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Abstract

Purpose This study aimed at evaluating the effectiveness of a nutritional counselling intervention based on encouraging
the consumption of unprocessed and minimally processed foods, rather than ultra-processed products, and the practice of
physical activities to prevent excessive gestational weight gain in overweight pregnant women.

Methods This was a two-armed, parallel, randomized controlled trial conducted in primary health units of a Brazilian
municipality from 2018 to 2021. Overweight, adult pregnant women (7 =350) were randomly assigned to control (CG)
or intervention groups (IG). The intervention consisted of three individualized nutritional counselling sessions based on
encouraging the consumption of unprocessed and minimally processed foods rather than ultra-processed products, follow-
ing the NOVA food classification system, and the practice of physical activities. The primary outcome was the proportion
of women whose weekly gestational weight gain (GWG) exceeded the Institute of Medicine guidelines. Adjusted logistic
regression models were employed.

Results Complete data on weight gain were available for 121 women of the IG and 139 of the CG. In modified intention-
to-treat analysis, there was a lower chance of the IG women having excessive GWG [OR 0.56 (95% CI 0.32, 0.98), p=.04],
when compared to the CG. No between-group differences were observed for the other maternal outcomes investigated.
Conclusion The present study was unprecedented in demonstrating that nutritional counselling based on the NOVA food
classification system, together with encouraging the practice of physical activity, is effective in preventing excessive weight
gain in overweight pregnant women.

Trial registration Registered on July 30th 2018 at Brazilian Registry of Clinical Trials (RBR-2w9bhc).

Keywords Food processing - NOVA - Randomized controlled trial - Nutritional counselling - Overweight - Gestational
weight gain
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Introduction

The high prevalence of excess body weight in women of
reproductive age is an alarming public health problem and
may impact the health of the following two generations [1,
2]. Excessive gestational weight gain exposes the woman
and the child to a higher risk of harmful health outcomes
in the short and long term [3-6]. Therefore, sustainable
and effective life-cycle interventions are of utmost rel-
evance [1].

In a meta-analysis of 68 randomized controlled trials of
nutritional interventions to prevent excessive gestational
weight gain (GWG), a lower risk of excessive GWG in
women of the intervention groups (IG) was found [RR
0.83 (95% CI1 0.77, 0.89)]. However, limited efficacy was
observed among those that are overweight before preg-
nancy [RR 0.91 (95% CI1 0.78, 1.01)] [7]. The authors con-
cluded that the effects on adequate weight gain are more
pronounced for high intensity interventions [7], which
might not be feasible to implement in developing coun-
tries, given the limited resources available, especially in
public health systems. The number of studies conducted
in less developed countries is considered insufficient, and
the effect of lifestyle interventions adapted to the usual
conditions of public health systems in these countries is
unknown [7, 8].

In addition to the limited efficacy of lifestyle interven-
tions conducted among overweight pregnant women [7],
observational studies highlight the higher risk of exces-
sive GWG among this specific group of women [9-11]. In
Brazil, it is estimated that 33% of adult women are over-
weight [12]. Accordingly, intervention studies explicitly
conducted for this group of women are needed.

Evidence suggests that the degree of industrial food
processing plays a relevant role in the relationship between
dietary intake and health outcomes [13-16]. Dietary pat-
terns based on the substitution of meals made with unpro-
cessed or minimally processed foods for the consumption
of ultra-processed items can be partly blamed for the expo-
nential global growth in the incidence of obesity [13—16].

Unprocessed foods, according to the NOVA (which is not
an acronym) food classification system, are foods that have
not been industrially processed, such as fresh fruits, beans,
and fresh meats. Coffee, natural fruit juices, and pasteurized
whole milk are examples of minimally processed foods that
have been industrially processed but have not had any com-
pounds added or ingredients removed. Soft drinks, sugar-
sweetened beverages, crackers, biscuits, instant noodles and
flavoured yogurts are examples of ultra-processed items cre-
ated by the food industry containing additives [13, 14].

Observational studies suggest that a higher consumption
of ultra-processed products during pregnancy is directly
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related to obesity [17], higher gestational weight gain
[18-20], postpartum weight retention [20], and greater
neonatal adiposity [18]. In addition to the implications
for human health, the high consumption of ultra-processed
products has a detrimental impact on the environment [ 14,
21], and distorts countries’ food cultures, which were orig-
inally based on freshly prepared dishes and meals using
unprocessed and minimally processed foods [14]. How-
ever, no previous clinical trials investigating the effect of
this strategy on GWG were found.

Evidence also suggests that the regular practice of
physical activity might reduce maternal GWG. Data from
a meta-analysis of 23 randomized controlled trials showed
that physical activity interventions in pregnant women are
effective in reducing the risk of excessive GWG, especially
for those that exercise three times a week for 30—45 min
[22].

The present study aimed to evaluate the effectiveness of
a nutritional intervention based on encouraging the con-
sumption of unprocessed and minimally processed foods
rather than ultra-processed products, following the NOVA
food classification system, together with the practice of
physical activities, in preventing excessive weight gain in
overweight, adult pregnant women receiving prenatal care
in primary healthcare units of the public health system of
a Brazilian city. The primary outcome was the proportion
of women whose weekly GWG exceeded the Institute of
Medicine (IoM) guidelines [23]. Additionally, the effect
of the intervention on other maternal outcomes [gesta-
tional hypertension, gestational diabetes mellitus (GDM),
preeclampsia, premature birth, and type of delivery] was
also investigated.

Materials and methods
Study setting

This was a two-armed parallel randomized controlled trial
conducted among overweight, pregnant women receiving
prenatal care in seven primary health units of Ribeirdo Preto,
Sao Paulo state, Brazil, described in detail in the publication
of Sartorelli et al. [24].

The potentially eligible women were interviewed by
trained nutritionists at the time of the prenatal consultation.
Women aged > 18 years, with pre-gestational body mass
index (BMI) between 25.0 and 29.9 kg/m? and gestational
age up to 15 weeks and 6 days were included. Those who
reported previous diabetes or the current use of weight loss
medications were excluded. The participants agreed to par-
ticipate in the study by signing the consent form and were
randomly allocated into the IG or control group (CG).
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Interventions

The women allocated into the IG, in addition to the usual
prenatal care, were invited to participate in three indi-
vidualized nutritional counselling sessions conducted
by trained nutritionists. The counselling sessions were
planned to be all through face-to-face interviews. However,
as a result of the social isolation imposed by the COVID-
19 pandemic, face-to-face interviews were suspended
between March and October 2020. The women who had
already been included in the study at this time received
nutritional counselling through video conversations.

Each session lasted approximately 30 min. In the first
meeting of the intervention, the pregnant women were
informed about the goals of the nutritional strategy (appro-
priate weight gain, daily consumption of unprocessed and
minimally processed foods, including fruits and vegeta-
bles, and regular practice of 150 min of physical activities
per week, avoiding the intake of ultra-processed products),
adopting the recommendations of the Institute of Medicine
[23], Food Guide for the Brazilian Population [25], and
American College of Obstetricians and Gynecologists [26]
as the theoretical reference.

Educational material, consisting of three folders, one
for each meeting, with key messages and illustrative
images related to the goals set, was used for the nutri-
tional intervention strategy. All topics of the intervention
were addressed in the three meetings, although different
approaches were employed, appropriate for the gestational
evolution. The folders were developed by the nutritionists
of the research team and contained six key messages and
photos. For the semantic validation of the material, focus
groups were conducted with pregnant women and nutri-
tionists with professional experience in nutritional coun-
selling [27]. The folders are presented in supplementary
material (in Portuguese).

The original study protocol [24] predicted that nutritional
counselling sessions would take place at predetermined
gestation periods: with the first meeting being conducted
up to the 19th gestational week (GW), the second meet-
ing between the 20th and 26th GW, and the third meeting
between the 27th and 33rd GW. However, due to the high
rate of absenteeism observed in the prenatal consultations
of the women included in the study, it was decided to make
the intervention period more flexible, maintaining the three
sessions between the first and second study evaluations.

The women allocated into the CG received only the usual
prenatal care. The routine prenatal care in the city includes
only one nutritional counselling section with a nurse in the
health care unit, which consists of the evaluation of the
nutritional status, orientations about healthy weight gain,
detection of possible dietary inadequacies, and clarification
of misconceptions. After the birth, the participants of both

groups received standardized nutritional counselling to assist
them in recovering their pre-gestational weight.

Outcomes

The primary outcome was the proportion of women whose
weekly GWG exceeded IoM guidelines [23]. Secondary
outcomes included total and mean weekly GWG, and the
maternal outcomes: gestational hypertension, GDM, preec-
lampsia, premature birth, and mode of delivery.

Weight measurements were performed by trained nutri-
tionists during the first and second study evaluations using
a portable digital scale (Tanita®, model HS 302). Second-
ary data regarding weight at each prenatal consultation
were obtained through medical records. In a sample of
261 women with weight measurements performed by the
research team and by the heath care unit on the same day,
the Spearman correlation coefficient was of 0.99, p <0.001
(data not shown).

For the study inclusion criteria of being overweight in
the pre-pregnancy period, the measurements made up to the
13t gestational week (GW) were considered to represent the
pre-gestational weight. For the women included in the study
in the 14th GW, a value of 0.45 kg was subtracted from the
measured weight and for the women in the 15th GW a value
of 0.91 kg was subtracted from their measured weight to
estimate the pre-gestational BMI, similar to previous trials
[28].

The weight measured in the second study evaluation,
preferably between the 34th and 36th GW, and the first
weight measured during the pregnancy were considered
for the calculation of total GWG. The first weight measure-
ment during the second trimester of pregnancy (> 12 GW)
and the second between the 34th and 36th GW, divided by
the number of weeks between the evaluations was used to
estimate the rate of weight gain. If a weight measurement
between the 34th and 36th GW was not available, the last
weight measurement at the prenatal consultation prior to 36
GW was used.

Secondary data regarding blood pressure at each prenatal
consultation were obtained through medical records. Women
who self-reported previous hypertension, using antihyper-
tensive medication or had blood pressure values greater than
140/90 mmHg at the first prenatal consultation were con-
sidered as having pre-gestational hypertension. Those who
presented changes in blood pressure to above 140/90 mmHg
or the use of hypertensive drugs in the following consulta-
tions were classified as having gestational hypertension [29].

Data on glucose levels at the oral glucose tolerance test,
duration of the pregnancy, medical diagnosis of preec-
lampsia, and type of delivery were obtained through medi-
cal records. The World Health Organization criteria was
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adopted for the diagnosis of GDM [30], and births at less
than 37 weeks of gestation were classified as preterm.

To evaluate compliance with the counselling recommen-
dations, the women responded to a questionnaire on the fre-
quency of the weekly consumption of foods of interest in
the first and second evaluations of the study. The instrument
used was adapted from the Surveillance System for Risk and
Protective Factors for Chronic Diseases by Telephone Sur-
vey (VIGITEL) [31], previously validated for the Brazilian
adult population [32].

The practice of walking for leisure, and physical exercise
were assessed in the first and second study evaluations using
a questionnaire that included information on performance
and duration in the week prior to the interview, according
to the questionnaire adapted from the VIGITEL, which was
validated for the Brazilian adult population. [31, 33].

Covariates

Data on age, educational level of the women and head of the
family, possession of items, employment at the moment of
randomization, self-reported skin colour, marital status, use
of medications and dietary supplements, obstetric history,
self-reported hypertension, smoking habits, and other life-
style data were obtained through structured questionnaires
applied in the first and second evaluations. For the socioeco-
nomic classification, the Brazilian Economic Classification
Criteria were used, based on the possession of items and
educational level of the head of the family, which catego-
rize the socioeconomic status from class A (highest level)
to class E (lowest level) [34].

Sample size

The sample size calculation was based on the primary out-
come of the study, the proportion of women whose weekly
GWG exceeded IoM guidelines. A 20% difference in the
proportion of excessive weight gain between the treatment
groups was expected [35]. A minimum significance level of
5% (a=0.05), a power of 90% (f=0.10) and a 40% loss in
the follow-up were considered, indicating that a sample of
350 women would be sufficient.

Allocation

Randomization was performed using the Research Elec-
tronic Data Capture (REDCap) software [36, 37], with a
spreadsheet of randomly generated numbers. Stratification
between the groups was performed considering the prenatal
care Health Unit. Given the nature of the intervention, both
the study participants and the researchers were aware of the
group allocation.
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Data collection and management methods

The pregnant women of both groups underwent two evalu-
ations in the health units during the pregnancy. The first
assessment (baseline) was conducted prior to the 16 GW
and the second preferably between the 34" and 36" GW.

Study data were collected and managed using the RED-
Cap program [36, 37]. To ensure the quality of the data col-
lected, the research group consisted of trained nutritionists.
A guidance manual was prepared for use as a protocol for
all study procedures. All data collected were verified by a
researcher other than the one that entered the data into the
system.

Statistical analyses

The analyses of this study followed the intention-to-treat
principles (including all the randomized women), and modi-
fied intention-to-treat principles (in which the women of the
IG who did not attend any of the nutritional counselling sec-
tions were excluded). The differences between groups were
verified using Student’s t-test for independent variables,
Mann-Whitney U test, or X%, as appropriate. The effect of
the intervention on maternal outcomes was assessed using
logistic regression models adjusted by maternal age (years),
smoking (yes/no), parity (number of children), employment
at the moment of randomization (yes/no), and antenatal care
health unit. The same adjustment variables were considered
in the linear regression models used to explore the effect
of the intervention on total weight gain and on the rate of
weight gain. To analyze total weight gain from baseline to
34-36 GW, only women who had their body weight evalu-
ated after the 33" GW were considered. For weight gain
outcomes, the models were further adjusted for GW of the
last evaluation of body weight in pregnancy.

The adjustment for the pregnant woman's employment
status was used as a proxy for socioeconomic status since it
is considered more sensitive than possession of items, and
indicates the woman's economic autonomy. The pre-preg-
nancy BMI was not considered a confounder in the models
because the sample was solely composed of overweight,
pregnant women. The analyses were conducted using the
SPSS® software (version 24), and p values < 0.05 were con-
sidered significant.

Results

Of the 350 pregnant women randomized, a total of 335
(166 of the CG, and 169 of the IG) completed the baseline
evaluation. The median (P25, P75) age of the women was
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Table 1 Baseline characteristics

Characteristics
of the pregnant women

Intervention (n=169) Control (n=166) p?

according to treatment group

Maternal age, years

Gestational age at randomization, weeks

BMI at baseline, kg/m2
Time sleeping per day, hours

Married/living with partner
Self-reported skin colour’
White
Black
Mulatto
Schooling, years
<8
9-11
>12
Socioeconomic status®
A+B
C
D+E
Employed at randomization
Nulliparous
Use of dietary supplements
Smoking status
Never smoked
Current smoker

Ex-smoker

Reported intake of alcohol over the last 30 days

Pre-pregnancy hypertension®

Median (P25, P75)

27 (23, 31) 27 (22, 32) .39
119, 13) 119, 12) 86
27.2 (26.2, 28.3) 26.9 (25.9, 28.4) .30
9 (7, 10) 9(8,11) .40
n (%)
132 (78.1) 120 (72.3) 2
91
50 (30.3) 53 (32.3)
24 (14.6) 26 (15.8)
87 (53.0) 89 (53.9)
.61
36 (21.3) 40 (24.1)
108 (63.9) 107 (64.5)
25 (14.8) 19 (11.4)
.39
32(21.2) 31 (21.1)
98 (64.9) 87 (59.2)
21 (13.9) 29 (19.7)
109 (64.5) 90 (54.2) .06
130 (76.9) 126 (75.9) .83
152 (89.9) 148 (89.2) 81
.56
50 (71.4) 57 (71.3)
4(5.7) 8 (10.0)
16 (22.9) 15 (18.8)
31 (18.3) 34 (20.5) 62
7(4.2) 5.0 .56

4 According to Student’s #-test for independent samples or Chi-square test for difference between groups

bSelf-reported skin colour is used as proxy for ethnicity in Brazil. Only 5 women reported being yellow,
and one refused to respond, with these not included in the analysis. No women reported being indigenous

“Based on the Brazilian Economic Classification Criteria, which categorize the socioeconomic status from
class A (highest level) to class E (lowest level) [34]. Data available for 151 women of the intervention and
147 of control group, as 37 did not know the level of education of the head of the family

4Data available for 167 women of the intervention and 166 of control group

27 (23, 32) years, and the median pre-pregnancy BMI was
27 (26, 28) kg/m>. At baseline, there were no differences
in maternal characteristics between the groups (Table 1).

In the modified intention-to-treat analysis, complete
data on at least one maternal outcome was available for
124 women in the IG and 143 women in the CG. Data on
the rate of GWG per week was available for 121 women
in the IG and 139 women in the CG. In both treatment
groups, 70% of the women performed their last weight
assessment between the 34th and 36th GW, while 30%
performed their last weight measurement between the
18th and 33rd GW. Data to estimate total weight gain from
baseline to 34-36 GW were available for 98 women in the
IG and 112 women in the CG. The flow chart of the study
is presented in Fig. 1.

Among the IG women with complete data for at least one
maternal outcome (n=124), eight attended one nutritional
counselling section, 20 two sections, and 96 three sections.

In the modified intention-to-treat analysis, the IG pre-
sented a lower mean total and weekly GWG compared to
the CG; however, neither was statistically significant. In
the adjusted logistic regression models, a lower chance of
women with excessive GWG was found in the IG compared
with the CG. No between-group differences were observed
for adequate GWG, insufficient GWG, gestational hyper-
tension, GDM, preeclampsia, preterm birth, or caesarean
section (Table 2).

At baseline, no differences between groups were found
for the frequency of intake of minimally processed foods,
vegetables, fruits, ultra-processed food products, and sugar
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[ Recruitment ]

Evaluated for eligibility (»=492)

Excluded (n=96)
® GA> 16 weeks (n=13)

BMI < 25.0 kg/m? (n=46)
BMI > 30.0 kg/m? (n=31)
Previous diabetes (n=4)
Twin pregnancy (n=2)

\4

Refused to participate (n=46)

Randomized (n=350)

Allocation ]

Intervention group (n=174)

Initial losses (#=5)

®  Aborted (n=2)

® [ ostcontact (n=2)

®  Withdrew from the study (n=1)

Control group (n=176)

Initial losses (n=10)

® Lost contact (n=2)

e  Withdrew from the study (n=7)

® Change of prenatal care location

=D |

Evaluated at baseline (»=169)

>

First evaluation v

Follow-up losses (n=45)

® Aborted (n=15)

e  Withdrew from the study (n=15)

® Incomplete data for all the maternal
outcomes (n=4)

® Never attended the nutritional counseling
sections (n=1 1)‘

~ Evaluated at baseline (#»=166)

Follow-up losses (n=23)

® Aborted (n=11)

e  Withdrew from the study = (n=7)

® Incomplete data for all the maternal
outcomes (n=5)

v [
{

Second evaluation

Complete data on at least one of the
maternal outcomes (n=124)

Fig. 1 Study flowchart.GA: gestational age, BMI: body mass index

sweetened beverages. At the second evaluation, a higher
proportion of women in the IG reported the daily intake
of minimally processed foods and vegetables at lunch time
when compared to the CG; however, this was not statisti-
cally significant. No between-group difference was found
for the practice of physical activity either at baseline or at
the second evaluation (Table 3).

Following the intention-to-treat principles (GI n =135,
GC n=143), no effect of the intervention was found for the
rate of GWG per week [p — 0.04 (95% CI - 0.09, 0.01),
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Complete data on at least one of the
maternal outcomes (n=143)

p=0.15], GWG from baseline to 34-36 weeks [p — 1.11
(95% CI - 2.33, 0.10), p=0.07], excessive GWG [OR 0.59
(95% CI 0.34, 1.03), p=0.06], adequate GWG [OR 1.36
(95% C10.73, 2.54), p=0.34], insufficient GWG [OR 1.82
(95% C10.80, 4.10), p=0.15], gestational hypertension [OR
0.59 (95% CI1 0.32, 1.09), p=0.09], GDM [OR 1.21 (95%
CI 0.55, 2.66), p=0.63], premature birth [OR 1.45 (95% CI
0.52,4.07), p=0.48], caesarean delivery [OR 1.29 (95% CI
0.78, 2.12), p=0.32], and preeclampsia [OR 0.32 (95% CI
0.05, 2.02), p=0.23] in adjusted models (data not shown).
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Table 2 Gestational weight gain and maternal outcomes according to treatment group

Intervention

Control

B (95% CI)® OR (95% CI)¢

p-value®

Gestational weight gain®

Rate of GWG per week, kg/week, mean (SD) 0.43 (0.19)

Between baseline and 34-36 weeks of gestation, 8.9 (4.3)
mean (SD)¢

GWG per week, n (%)%

047 (021) .09

—-0.04 (- 0.09, 0.01),

p=.13
10.1 (4.6) .07 —1.22 (- 2.44,0.003),
p=.051

Excessive weight gain 75 (62.0) 102 (73.4) .049 0.56 (0.32, 0.98),
p=.04

Adequate weight gain 29 (24.0) 25 (18.0) 24 1.40 (0.74, 2.64),
p=.29

Insufficient weight gain 17 (14.0) 12 (8.6) 17 1.92 (0.85, 4.34),
p=.12

Other maternal outcomes

Gestational hypertensionf 21 (16.9) 33 (23.1) 21 0.72 (0.36, 1.45),
p=.36

Gestational diabetes mellitus® 14 (12.1) 14 (11.1) .82 0.95 (0.36, 2.49),
p=291

Premature birth" 33.3) 3(2.8) .83 1.38 (0.25, 7.49),
p=.71

Caesarean delivcryi 46 (47.4) 43 (39.1) 23 1.35(0.76, 2.39),
p=.31

Preeclarnps.ia1 1(4.2) 4(14.3) 22 0.33 (0.03, 4.04),
p=.38

Following the modified intention-to-treat principles
OR odds ratio, GWG gestational weight gain

#According to Student’s -test for independent samples or Chi-Square test for differences between groups

Estimated by linear regression models adjusted by maternal age (years), smoking (yes/no), parity (number of children), employed at randomiza-
tion (yes/no), health care unit, and gestational week of the last evaluation of body weight in pregnancy (for weight gain outcomes)

“Estimated by logistic regression models adjusted by maternal age (years), smoking (yes/no), parity (number of children), employed at randomi-
zation (yes/no), health care unit, and gestational week of the last evaluation of body weight in the pregnancy (for weight gain outcomes)

4Data available for 121 women of the intervention, and 139 of control group

€Only women with a gestational week of 33 or more at the time of the last evaluation of body weight in the pregnancy were included in the
analysis, with 98 women in the intervention group and 112 in the control group

"Data available for 124 women of the intervention, and 143 of control group, after the exclusion of those with pre-pregnancy hypertension

£Data available for 36 women of the intervention, and 35 of control group
"Data available for 91 women of the intervention, and 108 of control group
iData available for 97 women of the intervention, and 110 of control group

iData available for 97 women of the intervention, and 110 of control group

Data on the compliance with the intervention recommenda-
tions are the same as the presented in the Table 3.

Discussion

This clinical trial was unprecedented in demonstrating
the effectiveness of a nutritional counselling based on the
NOVA food classification system, together with encouraging
the practice of physical activity, in the prevention of exces-
sive weight gain in overweight pregnant women. Among the
IG women, the chance of excessive GWG was 44% lower,

when compared to the CG. No effect of the intervention
was found for gestational hypertension, GDM, preterm birth,
caesarean delivery, or preeclampsia.

The effectiveness of the intervention in limiting excessive
GWG in the present study [OR 0.56 (95% CI 0.32, 0.98)]
is in line with data from previous studies conducted among
pregnant women with excessive body weight, such as the
GLOW study [39] [RR 0.70 (95% CI 0.59, 0.83)], and the
LIFE-Moms meta-analysis [38] [OR 0.52 (95% CI 0.40,
0.67)], which evaluated the results of seven clinical trials
conducted in overweight and obese women. However, the
LIFE-Moms studies used mostly moderate (4—11 sessions)
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Table 3 Compliance with the
intervention recommendations

Intervention Control p-value?

by the pregnant women,
according to treatment group lunch time on the last week®
<16 weeks of gestation

34-36 weeks of gestation

Daily consumption of a minimally processed food-based meal at

Daily consumption of vegetables at lunch time in the previous week ©

<16 weeks of gestation

34-36 weeks of gestation

Daily consumption of fruits in the previous week

<16 weeks of gestation

34-36 weeks of gestation

Frequency of intake of ultra-processed food products

<16 weeks of gestation
<2 times/week
3-4 times/week
> 5 times/week

34-36 weeks of gestation
<2 times/week
3—4 times/week

> 5 times/week

Frequency of intake of sugar sweetened beverages

<16 weeks of gestation
<2 times/week
3—4 times/week
> 5 times/week
34-36 weeks of gestation
<2 times/week
3—4 times/week
> 5 times/week

Physical activity for > 150 min per week

<16 weeks of gestation
34-36 weeks of gestation

111(657) 108 (65.1) .91
76 (7184) 67 (66.3) .06
74 43.8) T3 (44.0) .97
43443) 323GLT) 07
81(47.9)  87(524) .41
48 (49.5)  43(426) .33

13
120 (71.0) 109 (65.7)
33(19.5)  29(17.5)
16 9.5) 28 (16.9)

14
73(753) 63 (62.4)
9(9.3) 16 (15.8)
15(15.5)  22(21.8)

23
88 (52.1) 78 (47.0)
28(16.6) 40 (24.1)
53(31.4)  48(28.9)

27
37(38.1) 48 (47.5)
30 (30.9)  22(21.8)
30 (30.9)  31(30.7)
11 (6.5) 12(72) .79
18(18.6)  16(15.8) .61

Data were available for 169 women of the intervention and 166 of the control group at baseline, and for 97
of the intervention and 101 of control group at 34-36 weeks of gestation

#According to Chi-Square test for the difference between the groups

°Lunch is the main meal in the country

to high (12 or more sessions) intensity interventions [28].
The behavioural intervention applied in the GLOW study
consisted of two in-person and 11 telephone sessions [39].
The one adopted in the present study (3 sessions) is of low-
cost and can be feasibly implemented in the public health
system of less developed countries.

The nutritional intervention of the present study has some
similarities with previous lifestyle intervention studies, such
as encouraging physical activity, fruit and vegetable con-
sumption, and increased the water intake, while reducing the
intake of sugar sweetened beverages and cookies [28, 39].
However, in the present study, the recommendation of food
consumption focused on the degree of industrial processing,
rather than the nutrient content of the food. For example,

@ Springer

according to the NOVA food classification, it is better to
eat a homemade, low-fibre, white flour bread than a high-
fibre, whole grain bread that has been industrially produced
and contains additives, such as colorants, flavours and taste
enhancers, emulsifiers, and non-sugar sweeteners [40].

A higher chance of insufficient weight gain among
women enrolled in nutritional intervention studies was pre-
viously reported. A meta-analysis study, which included 65
randomized controlled trials that tested the effectiveness
of nutritional interventions on excessive GWG, reported
that those in the IGs had a higher risk of insufficient GWG
when compared to the women of the CGs [RR 1.14, 95% CI
1.02-1.27] [8]. In the present study, no effect of the interven-
tion was found for insufficient weight gain.
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A high prevalence of gestation hypertension (20.2%)
was found in the present study, probably related to the
women being overweight. Data from studies on the preva-
lence of gestational hypertension in Brazil vary widely,
from 11% in the South of the country [41] to 23% in the
Southeast [42]. Gestational hypertensive syndromes and
their complications are the leading causes of maternal
death in Brazil [43]. The intervention applied in the pre-
sent study was not effective in preventing this outcome.

No effect of the intervention was found for the other
maternal outcomes investigated. It is possible that the
sample size was insufficient to estimate the impact of the
intervention on outcomes with lower prevalence, such as
premature birth and preeclampsia. High rates of caesarean
delivery are observed in the country [44], and a lifestyle
intervention probably has a limited power to change this
tendency. Furthermore, the period between the first nutri-
tional counselling session and the GW recommended for
the oral glucose tolerance test was possibly too short to
prevent GDM.

Regarding compliance with the intervention recommen-
dations, although there was a tendency for a higher fre-
quency of consumption of minimally processed foods and
vegetables at the main meal in the IG, the intervention was
not effective in reducing the overall intake of ultra-processed
food products and sugar sweetened beverages. The high fre-
quency of intake of ultra-processed food products and sugar
sweetened beverages in the sample evaluated should be high-
lighted. At the second evaluation, 15.5% of the IG and 21.8%
of the CG reported consuming ultra-processed food products
on more than 5 days of the week, and 30.9% of the IG and
30.7% of the CG reported consuming sugar sweetened bev-
erages on more than 5 days of the week.

Increasing evidence from observational studies suggests
detrimental effects on the health of adults and pregnant
women due to the high consumption of ultra-processed
products [17, 18, 45-49]. Ultra-processed products have low
nutritional quality, high energy density and are rich in sugar,
fat and salt, characteristics that make them hyperpalatable,
resulting in impaired regulation of the appetite [50, 51]. In
contrast, a higher intake of homemade meals, prepared using
unprocessed or minimally processed, nutrient-balanced and
satiating foods, leads to a lower chance of obesity [50, 51].
Furthermore, encouraging the consumption of unprocessed
and minimally processed foods helps to revive the country’s
traditional food culture [14].

The high intake of ultra-processed foods also exerts
harmful effects on the environment. The packaging of ultra-
processed products creates large amounts of waste, their
manufacture and distribution involve long transport routes,
and their ingredients are produced through monocultures,
contributing to climate disruption, air pollution and loss of
water [14, 21].

Only one previous clinical trial has investigated the effect
of the consumption of ultra-processed products when com-
pared to diets composed of minimally processed foods. This
inpatient randomized controlled cross-over trial of ad libi-
tum food intake conducted among American adults (n=20)
supported the hypothesis of the deleterious effect of the con-
sumption of ultra-processed foods on body weight control
[50]. In the study by Hall and colleagues [50], all meals were
provided to the study participants, who did not face obstacles
related to food acquisition and preparation, steps necessary
to adopt a diet based on the consumption of unprocessed or
minimally processed food.

Ultra-processed products are offered widely, through vari-
ous marketing and advertising strategies, which influences
the food choices of free-living individuals [13, 45]. The con-
trol of marketing and higher taxes for sugar sweetened bev-
erages and other ultra-processed products might be needed
to control the excessive intake of these products [52].

The present study intervention was not effective in the
promotion of the practice of physical activity. Evidence sug-
gest that the regular practice of physical activity is effective
in preventing adverse maternal outcomes, such as excessive
GWG [22]. Sedentary behaviour among Brazilian pregnant
women has been previously reported [53, 54], and more
intensive interventions might be necessary to promote
changes in this lifestyle behaviour.

The fact that the study is unprecedented and the feasibil-
ity of the implementation of the strategy in public health
services of less developed countries can be considered
important strengths. The nutritional counselling was based
on the NOVA food classification system, which advocates a
more sustainable diet, driven by the traditional food culture
of the country [14].

The study presents some limitations. The women
included in the study lived in areas of high social vulner-
ability, which was aggravated by the financial crisis gener-
ated by the COVID-19 pandemic. In 2020, it was estimated
that in 55.2% of Brazilian households the inhabitants lived
with food insecurity [55]. The low access to a healthy and
varied diet may have directly influenced the adherence to
the food consumption goals of the pregnant women. In addi-
tion, the imposed social isolation may also have reduced
the time spent practicing physical activity. Therefore, the
results presented may underestimate the potential of the
strategy employed. Furthermore, as a result of the pan-
demic, in-person data collection was interrupted for seven
months, and some of the consultations and evaluations of
the study were carried out remotely. Also, the questionnaires
on the frequency of the food intake and practice of physical
activity were not validated for use with pregnant women
and data for some of the health outcomes were obtained
from medical records, which may not have been collected
following the strict criteria of the research protocol. More
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intensive nutritional interventions might be necessary to
promote the practice of physical activity, and to reduce the
intake of ultra-processed food products and sugar sweetened
beverages.

The present trial was conducted only among women who
were overweight before pregnancy and the effect of the
intervention on women of different BMI categories remains
unknown. As described in the study protocol [24], the effect
of the intervention on birth weight, neonatal adiposity, and
the child’s weight and height at 6, 12 and 24 months of age
will be further investigated.

Conclusions

The present study was unprecedented in demonstrating that
a nutritional counselling intervention based on the NOVA
food classification system, together with the practice of
physical activity, is effective in preventing excessive GWG
in overweight pregnant women. Future studies are needed to
investigate the effectiveness of this strategy among women
of other BMI categories, as well as the effect of the interven-
tion on infant outcomes.
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