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ABSTRACT
Background: Some nutritional interventions have shown their
efficacy in reducing gestational weight gain (GWG); however, their
applicability in routine care is limited.
Objective: We assessed the effectiveness of a low-intensity and
high-coverage nutritional intervention on maternal and offspring
outcomes; the intervention enhanced existing nutritional health care
standards and practices at the primary health care level in Chile.
Methods: This study was a cluster-randomized controlled trial of
12 primary health care centers (PHCCs) from Santiago, Chile.
PHCCs were randomly allocated to either nutritional intervention
[intervention group (IG), n = 5] or routine care [control group
(CG), n = 7]. A total of 4631 pregnant women were recruited
(IG, n = 2565; and CG, n = 2066). Primary outcomes were
adequate GWG and glycemic control in mothers and birth weight,
birth length, macrosomia, and large for gestational age in neonates.
The intervention consisted of 4 key actions: training of health
care professionals on nutritional recommendations, counseling of
pregnant women on diet and physical activity recommendations,
offering a physical activity program implemented in the participating
PHCCs, and adequate referral to dietitians. Women randomly
assigned to the CG received routine antenatal care.
Results: At baseline, the mean age was 26.1 y; 45% of women
were primipara and 24% were obese. No differences were found
in the percentage of women achieving adequate GWG (IG: 30.3%,
compared with CG: 31.3%; OR: 0.94; 95% CI: 0.81, 1.09), but
women in the IG had lower GWG than those in the CG (11.3
compared with 11.9 kg; mean difference: −0.63 kg; 95% CI: −1.19,
−0.08). Effects of the intervention were significantly higher in
women with obesity at the begining of pregnancy (mean difference:
−1.24 kg; 95% CI: −2.18, −0.30; P for interaction < 0.05). No
differences were found between groups regarding maternal glycemic
control or neonatal outcomes.
Conclusions: Our findings demonstrate that a low-intensity, high-
coverage intervention delivered through the Chilean public health
care system under standard operating conditions reduces GWG
and has the potential for successful scale-up. This trial was
registered at clinicaltrials.gov as NCT01916603. Am J Clin Nutr
2020;112:991–1001.

Keywords: pregnancy, obesity, gestational weight gain, birth
weight, clinical trial, Chile

Introduction
Pregestational obesity and gestational weight gain (GWG)

above the recommended amount predict a future risk of obesity
and associated metabolic conditions for both the mother and
the offspring (1–3). These conditions are related to adverse
pregnancy [gestational diabetes mellitus (GDM) and preeclamp-
sia], obstetric (cesarean delivery), neonatal (macrosomia or
neonates large for gestational age), and long-term (obesity and
noncommunicable diseases in the offspring) outcomes (4, 5).
In addition, obesity is a self-perpetuating disorder; daughters of
obese women are more vulnerable to becoming obese and are
more likely to have offspring that share this vulnerability (6).
Obesity in pregnancy also has economic consequences. Among
pregnant women, those who are obese and their children have
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higher health care utilization and costs than do women who are
normal weight and their offspring (7, 8).

In 2009, the Institute of Medicine (IOM) of the United
States published revised GWG guidelines based on prepregnancy
BMI (in kg/m2) categories (9). These guidelines recommend
the following GWG categories based on prepregnancy BMI:
underweight (BMI: <18.5 kg/m2; range: 12.5–18.0 kg), normal
weight (BMI: ≥18.5–24.9 kg/m2; 11.5–16.0 kg), overweight
(BMI: 25.0–29.9 kg/m2; 7.0–11.5 kg), and obese (BMI:
>30.0 kg/m2; 5.0–9.0 kg).

Some studies of nutritional interventions during pregnancy
have demonstrated their efficacy in reducing GWG (10, 11).
These studies are usually designed as high-intensity interventions
with small sample sizes, thus limiting their applicability in
routine care (11, 12). Further research is needed to confirm
the effectiveness of high-coverage interventions on maternal
and offspring outcomes and to assess the feasibility and
ability of health care systems to deliver these interventions
(11, 13, 14).

The Chilean Maternal and Infant Nutrition Cohort Study
(CHiMINCs) is a cluster-randomized controlled trial aimed at
assessing the effectiveness of a low-intensity and high-coverage
nutritional intervention by enhancing existing nutritional health
care standards and practices at the primary health care level.
This intervention aimed to improve adequate GWG and maternal
glycemic control as well as adequate weight, length, and
BMI growth during the first year of life. Here, we report
results regarding maternal and neonatal outcomes (birth weight,
gestational age, and fetal growth) and also consider potential
adverse effects.

Subjects and Methods

Study design and setting

The CHiMINCs study is a cluster randomized controlled trial
conducted in 12 primary health care centers (PHCCs) from 2
of the largest urban counties of the Southeast Health Area of
Santiago, Chile [La Florida (n = 5) and Puente Alto (n = 7)].
In Chile, pregnant women seek services from PHCCs at the first
signs of pregnancy and, on average, they receive 5 (maximum
7) midwife assessments prior to delivery (at <14 wk and at 20,
25, 30, 34, 37, and 40 wk of pregnancy) (15). The intervention
was delivered through the national health care system under
standard operating conditions. The cluster units were randomly
allocated to: 1) enhanced implementation of nutritional health
care standards [intervention group (IG)], or 2) routine care
[control group (CG)]. Details of the study protocol have been
published elsewhere (16).

Recruitment and randomization

PHCCs that had coverage of more than 400 new pregnancies
per year were invited to participate in the study as part of
a collaborative agreement between the Institute of Nutrition
and Food Technology and the Southeast Health Area and La
Florida and Puente Alto counties. Twelve PHCCs fulfilled the
inclusion criteria (from a total of 17 PHCCs), and all of
them agreed to participate. PHCCs were randomly allocated
to either the nutritional intervention (n = 5) or routine care

(n = 7). Randomization was performed prior to the recruitment of
participants. At the first prenatal visit, midwives invited pregnant
women to participate in the study. If they agreed, they were then
contacted by the study staff installed in each of the PHHCs,
informed consent was obtained, and baseline information was
collected. All pregnant women who attended these PHCCs
between January 2014 and April 2015 who fulfilled enrollment
criteria were invited to participate by the PHCC midwives.

Participants

The inclusion criteria for pregnant women were as follows:
<15 wk of gestation, between 16 and 40 y of age, residence
within catchment areas of selected PHCCs, and no plans to move
for the following 2 y. Women were excluded if they had high-
risk pregnancies indicated by any of the following guidelines
of the Chilean Ministry of Health: prior history of abortion
(>2), children with low birth weight (<2500 g), prematurity or
perinatal death, current multiple gestation, uterine scar, chronic
diseases (17), or currently underweight (BMI <18.5 kg/m2).
We contacted 5585 pregnant women, but we further excluded
954 pregnant women when enrollment criteria were rechecked,
448 in whom we could not obtain pregestational BMI, 110 who
were underweight, 188 aged <16 or >40 y, 60 with multiple
pregnancy, and 148 with diagnoses of high-risk pregnancy. The
final total sample was 4631 pregnant women (2565 in the IG and
2066 in the CG).

Intervention

The CHiMINCs intervention was designed to support the
implementation of evidence-based and up-to-date guidelines in
primary health care (Supplemental Table 1). The intervention
consisted of 4 key actions: 1) training of health care professionals
on nutritional recommendations; 2) counseling of pregnant
women on diet and physical activity (PA) recommendations; 3)
offer of a PA program implemented in the participating PHCC;
and 4) adequate referral to PHCC dietitians. Specific details on
the intervention have been provided elsewhere (16). Briefly, the
intervention was based on IOM 2009 GWG recommendations
(9) and on dietary and PA recommendations from the American
College of Obstetricians and Gynecologists and the United
Kingdom National Health Service (18, 19); the intervention
also aimed to improve the communication skills of PHCC
professionals. In each of the PHCC visits, midwives provided
to women on a 1-by-1 basis specific recommendations for the
allowed GWG for the next visit assisted using a computer chart
developed based on IOM 2009 recommendations. The midwives
also provided healthy nutrition and PA messages. Messages
included the following: benefits of breastfeeding, avoidance of
the consumption of sugar-sweetened beverages, restriction of
bread consumption to 2 pieces per day, replacement of fatty meat
with lean meat and fish; and eating a variety of vegetables and
fruits each day instead of foods rich in fat and calories. At each
visit, pregnant women were also invited to attend 1-h PA classes.
Sessions were delivered at each PHCC supervised by PA trainers
3 times per week, and they included exercises to achieve moderate
intensity PA. Finally, midwives should refer pregnant women to
dietitians according to defined criteria based on noncompliance
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with the IOM recommendations (9): gaining >3 kg in the first
trimester, independently of their baseline nutritional status; and
gaining >3 kg/mo for women with normal weight, 2 kg for
overweight women and 1.5 kg for obese women during the
second and third trimesters.

Routine care

Women who received prenatal care from PHCCs and were
randomly assigned to CG received routine antenatal care and
nutritional counseling according to national guidelines (17).
The classification of nutritional status in pregnant women is
evaluated through the Atalah’s chart based on BMI increases
according to gestational age (20). Chilean guidelines include
GWG recommendations based on nutritional status, but no
further advice was given at each prenatal appointment to achieve
adequate GWG. Dietary recommendations, including the extra
consumption of 350 calories/d during the second and third
trimesters, respectively (17).

Main outcome measures

The primary outcomes in mothers were as follows. Adequate
GWG, defined as the proportion of women with a GWG within
the IOM 2009 recommendations. GWG was defined as the weight
at delivery (38.5 ± 1.9 wk) or the weight at the last visit prior to
delivery in the PHCC (36.4 ± 5.9 wk) minus the pregestational
weight self-reported by the pregnant woman at the first visit to the
PHCC (correlation between pregestational weight and measured
weight at the first antenatal visit = 0.99). GWG was classified
as below, within or above the 2009 IOM guidelines according to
each prepregnancy BMI category (9).

Adequacy of glycemic control was routinely assessed at 24–
28 wk of pregnancy following a 1-step procedure with a 75-g
oral-glucose-tolerance test (OGTT); GDM was defined according
to the Chilean Ministry of Health Guidelines as having a fasting
plasma glucose (FPG) concentration >100 mg/dL or 2-h values
of >140 mg/dL in the OGTT at 24–28 wk of pregnancy
(17, 21, 22).

Primary outcomes in offspring were adequate birth weight
and birth length, macrosomia, and large for gestational age
in neonates. Appropriate birth weight for gestational age was
defined according to Alarcón-Pittaluga curves (between the 10th
and 90th percentiles) (23). Infant macrosomia was defined as
birth weight >4000 g, and infant born large for gestational age
as a birth weight ≥90th percentile according to Alarcón-Pittaluga
curves (23).

Secondary outcomes were divided into 1) implementation
outcomes (number of trained midwives and dietitians per PHCC,
compliance with protocol by health personnel, perceptions of
the intervention, etc.) and 2) participant compliance outcomes
(referral to dietitian’s clinic, attendance at PA sessions, etc.).

We also considered potential adverse events, including pre-
mature birth (<37 wk), infants with low birth weight (birth
weight <2500 g), infant born small for gestational age [birth
weight ≤10th percentile for gestational age according to Alarcón-
Pittaluga curves (23)], and low score at 1 min and at 5 min on the
Apgar score test (score below 7) (24).

Data collection

Given the effectiveness approach of the study, we based our
data collection on pre-existing records. From the electronic
clinical records available at the PHCCs, we obtained data
on sociodemographic, obstetric, and lifestyle characteristics,
pregestational BMI and height at the first prenatal appointment
(80% at <10 wk of pregnancy), weight at each visit, and maternal
health status during pregnancy, including glucose metabolism as-
sessments, GDM diagnosis, other diagnosis (e.g., hypertension or
preeclampsia), and health care indicators (referral to dietitian or
to secondary care). Sociodemographic, obstetric, morbidity, and
lifestyle data were validated against questionnaires conducted by
the study team at recruitment.

Delivery information, including maternal weight at delivery,
duration of the pregnancy (based on ultrasound at 11–13 + 6 wk),
mode of delivery (cesarean section, vaginal, or forceps), birth
weight, and length of the offspring, were obtained from maternity
records of the largest hospital of the southeastern area of Santiago
(Dr Sotero del Rio Hospital) and complemented the data from the
electronic records of PHCCs. This was possible because in Chile
there is a universal identifier, the Rol Unico Tributario (RUT),
that allows data to be linked from different sources.

We also collected information to assess the degree of
implementation of the intervention. Online surveys to all the
professionals (n = 67) of the PHCCs in the intervention group (3
rounds) and phone surveys to a random sample of the pregnant
women (n = 20.9% of the estimated sample size) were conducted.
Surveys were designed to collect information on the delivery of
recommendations or surveys, reasons for a lack of compliance
with the intervention, referral to a dietitian, or effectiveness of
the intervention. PA trainers recorded participant attendance to
PA classes.

Statistical analyses

We performed the statistical analysis on an intention-to-treat
basis. Baseline characteristics between groups were compared
using t-tests (for continuous variables) or chi-square tests (for
categorical variables). Analysis was performed taking into
account the cluster design (PHCCs). To test the effects of the
intervention on continuous responses, such as GWG, glucose
concentration, or birth weight, we used a multilevel mixed-effects
linear regression model (xtmixed module in STATA software).
The effects of intervention were estimated as β coefficients (mean
differences) and 95% CIs. For binary responses, such as the above
recommendations for GWG, GDM, or macrosomia, we used the
multilevel mixed-effects logistic regression models (xtmelogit
module in STATA software). The effects of the intervention were
estimated as ORs and 95% CIs. Models were adjusted by baseline
data. Models for GWG or GWG according to recommendations
as outcomes were adjusted by pregestational BMI, maternal
age at recruitment, gestational age at delivery, primipara status,
and other variables that were significantly different between the
groups at baseline. Models in which maternal glycemic control
was the outcome were adjusted by pregestational BMI, maternal
age at recruitment, gestational age, primipara status, secondary
care referral, and other variables that were significantly different
between the groups at baseline. Models for neonatal outcomes
were adjusted by pregestational BMI, maternal age, gestational
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age at delivery, primipara status, and other variables that were
significantly different between the groups at baseline. We also
tested for the interaction effects between pregestational BMI and
the intervention on GWG, and stratum-specific treatment effects
were estimated. Models did not include imputation techniques for
missing values.

Sensitivity analyses were also perfomed in subgroups of par-
ticipants if the total sample excluded those who were diagnosed
with GDM and in the subsample of women in whom GWG was
defined as the weight at delivery minus the pregestational weight
(including and excluding diagnosis of GDM).

All tests performed were 2 sided, with P < 0.05 considered
statistically significant. All analyses were conducted using Stata
version 13.0.

Sample size.

The original calculation of sample size was estimated based
on the hypothesized effect sizes using existing data and the likely
rates of study dropout (20%). Assuming that 50% of Chilean
women currently meet IOM GWG recommendations (25), a
2-tailed α of 0.05, 80% power, and an intraclass correlation
coefficient of 0.008% (26) (based on the cluster design of
the study), we needed to recruit 200 women in each PHCC
(n = 1200 per arm to obtain a final sample size of 960 per
arm) to detect a 20% difference in the achievement of IOM
2009-GWG recommendations between groups (IG compared
with CG). During the follow-up of the first study participants,
we realized that some study outcomes that were collected from
electronic records of the PHCCs were underreported (such as
blood glucose concentration). To achieve the desired power
because of the logistical impossibility of increasing the number
of clusters, we decided to increase the cluster size to evaluate the
effect of the intervention on all primary outcomes, although the
number needed per arm under individual randomization in some
outcomes could be exceeded (27).

Ethical approval

The protocol for this study was approved by the Ethics
Committees of the Institute of Nutrition and Food Technology
of University of Chile (approval certificate number 18, July
25, 2012), the Catholic University of Chile (approval certificate
number 12-238, August 7, 2012), and the Southeast Health
Service (approval certificate August 9, 2012). All participants
provided written informed consent. This trial was registered at
clinicaltrials.gov as NCT01916603.

Results

General characteristics at recruitment

The total sample (n = 4631, IG = 2565, and CG = 2066) was
included in the intention-to-treat analyses. Prepregnancy weight
was obtained in the total sample (by questionnaire at baseline).
GWG during pregnancy was available in 4563 (98.5%) women
without differences between groups (IG = 2528 and CG = 2035).
Laboratory results for fasting glucose concentration from the
OGTT could be extracted from clinical records in a subsample
of 1769 participants (38%, IG = 1019 and CG = 750) and 2-h
glucose concentration in 1667 participants (36%, IG = 966 and
CG = 701). However, a determination with respect to GDM was

stated in 72.6% of the medical records (n = 3363 women), with
significant differences between groups (IG = 1968, 76.7% and
CG = 1395, 67.5%; P < 0.05). Delivery data were extracted in
82.7% of the sample (17.3% of loss to follow-up: 0.4% due to
abortion, 0.3% transferred to another health center, and 16.7%
in whom the reason could not be determined). From medical
records, maternal weight at delivery was obtained in a subsample
of 2981 women (64.4%) (IG = 1670 and CG = 1311). Birth
weight was assessed in 3763 infants (81.3%); 2111 newborns
of mothers were allocated to the IG, and 1652 of mothers were
allocated to the CG.

Table 1 outlines the baseline sociodemographic and clinical
characteristics of the women study participants. The average age
of the cohort was 26.1 ± 5.9 y, and the average gestational age at
admission was 10.6 ± 42 wk. Forty-five percent of women were
primipara, and the average BMI was 26.8 ± 5.1 kg/m2, with 34%
of women being overweight and 24% obese.

Degree of implementation

The degree of implementation of the intervention was variable.
In phone surveys to pregnant women, 96% of the participants
declared having been informed about their GWG, and 61%
reported that midwives reminded them how much they should
gain by the following check-up (Supplemental Table 2).
Seventy-eight percent of the women remembered receiving any
of the nutritional messages. Fifty-seven percent of the total
trained professionals of the IG answered the online surveys. On
average, 100% declared that they communicated with pregnant
women about their current weight and 86% reported that
they communicated how much weight they should gain until
the next appointment to comply with the recommendations
(Supplemental Table 3).

Attendance at the physical activity sessions was very low
(>10% of the participants).

The average number of appointments with midwives was
similar in both groups (6.3 in the IG and 6.3 in the CG, P > 0.05),
but more women were referred to dietitians in the IG (35% in
the IG compared with 20% in the CG, P < 0.05). A higher
proportion of women allocated to the IG had a secondary care
referral during pregnancy for health reasons (25.9% compared
with 23.2%, P < 0.05); among them, the most frequent diagnoses
were GDM (31.1%), obesity (11.9%), urinary tract infection
(15.4%), and anemia (8.6%) (data not shown).

Gestational weight gain

Table 2 shows the results of the intervention on GWG both
as a co ntinuous outcome and categorized according to IOM
2009 recommendations. First, we calculated differences between
groups using the t-test or chi square test. Then, crude and
adjusted regression models (mean differences or OR and 95%
CI) were performed because of differences in some variables
between groups at baseline. Women in the IG had significantly
lower GWG (mean 11.3 kg) than did those in the CG (mean
11.9 kg) (adjusted mean difference: 0.63 kg; 95% CI: −1.19,
−0.08). Pregestational BMI showed a significant interaction with
the effect of the intervention on GWG (P < 0.05), resulting
in a higher difference between groups in women with obesity
(adjusted mean difference: −1.24 kg; 95% CI: −2.18, −0.30)
(Table 2).
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TABLE 1 Baseline characteristics of the study population1

Intervention group
(n = 2565)

Control group
(n = 2066) P value2

Age, y 26.3 ± 6.0 25.8 ± 5.7 0.003
Adolescent (16–20 y), n (%) 392 (15.3) 350 (17.1) 0.105
Education, n (%) 0.051

<8 y 336 (13.7) 323 (15.9)
9–12 y 1562 (63.6) 1295 (63.5)
>12 y 559 (22.8) 420 (20.6)

Civil status, n (%) <0.001
Single 1139 (45.7) 1078 (54.1)
Married/living with partner 1320 (53.0) 888 (44.6)
Divorced/widow 32 (1.3) 27 (1.4)

Working, n (%) 1091 (45.2) 790 (41.8) 0.025
Number of people per household 3.6 ± 1.8 3.4 ± 1.7 <0.001
Gestational age at recruitment, wk 11.0 ± 4.2 10.1 ± 4.1 <0.001
Primipara, n (%) 925 (44.8) 763 (45.5) 0.657
Number of children 0.7 ± 1.0 0.7 ± 1.0 0.627
Pregestational weight, kg 67.5 ± 13.8 67.2 ± 13.9 0.532
Height, cm 158.3 ± 5.7 158.1 ± 5.8 0.231
Pregestational BMI, kg/m2 26.8 ± 5.1 26.9 ± 5.1 0.793
Pregestational BMI categories, n (%) 0.964

Normal (18.5–24.9 kg/m2) 1078 (42.0) 874 (42.3)
Overweight (25.0–29.9 kg/m2) 875 (34.1) 697 (33.7)
Obese (≥30.0 kg/m2) 612 (23.9) 495 (24.0)

1Values are means ± SDs unless otherwise indicated.
2Differences between groups were compared using a t-test (for continuous variables) or chi-square test (for

categorical variables).

No differences were found between participants assigned
to the intervention compared to women assigned to routine
care in the proportion of adequate GWG (IG 30.3% compared
with CG 31.3%; adjusted OR: 0.94; 95% CI: 0.81, 1.09).
Pregestational BMI showed a significant interaction with the
effect of the intervention on adequate GWG (P < 0.05),
resulting in a lower proportion of adequate GWG in the
IG in women with normal BMI (adjusted OR: 0.73; 95%
CI: 0.54, 0.97). We also found a smaller but not significant
proportion of women who exceeded the IOM recommendations
(36.6% compared with 39.2%; adjusted OR: 0.96; 95% CI:
0.77, 1.19) and showed a significant interaction by nutritional
status (adjusted OR for obesity: 0.75; 95% CI: 0.52, 1.08)
(Table 2).

In the subsample of women in which we could obtain weight
at delivery, women of the PHCCs allocated to the IG gained
significantly less than women allocated to the CG gained, but this
difference was nonsignificant after adjustments were made for
covariables (adjusted mean difference: −0.39 kg; 95% CI: −0.94,
0.15). We observed a significant interaction between pregesta-
tional nutritional status and the intervention on GWG (P < 0.10);
however, no significant differences were found by subgroups of
pregestational BMI (e.g., for obesity, adjusted mean difference:
−0.94 kg; 95% CI: −2.13, 0.26). No differences were found
between groups in the proportion of women who achieved an ad-
equate GWG but who also showed differences by pregestational
nutritional status (P for interaction = 0.025) (Supplemental
Table 4). Women with a normal pregestational BMI showed a
lower percentage of adequate GWG (OR: 0.66; 95% CI: 0.49,
0.89).

Maternal glycemic control

At 24–28 wk of pregnancy, the fasting glucose concentration
at the OGTT was slightly higher in the IG than in the CG, but
the difference was not statistically significant (adjusted mean
difference: 1.31 mg/dL; 95% CI: −0.16, 2.78). At 2 h, a higher
glucose concentration was observed in the IG than in the CG,
which was not statistically significant in the adjusted models
(P > 0.05). The incidence of GDM was higher in the IG than in
the CG (16% in the IG compared with 13% in the CG; P < 0.05);
however, this difference was not statistically significant in
the adjusted model (adjusted OR: 1.22; 95% CI: 0.86, 1.74)
(Table 3).

In the subsample of women in whom we were able to obtain
weight at delivery, GDM was higher in the IG than in the CG
(IG 17% compared with CG 13%, but this difference was not
observed in adjusted models (adjusted OR: 1.38; 95% CI: 0.92,
2.07) (Supplemental Table 5).

As sensitivity analyses, we repeated models excluding women
with a diagnosis of GDM in both the total sample and in the
subsample of women in whom weight at delivery could be
obtained (Supplemental Tables 6–9); the direction of the effects
was consistent across models but showed lower precision in some
estimates due to a smaller sample size in subgroups.

Neonatal outcomes

Twenty percent of women allocated to the IG had a cesarean
section compared to 23% in the CG, without significant
differences between groups. Table 4 shows the study results in
neonatal outcomes; there were no significant differences between
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the 2 treatment groups (P > 0.05; e.g., for appropriate for
gestational age; adjusted OR: 0.97; 95% CI: 0.75, 1.14).

Adverse events

The intervention did not have any detectable adverse effects on
outcomes related to deficient fetal growth (incidence of preterm
birth, low birth weight, and small for gestational age or Apgar
scores) (P > 0.05) (Table 5).

Discussion
Our results show that a low-intensity, but high-coverage in-

tervention delivered through primary health care centers was not
effective in improving adequate GWG. Other trials have already
suggested that nutritional interventions are effective in reducing
GWG but not enough to show differences in the proportion of
women who gain weight within recommendations (25, 28–30).
However, the intervention was effective in decreasing GWG.
GWG was 630 g lower in the intervention group than in the
control group, once adjustments were made for covariables. This
trial adds to the evidence that nutritional interventions in diet
and/or PA are effective in reducing GWG, even when delivered
under the standard operating conditions of primary health care.
The effect size of our intervention is slightly lower than those
found in other nutritional interventions (25, 31–34), which can
be explained by the low intensity of our intervention. However,
we found that the intervention had a higher impact in the group of
obese women; in this subgroup, women allocated to the IG gained
1.2 kg less than did those allocated to the CG. This interaction
by nutritional status was also observed in the meta-analysis of
Thangaratinam et al. (10), showing a higher reduction in GWG
in the subgroup of obese and overweight pregnant women (mean
difference: −2.1 kg, P for interaction = 0.05), but the treatment
effect of our study was higher than that reached by Poston et
al. (34) in an intervention in a large sample of obese pregnant
women (−0.55 kg). The observed reduction in GWG in obese
pregnant women is relevant because it corresponds to 14–25%
of the GWG recommendations in this subgroup (5–9 kg). We
believe these results may indicate that nutritional counseling may
be more effective in the population groups that need it the most.

The impact of this lower GWG on health in the short and
long term is not clear. A higher GWG may contribute to greater
postpartum weight retention, which could lead women to face the
next pregnancy in worse condition, contributing to the obesity
epidemic to a higher degree (35, 36).

Although the intervention did not show a higher incidence of
adverse events, participants with pregestational normal weight
allocated to the IG comprised a significantly lower percentage of
women with a GWG within recommendations. This finding may
be partially explained by the facts that Chilean recommendations
are stricter than the IOM recommendations (10–13 kg) (20)
or that normal weight women in Chile are much more weight
concious than their counterparts. Taken together, we believe
these findings support another argument for targeting the current
intervention to overweight and obese women, which would also
contribute to better allocation of resources.

Moreover, we found that the intervention did not improve
maternal glycemic control. We found that participants in the IG
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TABLE 5 Adverse effects by treatment group1

Intervention group
(n = 2111)

Control group
(n = 1652)

Treatment effect [OR (95% CI)]3

P value2 Crude Adjusted

Preterm birth (<37 wk), n (%) 161 (9.4) 96 (7.2) 0.030 1.34 (1.03, 1.74) 1.57 (0.74, 3.23)
Low birth weight, n (%) 127 (6.0) 78 (4.7) 0.082 1.27 (0.97, 1.68) 1.23 (0.86, 1.77)
Small for gestational age, n (%) 153 (8.9) 121 (9.0) 0.904 1.29 (0.97, 1.72) 1.31 (0.71, 2.41)
Apgar 1 score <7, n (%) 140 (6.8) 116 (7.2) 0.620 0.88 (0.60, 1.30) 0.77 (0.35, 1.72)
Apgar 5 score <7, n (%) 73 (3.6) 67 (4.2) 0.328 0.78 (0.45, 1.36) 0.94 (0.32, 2.78)

1Preterm birth and small for gestational age were estimated in 2080 babies of the intervention group and in 1633 of the control group. Apgar scores were
estimated in 2057 babies of the intervention group and in 1605 of the control group.

2Based on chi-square test.
3Based on multilevel mixed-effects logistic regression models (treatment effect estimated by OR and 95% CI). Adjusted by baseline data: pregestational

BMI, maternal age, gestational age at delivery, primipara status, education, civil status, working status and number of people per household (models for low
birth weight and Apgar 1 and Apgar 5 scores) or by pregestational BMI, maternal age, primipara status, education, civil status, working status and number of
people per household (models for preterm birth and small for gestational age). P-interaction between intervention and pregestational BMI on preterm birth =
0.515. P-interaction between intervention and pregestational BMI on low birth weight = 0.807. P-interaction between intervention and pregestational BMI on
small for gestational age = 0.792. P-interaction between intervention and pregestational BMI on Apgar 1 score <7 = 0.675. P-interaction between
intervention and pregestational BMI on Apgar 5 score <7 = 0.755.

had a higher incidence of GDM than those in the CG, although
this result was not significant in the adjusted models. Although
several nutritional interventions during pregnancy have also
shown a null effect on GDM (25, 30, 31, 37, 38), a recent review
of the effects of diet and exercise interventions to prevent GDM,
which included 23 randomized controlled trials, demonstrated a
risk reduction of 1% (average RR: 0.85; 95% CI: 0.71, 1.01).
However, these investigators concluded that the evidence is too
limited to be put into practice and that more studies are needed
(39).

Additionally, we did not find any differences between the
groups in outcomes related to birth. The overall incidences
of small for gestational age (SGA) and large for gestational
age (LGA) according to national standards were 9% and
13%, respectively (5% and 18% according to Intergrowth-21
standards, respectively; κ statistic = 0.73), which were very
similar to those presented in other national reports (40). This
lack of impact on neonatal outcomes is also observed in most
lifestyle interventions (9), even though the "Gesund leben in
der Schwangerschaft"/Healthy living in pregnancy (GeliS) trial
found a small decrease in birth weight and length with the
antenatal intervention even in the absence of an effect on GWG
or GDM (37). Some authors have suggested that the maternal
metabolic condition programs early placenta function and gene
expression in the first trimester of pregnancy when interventions
have not yet started, emphasizing that nutritional intervention
should focus on reducing maternal obesity before conception (41,
42).

Among the components of this intervention was a PA program,
specifically designed for pregnant women and supervised by
trained instructors. This program was the unique component of
the intervention not delivered through the primary health care
system, which currently does not offer any physical activity
program aimed at pregnant women. However, adherence to PA
class attendance was very low. On average, 1 out of every 10
pregnant women in the centers attended at least 1 PA class.
Our adherence was lower than that reported in other studies,
which may be due to the lower intensity of our study. The levels
of sedentarism in nonpregnant Chilean women of childbearing

age reach 90% (43), and the failure of this intervention shows
that, against our hypothesis, pregnancy does not seem like a
good time to make changes in PA. The participants who were
consulted in the telephone surveys stated the following as the
main reasons for their low attendance: their low availability of
time and their lack of developing a habit to perform PA. Given this
poor adherence, the results of the intervention could be attributed
to the component of monitoring of weight gain and nutritional
counseling delivered by the health care system. Thangaratinam
et al. (10) reported that dietary interventions are more effective
in reducing GWG than are those based on PA only or those
with combined dietary and exercise interventions. A European
randomized trial also observed that the group randomly assigned
to a healthy eating intervention was more effective in reducing
GWG than was the group allocated to PA, but the authors argue
that the GWG in the physical activity group could reflect an
increase in muscle mass but not in fat (44).

A relevant finding of our study is the high prevalence of
pregestational excess weight observed in the participants; 1 out
of every 3 pregnant women was overweight, and 1 out of 4 was
obese. These figures are slightly higher than those reported in
the National Health Survey at the national level for women of
childbearing age (43). Evidence regarding the effects on maternal
and child health is more consistent with respect to pregestational
obesity than to GWG above the recommended amount (45).
Therefore, this high prevalence of excess weight emphasizes the
importance of implementing individual and structural strategies
aimed at women having a normal nutritional status before
becoming pregnant.

This study is not exempt from limitations. First, all of
the information related to the study outcomes was extracted
from electronic clinical records routinely collected at health
centers. This could produce an underestimation of the effects
of the intervention. Additionally, due to the real-world setting
of this study, we could not obtain all the information related to
outcomes in the participants because it was not always recorded
in their medical records. The percentage of missing values
was particularly high for the results of glucose concentration,
which were only obtained in 37% of the participants although
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a diagnosis of GDM was stated in 73% of the medical records.
Similar to most studies of pregnancy, pregestational weight was
self-reported, and could have been underestimated by women,
especially in overweight and obese participants. However, the
abovementioned underestimation should be similar in both
arms of randomization. In addition, PHCC professionals and
participants in the IG were not blinded to the intervention,
because they received training (professionals) and nutritional
messages and PA classes (participants). Another limitation could
be the small number of clusters involved in the trial, which could
lead to an inflated type I error rate; however, this design was
preferred over an individual-based design because of logistic
feasibility and the avoidance of potential contamination between
the 2 treatment groups (46).

Among the strengths, we highlight the large sample size of the
study and its randomized controlled design. In addition, the pri-
mary health care setting increases its chances of generalization.

Our findings demonstrate that a low-intensity high-coverage
intervention delivered through the national health care system
under standard operating conditions reduces GWG, particularly
in obese women, although it was insufficient to improve adequate
GWG. These results highlight the potential of this intervention to
be scaled up without the inclusion of many additional resources
and therefore be considered part of the national strategy for
preventing GWG among obese pregnant women. More studies
are needed to evaluate the impact of this lower GWG at the
population level on postpartum weight retention and on the short-
and long-term health of mothers and their offspring.
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