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ABSTRACT

ARTICLE HISTORY

We identiﬁed factors associated with gestational weight gain
(GWG) in 1,654 Chilean pregnant women with full-term
pregnancies. At baseline, we collected information about
sociodemographic, gyneco-obstetric, anthropometric, and
health-care-related factors. We found that prepregnancy
nutritional body mass index was the most important factor
related to GWG above recommendations (overweight: ratio of
relative risks [RRR] D 2.31, 95% conﬁdence interval [CI, 1.73,
3.09] and obesity: RRR D 2.90, 95% CI [2.08, 4.03]). We believe
that women who are overweight/obese at the beginning of
pregnancy should be identiﬁed because of their higher risk, and
that adequate strategies should be designed and implemented
to help them achieve a healthy GWG.
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In the present study, we evaluated sociodemographic, gyneco-obstetric, anthropometric, and health-care-related factors that inﬂuence gestational weight gain
(GWG) in a Chilean population of pregnant women of low and medium socioeconomic levels. Efforts have been made in Chile to not only reduce prepregnancy
obesity to go through pregnancy under optimal conditions but also promote
healthy GWG to minimize medical complications for the baby and mother during
this pregnancy. Although Chile is a developed country, there are high economic
and social disparities. Because of these factors, together with the rapid nutritional
transition over the past years and Chile’s ethnic and cultural speciﬁcities, we
believe that it is unclear if GWG recommendations for developed countries can
be applied to the Chilean population and others with similar characteristics. We
think that understanding the predictors associated with GWG is important for
identifying at-risk women and for designing interventions to help mothers avoid
adverse outcomes.
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Several investigators have documented that prepregnancy obesity (body mass
index [BMI] prior to pregnancy  30 kg/m2) represents a major public health
challenge because it affects not only the health of the women but also that of the
offspring (Leddy, Power, & Schulkin, 2008). They have shown that prepregnancy
obesity is a risk factor for adverse pregnancy complications (gestational diabetes
mellitus and preeclampsia), obstetric complications (cesarean delivery), neonatal
complications (macrosomia and large-for-gestational-age infants), and long-term
outcomes (obesity and noncommunicable diseases in the baby) (Nelson, Matthews,
& Poston, 2009; O’Reilly & Reynolds, 2013). GWG below or above recommendations has also been associated with adverse health effects. In 2009, the Institute of
Medicine (IOM) of the United States published revised GWG guidelines based on
prepregnancy BMI categories (Institute of Medicine & National Research
Council, 2009). These guidelines recommend a range for GWG based on prepregnancy BMI: underweight (BMI < 18.5 kg/m2: 12.5–18.0 kg), normal weight
(BMI  18.5–24.9 kg/m2: 11.5–16.0 kg), overweight (BMI 25.0–29.930.0 kg/m2:
6.8–11.3 kg), and obese (BMI  30.0 kg/m2: 5.0–9.0 kg). GWG above recommendations has been shown to be associated with fetal death and gestational diabetes,
macrosomia, preeclampsia, and complicated deliveries in the mother (Norman &
Reynolds, 2011). GWG below recommendations has been shown to be associated
with small-for-gestational-age fetuses, low birth weight, and preterm birth (Poston,
2012).
Previous researchers have described many factors inﬂuencing GWG such as
prepregnancy BMI, maternal age, height, parity, ethnicity, educational level,
marital status, and number of midwife visits (Campbell et al., 2016; Samura et al.,
2016). However, most of these investigators based their results on populations
from developed Western countries, and therefore, their conclusions might not be
applicable to countries with different characteristics, such as ethnic composition,
social inequalities, and speed of nutritional transition. For example, researchers
from Brazil showed that GWG below recommendations was associated with low
educational level and that GWG above recommendations was related to prepregnancy nutritional BMI and high blood pressure (Fraga & Theme Filha, 2014).
In 2010, the Organization for Economic Cooperation and Development
(OECD) incorporated Chile as a member and as the ﬁrst country in Latin America
(OECD, 2010). Although this signiﬁes a relatively high income per capita, the level
of economic and social inequalities in Chile is the highest among the current 35
members of this organization (OECD, 2015). In addition, the nutritional status in
Chile is comparable to that in countries such as the United States; Chile has
undergone rapid nutritional transition, and the prevalence of gestational obesity
(Atalah, Castillo, Castro, & Aldea, 1997; Atalah & Castro, 2004) has increased
from 20% in 2005 to 30% in 2015 (Araya, Padilla, Garmendia, Atalah, & Uauy,
2014; Government of Chile, Ministry of Health, 2015). We strongly believe that
these distinctive characteristics might lead to GWG recommendations that differ
from those in developed countries.
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Together with the design and implementation of policies to reduce prepregnancy obesity for women to face pregnancy with a normal nutritional status, we
believe that it is equally important to design strategies to promote healthy GWG.
The latter results in better health outcomes for the baby and mother and relates to
the initial health status for future pregnancies.

Methods
Setting and database

Our study is a secondary analysis of the Chilean Maternal and Infant Nutrition
Cohort study (CHiMINCs). The objective and methods of the CHiMINCs are
published elsewhere (Garmendia et al., 2015). Brieﬂy, the CHiMINC investigators
aimed to assess the effectiveness of an intervention that enhances the implementation of updated nutrition health care standards (diet, physical activity, and
breastfeeding promotion) during pregnancy on maternal GWG and infant growth
through a randomized controlled trial. The cluster units were 12 primary health
care centers (PHCCs) from two counties (La Florida and Puente Alto) from the
Southeast Area of Santiago, Chile, that were randomly allocated to (a) enhanced
nutrition health care standards (intervention group) or (b) routine care (control
group). We invited each of the 12 PHCCs to participate in the study using regular
health service procedures. Randomization was done prior to recruitment of participants. All pregnant women who attended these PHCCs and fulﬁlled enrollment
criteria were invited to participate by the PHCCs’ midwives; inclusion criteria were
checked by the study ﬁeld workers and informed consent was obtained from those
who expressed an interest in joining the study. A total of 4781 pregnant women
were recruited between January 2014 and April 2015. Women of ages between 16
and 40 years at less than 15 weeks of gestation, who did not reside within
the catchment area of selected PHCCs and had no plan to move for 2 years, were
recruited. Women with high-risk pregnancies according to the guidelines of the
Chilean Ministry of Health were excluded. Retention rate was 81%.
Pregnant women who went to the PHCCs allocated for intervention starting on
their ﬁrst midwife visit received advice regarding optimal weight gain during
pregnancy and counseling regarding diet and physical activity. Pregnant women
who attended the control PHCCs received routine prenatal care according to
national guidelines.
For the present study, we used the database of pregnant women recruited in the
control group of CHiMINCs to avoid the possible effect of intervention on the
predictors of GWG.
Outcome variable

In the present study, we calculated GWG as the difference between delivery and
prepregnancy weights, and studied both as continuous variables (kg) and classiﬁed
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them into three categories deﬁned as below, within or above the 2009 IOM guidelines (Institute of Medicine & National Research Council, 2009).
Predictor variables

As potential predictors of GWG, we evaluated sociodemographic, gynecoobstetric, anthropometric, and health care factors. The sociodemographic variables
included the following: maternal age at recruitment (adolescents [<20 years] or
adults [20 years or more]), education status (<12 years or 12 years), civil status
(married/with partner or single/divorced/widow), county of residence (La Florida
or Puente Alto), and socioeconomic status (SES) of the population going to PHCCs
(high/medium SES: 79% ﬁnished primary education or low SES: 78% ﬁnished
primary education). The gyneco-obstetric variable included parity (0; 1; 2; or
more). The anthropometric variables included height (<158 cm or 158 cm) and
prepregnancy BMI (underweight, normal, overweight, and obese). The healthcare-related variables considered the number of midwife visits (<6 or 6) and
referral to dietitian (yes/no) during pregnancy.
Data collection

We collected all data as part of routine health care activities. Authorities of PHCCs
that participated in our study had implemented electronic health records since
2009. We obtained data related to predictor variables from health records and by
direct questioning at recruitment. Weight and height were measured at the ﬁrst
midwife visit, and thereafter, weight was measured during each following midwife
visit until delivery.
Data analysis

We started with a database of 2365 women from which we excluded 585 women
for whom we did not have prepregnancy BMI data or information about delivery
(gestational age, mode of delivery, and weight at delivery) or who had at least one
midwife visit during pregnancy. Because GWG is affected by gestational age, we
further excluded 126 women who did not give birth at full term (less than 37
weeks), resulting in a total of 1654 women classiﬁed as follows: underweight
(BMI < 18.5 kg/m2; 38 women), normal weight (BMI 18.5–24.9 kg/m2; 683
women), overweight (BMI 25.0–29.9 kg/m2; 543 women), and obese (BMI  30
kg/m2; 390 women).
We ﬁrst carried out a descriptive analysis including the mean and standard deviation for quantitative variables and absolute and relative frequencies for categorical
variables. We tested signiﬁcant differences by predictor variables among groups
(GWG above, within, and below IOM recommendations) using x2 test (p-value).
To compute predictors of GWG, we used crude and adjusted linear and multinomial logistic regression models. In the linear regression models, we considered
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GWG as a continuous variable and computed beta-coefﬁcients and 95%
conﬁdence intervals (CIs). In the multinomial regression models, we considered
three categorical outcomes: (a) GWG below IOM recommendations; (b) GWG
within IOM recommendations; and (c) GWG above IOM recommendations. The
multinomial logistic regression model is a simple extension of the binomial logistic
regression model. It is used when the dependent variable has more than two
nominal categories; thus, the dependent variable is dummy coded into multiple
1/0 variables (Long & Freese, 2006) (Hosmer & Lemeshow, 2000). With this
model, we estimate a separate binary logistic regression model for each of those
dummy variables. Each binary logistic regression model demonstrates the effect of
the predictors on the probability of success in that category in comparison with
the reference category. In our model, we deﬁned the group with GWG within IOM
recommendations as the reference group. We computed the ratio of relative risks
(RRR) such that the ratio of probabilities—the probability of being above or below
IOM recommendations over the probability of being within IOM recommendations—is referred to as relative risk; exponentiated regression coefﬁcients are thus
interpreted as relative risk ratios for a unit change in the predictor variable
(Institute for Digital Research and Education UCLA, 2017). We conducted statistical analyses using the R statistical software package version 3.2.4 and Stata 12.0.
Ethical aspects

The CHiMINCs’ protocol was approved by the Institutional Review Boards of
Institute of Nutrition and Food Technology of University of Chile, the Catholic
University of Chile, and the South-Eastern Health Service. All women signed
informed consent to participate in the study.

Results
In our analysis, we found that the mean age of pregnant women was 25.8 years
(SD D 6.2), most of the women were single (53%), had at least 12 years of education (66%), and were primipara (56%) (Table 1). We observed that more than half
of the women had a prepregnancy BMI higher than 25 kg/m2, with 34% of them
being overweight and 24% being obese. The mean GWG of women at delivery was
12.9 kg (SD D 6.3)—13.6 kg for underweight (SD D 7.4), 14.1 for normal
(SD D 5.6), 12.7 (SD D 6.6) for overweight and 10.7 (SD D 5.4) for obese women.
Approximately 68% of the women did not reach the IOM recommendations—
23.9% being below and 43.6% being above the IOM guidelines in the overall population (Table 2). According to the prepregnancy BMI, we found that the percentage
of women with GWG below IOM recommendations was 50%, 33%, 16%, and 15%
for underweight, normal, overweight, and obese women, respectively. The
percentage of women with GWG above IOM recommendations was 22%, 30%,
53%, and 57% for underweight, normal, overweight, and obese women,
respectively (p < .05) (Table 2).
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Table 1. General characteristics of the study population (n D 1654).
Variables
Sociodemographic
Age
Continuous, years (mean, SD)
< 20
 20
Education, y
< 12
 12
Civil status
Married/with partner
Single/divorced/widow
County of residence
Puente Alto
La Florida
Public health care center socioeconomic status
High/medium
Low
Anthropometric
Prepregnancy BMI
Continuous, kg/m2 (mean, SD)
Underweight, < 18.5
Normal weight, 18.5–24.9
Overweight, 25–29.9
Obesity,  30
Height
Continuous, cm (mean, SD)
 158
> 158
Obstetrics
Parity (number of children)
Continuous (mean, SD)
0 (primigesta)
1
2 or more
Health care
Prenatal midwife visits, y
Continuous (mean, SD)
<6
6 or more
Referral to dietitian
Continuous (mean, SD)
Yes
No

n/Mean

%/SD

25.8
314
1331

6.2
19.1
80.9

581
1127

34.0
66.0

748
884

45.8
54.2

1272
382

76.9
23.1

924
730

55.9
44.1

26.7
38
683
543
390

5.3
2.2
41.3
33.8
23.6

158.1
875
779

5.9
52.9
47.1

0.7
913
404
314

1.0
56.0
24.8
19.3

5.4
902
752

2.9
54.5
45.5

0.2
309
1345

0.5
18.7
81.3

We observed that the highest GWG occurred in the third trimester of the
pregnancy (6.8 kg on average, compared to 2.4 and 4.6 kg in the ﬁrst and second
trimesters, respectively) without differences in prepregnancy BMI (data not
shown). We also found that GWG up to the end of the second trimester was a
strong predictor of overall GWG in women; the lower the GWG of pregnant
women by the end of the second trimester, the higher the probability of reaching
IOM recommendations (p < .05).
In adjusted models, we found that predictors of lower GWG, when considered
as continuous variables, were excess prepregnancy weight (overweight and obesity)
compared to normal prepregnancy weight (p < .05). We also observed that taller
women had a higher GWG compared to shorter women (Table 3). Regarding
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Table 2. Gestational weight gain according to prepregnancy body mass index (n D 1654).
Variables
GWG, kg, mean (SD)
Total sample
Underweight, prepregnancy BMI < 18.5 kg/m2
Normal weight, prepregnancy BMI 18.5–24.9 kg/m2
Overweight, prepregnancy BMI 25–29.9 kg/m2
Obesity, prepregnancy BMI  30 kg/m2
GWG below IOM recommendations, n (%)
Total sample
Underweight, prepregnancy BMI < 18.5 kg/m2
Normal weight, prepregnancy BMI 18.5–24.9 kg/m2
Overweight, prepregnancy BMI 25–29.9 kg/m2
Obesity, prepregnancy BMI  30 kg/m2
GWG above IOM recommendations, n (%)
Total sample
Underweight, prepregnancy BMI < 18.5 kg/m2
Normal weight, prepregnancy BMI 18.5–24.9 kg/m2
Overweight, prepregnancy BMI 25–29.9 kg/m2
Obesity, prepregnancy BMI  30 kg/m2

N /mean

% / SD

12.9
13.6
14.1
12.7
10.7

6.2
7.4
5.6
6.6
5.4

395
19
227
89
59

23.9
50.0
33.2
16.4
15.1

721
8
208
288
221

43.6
22.1
30.4
53.0
56.7

GWG: gestational weight gain; BMI: body mass index.

health-care-related factors, we found that women with two or more previous
pregnancies showed a lower GWG than primipara women (p < .05). Among the
sociodemographic factors, we found that women with lower education and those
who lived alone tended to have higher GWG, but these results were not statistically
signiﬁcant (Table 3). Women who had fewer than six midwife visits had lower
GWG than those who had more visits (p < .05).
We show the results from our crude and adjusted multinomial logistic
regression models in Table 4. We considered women with a GWG within IOM
recommendations as the reference group. We found that the statistically signiﬁcant
predictors of having a GWG below IOM recommendations were factors such as
age less than 20 years, which was directly associated (RRR D 1.50, 95%
Table 3. Predictors of gestational weight gain.
Variable

Crude beta-coefﬁcient (95% ci)

Age < 20 years
Education < 12 years
Civil status single/divorced/widow
County of residence Puente Alto
Low socioeconomic status of PHCC
Prepregnancy BMI, kg/m2
Underweight, < 18.5
Normal weight, 18.5–25
Overweight, 25–30
Obesity,  30
Height  158 cm
Parity (number of children)
0 (primigesta)
1
2 or more
Midwife prenatal visits, < 6
No referral to dietitian
Crude and adjusted linear regression models.

p < .10; p < .05.

**

Adjusted beta-coefﬁcient (95% ci)

1.94 (1.14, 2.73)
0.38 (¡0.29, 1.05)
1.08 (0.45, 1.71)**
¡0.15 (¡0.90, 0.60)
0.20 (¡0.43, 0.84)

0.70 (¡0.25, 1.65)
0.30 (¡0.43, 1.02)
0.39 (¡0.27, 1.06)
¡0.06 (¡0.99, 0.88)
0.15 (¡0.59, 0.89)

¡0.28 (¡2.44, 1.87)
Ref
¡1.55 (¡2.28, ¡0.82)**
¡3.48(¡4.29, ¡2.67)**
1.04 (0.40, 1.68)**

¡0.50 (¡2.70, 1.70)
Ref
¡1.29 (¡2.04, ¡0.53)**
¡3.10 (¡3.95, ¡2.26)**
0.87 (0.24, 1.50)**

Ref
¡0.67 (¡1.44, 0.93)*
¡1.77 (¡2.59, ¡0.94)**
¡1.03 (¡1.66, ¡0.40)**
¡0.29 (¡1.10, 0.51)

Ref
¡0.34 (¡1.15, 0.47)
¡0.13 (¡2.04, ¡0.21)**
¡0.94 (¡1.62, ¡0.26)**
¡0.64 (¡1.59, 0.21)
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Table 4. Predictors of gestational weight gain below and above of IOM recommendations. Crude
and adjusted multinomial regression models.

Variable
Age < 20 years
Education < 12 years
Civil status single/divorced/widow
County of residence Puente Alto
Low socioeconomic status of PHCC
Prepregnancy BMI, kg/m2
Underweight, < 18.5
Normal weight, 18.5–24.9
Overweight, 25–29.9
Obesity,  30
Height  158 cm
Parity (number of children)
0 (primigesta)
1
2 or more
Midwife prenatal visits, < 6
No referral to dietitian

Below IOM recommendations

Above IOM recommendations

Crude RRR
(95% CI)

Adjusted RRR
(95% CI)

Crude RRR
(95% CI)

Adjusted RRR
(95% CI)

1.39 (0.99, 1.95)*
1.07 (0.81, 1.41)
1.04 (0.80,1.35)
1.08 (0.80, 1.46)
0.95 (0.73, 1.23)

1.50 (1.00, 2.25)*
0.91 (0.67, 1.25)
1.00 (0.75, 1.32)
1.07 (0.72, 1.59)
0.91 (0.67, 1.24)

1.54 (1.14, 2.08)**
1.41 (1.11, 1.80)**
1.21 (0.96, 1.53)*
1.08 (0.83, 1.42)
1.09 (0.87, 1.37)

1.63 (1.13, 2.37)**
1.28 (0.97, 1.69)
1.19 (0.92, 1.53)
1.17 (0.82, 1.68)
0.93 (0.70, 1.23)

1.92 (0.87, 4.25)
Ref
0.65 (0.47, 0.88)**
0.83 (0.59, 1.18)
0.99 (0.77, 1.29)

1.98 (0.85, 4.61)
Ref
0.65 (0.47, 0.90)**
0.86 (0.59, 1.24)**
1.01 (0.77, 1.32)

0.96 (0.37, 2.48)
Ref
2.08 (1.58, 2.72)**
2.41 (1.78, 3.26)**
1.33 (1.06, 1.68)**

0.88 (0.33, 2.37)
Ref
2.31 (1.73, 3.09)**
2.90 (2.08, 4.03)**
1.43 (1.12, 1.82)**

1.0
1.08 (0.85, 1.36)
1.07 (0.65, 1.74)
1.27 (0.98, 1.65)*
1.06 (0.75, 1.50)

1.0
1.20 (0.85, 1.69)
1.59 (1.09, 2.33)**
1.36 (1.01, 1.82)**
0.97 (0.66, 1.42)

1.0
0.94 (0.74, 1.19)
1.11 (0.69, 1.80)
0.78 (0.62, 0.99)**
0.71 (0.53, 0.95)**

1.0
1.01 (0.74, 1.37)
0.96 (0.67, 1.36)
0.78 (0.61, 1.02)*
0.88 (0.63, 1.21)

Models are adjusted by gestational age at delivery.

p < .10; p < .05.

CI [1.00, 2.25]), and excess prepregnancy weight (overweight and obesity), which
was inversely associated (overweight: RRR D 0.65, 95% CI [0.47, 0.90] and obesity:
RRR D 0.86, 95% CI [0.59, 1.24]). Conversely, we observed that excess
prepregnancy weight (overweight and obesity) was directly associated with having
GWG above IOM recommendations (overweight: RRR D 2.31, 95% CI [1.73, 3.09]
and obesity: RRR D 2.90, 95% CI [2.08, 4.03]). We also found that women who
had height greater than 158 cm were also positively correlated with GWG above
IOM recommendations (RRR D 2.31, 95% CI [1.73, 3.09]). Finally, women who
had less than six midwife visits during pregnancy had a higher risk of having a
GWG below IOM recommendations and a lower risk of being above IOM
recommendations.
For sensitivity analysis to remove the effect of prepregnancy BMI on the
dependent variable, we ran three multinomial regression models, one for each
prepregnancy BMI and found similar results, which veriﬁed the results obtained
from the general model (data not shown).

Discussion
In this prospective cohort of pregnant women from a Latin American country with
a rapid nutrition transition, we found that almost 60% of women were overweight/
obese before pregnancy and gained 13 kg on average during pregnancy.
Additionally, we observed that only 32% of women experienced GWG within the
range recommended by the IOM in 2009 (Institute of Medicine & National
Research Council, 2009). While 24% of women had weight gain below the IOM
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recommendation, almost half of the women had weight gain above the IOM guidelines. These numbers are similar to those reported for other Latin populations
(Chasan-Taber et al., 2008; Fraga & Theme Filha, 2014). For example, a study in
Brazil showed that 20% and 50% of women gained below and above the IOM
recommendations for GWG, respectively. Similarly, among Hispanic women in
the United States, a study showed that 22% and 45% of women were below and
above IOM recommendations, respectively (Chasan-Taber et al., 2008; Fraga &
Theme Filha, 2014). On the other hand, Koleilat et al. showed a lower percentage
of GWG below IOM recommendations in Hispanic women in the United States
compared to the percentage we obtained in our study (Koleilat & Whaley, 2013).
In the context of the global obesity epidemic, we think that it is worrisome that
approximately 50% of the women in our cohort experienced GWG above IOM
recommendations, consistent with other results reported in the literature in
culturally diverse populations (Johnson et al., 2015).
Several authors have documented that GWG above IOM recommendations has
short- and long-term implications for the mother as well as the baby (Norman &
Reynolds, 2011; Poston, 2012). For example, this can lead to postpartum weight retention, aggravating the current obesity epidemic, with negative consequences for women’s health and future pregnancies (Amorim, Rossner, Neovius, Lourenco, & Linne,
2007; Ma et al., 2015). Therefore, we believe that it would be recommendable for health
care providers to provide counseling regarding diet and physical activity during pregnancy to help women achieve adequate weight gain and lose extra postpartum weight.
We identiﬁed several factors that are independently associated with higher
GWG and noncompliance with IOM recommendations. First, women who were
overweight and obese before pregnancy gained 1 and 3 kg less than normal
women, respectively. This result is consistent with the results of other researchers
who have shown that GWG is inversely associated with maternal prepregnancy
BMI (Institute of Medicine & National Research Council, 2009). In 53,988
pregnant American women, Chu et al. showed that GWG was lower among obese
women (Chu, Callaghan, Bish, & D’Angelo, 2009). In an analysis of single
pregnancies in Germany, Voight et al. also showed this inverse relationship
between BMI and GWG (Voigt, Straube, Schmidt, Pildner von Steinburg, &
Schneider, 2007). We think that this could be explained by the fact that the energy
status of women prior to conception inﬂuences their metabolic responses during
pregnancy and, therefore, the energy expenditure associated with it. The higher
the maternal weight, the smaller the weight gain, which would explain why the
weight gain in obese pregnant women is lower (Melzer & Schutz, 2010).
On the other hand, we found that excess prepregnancy weight (overweight and
obesity) was the strongest positively associated predictor for GWG above IOM
recommendations; we believe that this result is most likely due to the more restrictive GWG recommendations for the overweight and obese categories compared to
those for normal prepregnancy weight. Our ﬁndings are consistent with those of
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previous studies in other populations (Chasan-Taber et al., 2008; Samura et al.,
2016).
Our study also found that maternal age was positively correlated with higher
GWG; adolescent pregnant women (<20 years old) gained 2 kg more weight on
average than older women. When considering GWG as being compliant or not to
IOM recommendations, adolescents have one and a half times the risk of being
below IOM recommendations and of having GWG above recommendations.
A possible explanation for this behavior could be that IOM recommendations are
tailored for adult populations and might not consider speciﬁc nutritional
requirements for adolescents according their developmental stage (Institute of
Medicine & National Research Council, 2009). Therefore, it would be desirable to
explore speciﬁc GWG recommendations designed for adolescents.
We also observed that the primiparae gained more weight compared to multiparas even after further adjustment by age and prepregnancy BMI. One possible
hypothesis for this ﬁnding is that multiparae, in general, plan their pregnancies
ahead of time and are concerned about weight because of previous experience.
In relation to education, we did not ﬁnd a signiﬁcant difference among women
with different levels of literacy. Although other studies have found that less
educated women are at greater risk of being above GWG recommendations
compared to educated women (Campbell et al., 2016; Koleilat & Whaley, 2013)
due to the lack of access to a healthier diet and physical activity, we did not have a
deﬁnitive conclusion. One possible explanation is the homogeneous nature of the
women in our database regarding education.
We also found that taller women had higher GWG on average, and a higher
percentage of these women had GWG above IOM recommendations, compared to
shorter pregnant women. However, given that IOM recommendations consider a
GWG range according to the initial BMI, this implies that taller women would
gain weight closer to the upper limit of this range, and therefore, it is easier to
surpass this limit. In relation to health care factors, we found that women with
fewer midwife visits had a higher risk of being below GWG recommendations but
a lower risk of being above recommendations. A plausible reason for this could be
that women who experience rapid GWG or any pregnancy-related complication
are monitored more often. However, we think that could be an opportunity to offer
counseling to women to avoid having a GWG above recommendations.
We understand that our study has limitations. First, we did not have information regarding the women’s life style such as diet, physical activity or smoking
habits, which have been shown to be predictors of GWG in other studies (Heery,
Kelleher, Wall, & McAuliffe, 2015; Restall et al., 2014). Additionally, the recorded
pregestational weights in our study were self-reported, which could lead to bias;
however, there is evidence that self-reported and actual weights have good
correlation (Kuczmarski, Kuczmarski, & Najjar, 2001; Tomeo et al., 1999). We
think that one important strength of our study is the fact that this was a longitudinal study in a cohort of women of low and medium socioeconomic levels and that
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the maternal weights at midwife visits and at delivery were measured and obtained
in a prospective manner.
We conclude that strategies for achieving adequate GWG are highly dependent
on the identiﬁcation of modiﬁable risk factors. We believe that women who are
overweight/obese at the beginning of pregnancy should be identiﬁed because of
their higher risk and that adequate strategies should be designed and implemented
to help them achieve a healthy GWG. Additionally, prevention of pregestational
obesity through personalized and public policies is important to avoid further
complications for the mother and offspring during and after pregnancy.
We think that an important insight obtained from our study is that women with
GWG above the IOM recommendations had more midwife visits throughout their
pregnancies. We believe that this ﬁnding indicated an excellent opportunity for the
health care system to offer counseling (diet, physical, or other) to women in order
to avoid excess weight gain and further complications in future pregnancies.
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