adiogy to the recommendations issued by Institutéledicine”

15
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DISCUSSION

We demonstrated here that the good overall diefaajity and protein intake in grams were
positively associated with FFM early and late pregnancy. Most overweight anelse women
exceeded gestational weekly weight gain recommendatwhich led to an increase in body FM
and was also reflected in BF%. The most importaatnonutrient determinant of excess GWG was
fat intake. These results suggest that health edling of overweight and obese pregnant women
should focus on optimizing their weight gain by noying the overall quality of diet and favoring a
proportional increment of protein intake insteacgiofimenting fat intake during gestation. The
subsequent benefits may be seen in maternal badgasition and further in improved maternal

and child health.

Our results indicate, that among the overweight@mese pregnant women, the majority of weight
gain is FFM and only women exceeding the recomntentaof GWG gain overall FM, which is

in line with a previous report with a similar segi*. Other studies also confirm the association of
excess GWG with the FM accré@af® However, in our study, recommendations of GW@ reg¢re
exceeded even more frequently than previously teddor total GWG among overweight and
obese women (77% vs. 41-4585F% Some observational studfe&® have suggested that a higher
energy intake is associated with higher GWG, hudiss are inconsistetit According to our

results, the increment in adiposity was not ex@dihy the energy intake or physical activity per se
Even after adjustments for possible confoundintpfaan the linear model, no significant
associations between gain of FM and several ljfie stariables were found. In previous

é,5,24,28

report as well as in the present study, it has been leg¢hat both GWG and increase in FM

are inversely proportional to pre-pregnancy BMI.

All things considered, energy intake and physictivdy do not seem to account wholly for

gestational FM accrual or differences in FM gaitween women with excess and ideal GWG or
16
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335

overweight and obese women. Several mechanismshiegveproposed to explain these
phenomena. Firstly, despite the lack of correlatiath maternal body composition, physical
activity was strongly reduced during pregnancyremerted also by otheérs™ In the third
trimester, the reduction in physical activity cacaunt for nearly half of the estimated additional
energy needs of pregnancy, at least in normal weigmeri*. Secondly, differences in
macronutrient intakes or in the hormonal milieuldaexert some influené@ In our study, women
increased their fat intake, and those with excas&3Gvere found to have significantly higher
average fat consumption than women experiencindeal GWG. Reports in the literature are
inconsistent regarding the relation of fat intakd &WG”’, but some studies suggest that there is
an association, at least among overweight wénién Thirdly, presumably heavier women need
more energy to support their increased metabate. gidditionally, it has been suggested that
cumulative increases in basal metabolic rate grafgiantly correlated with pre-pregnancy FM,
indicating that fatter women display the energyfimyate response. This indicates that the obese
women waste energy in pregnancy by increasing basial metabolic rate, resulting in less FM
gain than non-obese wontéi® This could explain our finding with less FM acafin obese
compared to overweight women despite their siniflestyles. Finally, it has been postulated that
pregnancy alters homeostatic mechanisms, allovang fmore efficient storage of fat. The
proposed mechanism is pregnancy-induced alteraitiogist microbiota allowing for highly
efficient energy extraction from the diet withouajor changes in energy intake or energy
expenditurd”>% All in all, it is apparent that there are sevaminplex mechanisms behind GWG
and FM accrual and these mechanisms are probapgndent on pre-gestational fat stavsesome

other unknown factors.

Based on the gestational dietary reference intsise®d by the I0Kf, it is evident that fat intake

increased above the recommendations during thg.sdddhe same time, protein intake remained
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constant and at a sufficient, but not a particylargh, level. During pregnancy, the average protei
requirement increases to provide additional ammdsafor protein synthesis in maternal, fetal, and
placental tissues. Protein intake correlated wiiMMoth in early and late gestation, which is
logical since FFM consists mainly of water and girdt*2 Favoring protein intake over
augmenting fat consumption could be beneficiakriucing body adiposity also during pregnancy,
since FFM is the main determinant of basal metalralie, which in turn, is an essential component
of total energy expendituf&* Protein intake has been suggested to decrease &\Vd@esult of
higher energy expenditure because the thermogeofgsistein is larger than that of carbohydrate
or faf®*". Furthermore, a higher protein intake might afsrréase satiety and appears to be safe
during pregnancy*°. These adjustments to the diet are already pessiithin current nutritional

recommendatiort and thus may be implemented by counseling thgraret women.

The strength of this study was that this was ag®oisve study in a well-controlled setting with a
large sample size compared to most earlier stue@dving air displacement plethysmography
measurements during pregnahty’° As is the case with other techniques, body coitipas
measurements with air displacement plethysmogrdphyot distinguish fetal from maternal
tissues. This can affect the results, since fetalth is heterogenous particularly in late pregryanc
and, also the amount of amniotic fluid and sizéhefplacenta varies. Nevertheless, ADP has been
found a valid method to measure adiposity in ovégtteand obese non-pregnant wortteand it

has also been suggested to be the preferred miethassessing maternal FM in late pregndncy

There was minimal previous knowledge regardingetifects of lifestyle on gestational body
composition of women in different BMI categoriehiefefore, new information applicable for use

in interpreting gestational body composition wasegated in this study. However, we acknowledge
that there are some limitations. The time of emmeltt to the study varied somewhat (between 7

and 17 gestational weeks) and although we adjadtedrrelations to gestational weeks, some
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comparisons could have been affected by this. Smmeern has also been raised about the
reliability of self-reported food diaries and queshaires regarding lifestyle However, the
longitudinal design of the study with the same gtpersonnel and the carefully collected data
should increase the reliability. In this study, arelyzed GWG rate instead of the whole gestational
weight gain and although this is an accurate me#imatin accordance to the IOM guidelines, this
can influence the comparisons with the other studanducted in different methods. Also, diet and
physical activity were evaluated only twice durthg pregnancy and thi®uld be a study

limitation; more frequent exploration could imprawe accuracy in evaluating the associations

with the body composition, although, the compliaimceecordings could also be hampered.

Finally, although the participants in this studgkgart in an intervention study, the impact of the
intervention was not the focus in this sub-studyergfore, to avoid bias caused by intervention, we
adjusted appropriate analyses for intervention grddomen in all intervention groups consumed
dietary supplements or placebo thus it is unlikkbt this has induced any changes in behavior,

although it must be acknowledged as a potentialysimitation.

In conclusion, dietary intake seems to influencéybcomposition in pregnant women: we found
that both higher protein intake and dietary qualigre positively associated with FFM. Excess
GWG and the related increase in FM were found istrogerweight and obese women. Thus, we
would like to emphasize that overall good dietangldqy and GWG according to the
recommendations could exert positive effects orylmmmposition, and again may induce health

benefits in both mother and child.
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Supplementary table 1. The adjusted correlatioffficants* between energy intake, macronutrientd bady composition variables.

Early gestation
Energy (kJ)
Fat (9)

Protein (g)
Carbohydrates (g}
L ate gestation
Energy (kJ)
Fat (9)

Protein (g)
Carbohydrates (g}
Change
Energy (kJ)
Fat ()
Protein (g)
Carbohydrates (g)

Early gestatio

Late gestatic

FM (kg) FFM (kg) BF% FM (kg) FFM (kg) BF%
P p P p P p P p P P P P
0.029 0.775 0.242 0.015 -0.103 0.304 0.004 10.99.243 0.015 -0.099 0.32p
0.106 0.28¢ 0.157 0.118 0.030 0.166 0.109 0.280 90.18.168 0.075 0.454
-0.082 0.414 0.308 0.002 -0.307 0.00p-0.085 0.398 0.292 0.003 -0.287 0.0p4
0.010 0.922 0.197 0.048 -0.089 0[3780330. 0.747 0.218 0.029 -0.118 0.241
0.114 0.256 0.241 0.01%5 0.0C1 0.9¢2
0.112 0.223 0.207 0.033 0.032 0.763
0.004 0.966 0.393 <0.0001-0.186 0.062
0.105 0.296 0.128 0.200 0.043 0.6f1
0.174 0.092 -0.037 0.721L 0.164 0.1)3
0.084 0.415 0.01€ 0.873 0.052 0.6}7
0.151 0.142 0.053 0.606 0.129 0.1}6
0.195 0.057 -0.102 0.322 0.2C5 0.0§5

Changt

FM (kg) FFM (kg; BF%

& p & p P p

-0.036 0.724 0.095 0.349 -0.00927q.
0.049 0.627 0.018 0.&857 0.070 O
-0.044 0.667 0.056 820.50.001 0.994
-0.075 0.458 0.130 0.19806% 0.544
0.094 0.353 0.136 0.179660 0.513
0.068 0.501 0.072 0.478640 0.528
-0.001 0.991 0.1¢7 0.050 -0.031 O.
0.116 0.249 0.112 0.269820 0.418
0.157 0.126 0.043 0.66®95 0.359
0.061 0.556 0.068 0.509120 0.908
0.072 0.486 0.141 0.1P0O0S 0.932
0.209 0.040 0.010 0.92450 0.142

487

56

*Pearson's partial correlation coefficients adjddte prepregnancy BMI and gestational weeks ancliange in gestational weeks between early and late

gestation.

Early and late gestation visits were conductededmi3.5 and 35.3 gestational weeks respectively.

FM= fat mass, FM= fat free mass, BF%= body fat petage
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Supplementary table 2. Linear models presentingtieets of physical activity, diet quality and mautrient intake on change of body composition

variables.

A separate linear model analysis has been perfofanezhch body composition variable.

The models are adjusted for intervention group, bgight, gestational weeks at enroliment and bady composition variable in early gestation.

AFM= change in fat mass

AFFM= change in fat free mass

ABF%= change in body fat percentage

Cl= confidence interval

29

AFM AFFM ABF%

B 95% CI p B 95% CI p B 95% CI p
Physical activity (MET-index| -0.013 -0.082;0.056 0.7¢ 0.014 -0.027;0.055 0.49| -0.019 -0.066;0.029 0.44
Diet quality (IDQ-index) -0.309 -0.662;0.043 0.1  -0101-0.224;0.195 0.89| -0.184 -0.428;0.060 0.14
Protein intake (g) 0.002 -0.035,0.039 0.9p  -0.005 -Q@PI7 0.64 | -0.002 -0.028;0.024 0.84
Carbohydrate intake (g) -0.008 -0.020;0.004 0.19 0.008.004;0.014 0.08 | -0.006 -0.014;0.002 0.1p
Fat intake (q) 0.023 -0.014;0.061 0.2 -0.011 -0.0331.0 0.31 0.019 -0.006;0.045 0.14



552  Supplementary table 3otal energy intake, diet quality and physicaldttiof women with inadequate, ideal or excessagemtal weight gain and women

553  with BMI classified as overweight or obese.

Gestational weight gain BMI classification
Inadequate Ideal Excess overweight obese
Energy intake (kJ) n=11 n=12 n=76 p? n=57 n=42 pP
-early gestation 7780 + 1530 7460 £2160 8280 + 20803471 8070 + 1840 8210 + 2220 0.7127
-late gestation 7340 £+1760 7560 + 1600 8570 + 2250092) 8010 + 1800 8730 + 2560 0.125
-change -440 + 1430 100 + 2750 290 + 2140 0]575 -60@02 510+ 2330 0.194
Diet quality (IDQ) n=11 n=13 n=83 P n=59 n=48 p
-early gestation 10.2+1.6 9.2+1.6 9.8+2.2 0486 9020 9.6 2.1 0.508
-late gestation 10.2+1.4 9.4 £2.3 9.8+2.3 049 002 9.7+22 0.514
-change -0.0+1.5 0.2+1.9 00+1.3 0933 0.0+x14 0#1.5 0.966¢
Physical activity (MET-index) n=10 n=13 n=84 pe n=60 n=47 pd
-early gestation 7.8 (4.4-16.3) 4.8 (2.1-12.0) 4.9{12.0) 0.61% 6.3 (3.0-12.0) 4.8 (1.2-12.0) 0.p83
-late gestation 4.5 (0.0-12.0) 4.8 (0.1-12.0) 3.@{(b5) 0.93¢ 3.0(0.1-7.5) 1.3(0.2-12.0) 0.y71
554 [-change 4.7 (-14.8-3.C 0.0 (-3.7-0.0) -1.5(-5.0-0.0) 0.6p2 -1.8 (-4.7-0-0)3 (-7.5-0.0) 0.70pD

555  Numbers are expressed as mean + sd or mediam(iatéife range)

556  *One-Way ANOVA ‘Independent Samples T-tetruskal-Wallisd Mann Whitney

557 Early and late gestation visits were conductededmi3.5 and 35.3 gestational weeks respectively.
558  Overweight BMI 25-29.9 kg m-2, Obese BMI30.0 kg m-2

559 IDQ=index of diet quality

560 Women were divided into different GWG classes adiogy to the recommendations issued by Instituteledicine
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