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Abstract 

Background  Gestational weight gain (GWG) is a critical factor for maternal and fetal health.

Objective  To identify maternal predictors of inadequate GWG according to the 2009 Institute of Medicine (IOM) 
recommendations and Intergrowth-21st standards.

Methods  A prospective epidemiological cohort study conducted from 2017 to 2023 in southeastern Brazil assessed 
1,557 women at three different stages of pregnancy (≤ 18, 20–26, and 30–36 weeks of gestation) and at delivery. Soci-
odemographic, obstetric, lifestyle, nutritional, and maternal morbidity characteristics were collected, along with bio-
chemical parameters.

Results  Among the participants, 38.7% had GWG above IOM recommendations, while 67.5% had GWG 
above the Intergrowth-21st standards. Multinomial logistic regression analysis showed that women with pre-
pregnancy obesity and women with the highest body fat percentage had, respectively, a 95% (OR = 1.95; 95% CI: 
1.08–3.51) and 1% (OR = 1.01; 95% CI: 1.01–1.05) higher chance of GWG above IOM recommendations. Pregnant 
women in the lowest tertile of height, smokers, number of previous pregnancies, and women living in crowded 
homes had, respectively, a 57% (OR = 0.57; 95% CI: 0.41–0.80), 36% (OR = 0.64; 95% CI: 0.37–0.86), 35% (OR = 0.65; 95% 
CI: 0.43–0.97), and 14% (OR = 0.86; 95% CI: 0.59–0.86) lower chance of GWG above IOM recommendations. Women 
with diabetes were 2.53 times more likely (OR = 2.53; 95% CI: 1.32–4.83) to have GWG below IOM recommendations. 
Using the Intergrowth-21st standards, women with the highest body fat percentage had a 12% (OR = 1.12; 95% CI: 
1.02–1.24) higher chance of GWG above the 90th percentile. Pregnant women in the lowest tertile of height were 2.82 
times more likely (OR = 2.82; 95% CI: 1.08–8.13) and women with the lowest hemoglobin concentrations had a 41% 
lower chance (OR = 0.59; 95% CI: 0.39–0.88) of having GWG below the 10th percentile. While both guidelines identi-
fied body fat percentage and pre-pregnancy obesity as significant predictors of excessive GWG, the Intergrowth-21st 
standards captured a higher percentage of women exceeding GWG limits.

Conclusion  The findings underscore the importance of comparing two instruments for assessing the adequacy 
of GWG. The IOM and Intergrowth-21st standards provide complementary insights, which can help implement 
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targeted interventions for specific groups of women based on their nutritional and socioeconomic status, lifestyle, 
and obstetric factors to prevent pregnancy-related complications.

Keywords  Gestational weight gain, Predictors, Cohort study, IOM recommendations, Intergrowth-21st standards

Introduction
Pregnancy is a period characterized by significant 
changes that have direct implications for fetal health. 
Gestational weight gain (GWG) is essential to ensure the 
well-being of both the mother and the fetus; however, it 
still poses a challenge for many pregnant women because 
of the physical and psychological alterations that occur 
during this period of life [1]. Additionally, in countries 
with persistent social inequalities like Brazil, socioeco-
nomic disparities, for example in income and maternal 
education level, can affect GWG [2–4]. Women with 
lower income levels are more likely to experience inad-
equate GWG, either insufficient or excessive, which can 
lead to adverse maternal and neonatal outcomes [5, 6].

In recent decades, obesity has become more preva-
lent worldwide and also affects women of reproductive 
age [1]. It is estimated that over 21% of women world-
wide will be obese by 2025 [7]. Obesity can significantly 
impact GWG, as obese women are more likely to expe-
rience excessive GWG, which poses further health risks 
for both the mother and the baby [8, 9]. Since they are 
a serious public health threat in low, middle- and high-
income countries, obesity and overweight have become a 
growing concern for health authorities [10].

Inadequate GWG is associated with a range of com-
plications for both the mother and the baby, including 
gestational diabetes, hypertension, and preeclampsia 
[11–13]. Demographic, socioeconomic, biological, die-
tary, psychological, behavioral, and health-related fac-
tors can influence GWG [14–16]. For instance, lower 
socioeconomic status is often associated with inadequate 
GWG, either insufficient or excessive, due to limited 
access to nutritious food and prenatal care. Higher levels 
of psychological stress and certain dietary patterns can 
also lead to excessive GWG. Therefore, understanding 
these factors can help identify women at risk and imple-
ment necessary intervention strategies and public poli-
cies designed to promote adequate GWG and to improve 
maternal and child health [17].

There are few large cohort studies in Brazil that have 
investigated the prevalence of and factors associated with 
GWG [16, 18, 19]. In Pelotas, Rio Grande do Sul state, the 
prevalence of adequate GWG was 30.9%, while 47% of 
women had pre-pregnancy overweight or obesity. There 
was a rapid increase in GWG above the recommended 
level over a period of 30 years, particularly among lower-
income women [18, 19]. In Rio de Janeiro, Rio de Janeiro 

state, 44% of pregnant women had insufficient GWG and 
22% had excessive GWG. Risk factors for insufficient 
GWG included pre-pregnancy underweight, mater-
nal age above 25 years, early menarche, and a history of 
smoking, while risk factors for excessive GWG included 
pre-pregnancy overweight, lower socioeconomic status, 
and high caloric intake [16].

The recommendations of the Institute of Medicine 
(IOM) have been used to classify GWG since the 1990s; 
however, they have limitations since they were based on 
cross-sectional studies of pregnant women exclusively 
from a single country, the United States [20, 21]. It was 
only in 2016 that new international reference curves, the 
Intergrowth-21.st standards, were developed using a mul-
tiethnic cohort of healthy, well-nourished, and educated 
mothers from eight countries, including Brazil. These 
new standards provided a prescriptive reference chart for 
GWG [22]. In 2022, there was also the publication of a 
Brazilian curve, currently adopted by the Brazilian Min-
istry of Health [23, 24].

There are still gaps in knowledge regarding predictors 
of GWG in low- and middle-income countries, particu-
larly when a more representative curve such as Inter-
growth-21st is used. Additionally, given the vast territory 
and existing socioeconomic, cultural, and dietary dispari-
ties in Brazil, conducting studies in different regions is 
crucial to better understand this issue. Therefore, the aim 
of this original study was to identify maternal predictors 
of GWG according to the 2009 IOM recommendations 
and Intergrowth-21st standards in Brazilian pregnant 
women enrolled in a large prospective cohort study.

Materials and methods
Study design and participants
This prospective population-based cohort study con-
ducted from 2017 to 2023 was embedded in an ongo-
ing larger study, called the “Araraquara Cohort Study”. 
The sample included 1,557 women with gestational 
age ≤ 18  weeks who underwent prenatal care at the 34 
Health Units in the city of Araraquara, São Paulo state, 
southeastern Brazil.

The pregnant women were selected by trained inter-
viewers  The participants answered a questionnaire pre-
viously tested in pregnant women, which consisted of 
demographic and socioeconomic characteristics (age, 
race, marital status, and educational level), lifestyle 
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(smoking and alcohol consumption), obstetric (gesta-
tional age and parity), and morbidity characteristics. The 
women attended the municipal maternity of Araraquara 
for ultrasound measurements before 18  weeks of gesta-
tion to confirm their gestational age.

The pregnant women participating in the study were 
followed up at three different stages of pregnancy (≤ 18, 
20–26, and 30–36  weeks of gestation) until the birth 
of their children. Women with twin pregnancies, mis-
carriages, fetal death, and stillbirths were excluded. 
Pregnant women with missing information on height, 
pre-pregnancy weight, and weight at the time of delivery 
were also excluded (Fig. 1). To permit adjustment to the 
Intergrowth-21st standards, only pregnant women with 
a pre-pregnancy body mass index (BMI) within the nor-
mal range (18.5–24.9 kg/m2) and without morbidity were 
included in the study (Table 1 and Fig. 2).

Outcome variables
GWG was calculated as the difference between weight 
at delivery and pre-pregnancy weight. Next, GWG was 

classified into three categories according to the recom-
mendations of the IOM: (a) GWG below IOM recommen-
dations; (b) GWG within IOM recommendations, and (c) 
GWG above IOM recommendations [20] (Table 2). For the 
classification of GWG based on Intergrowth-21st, the ges-
tational age-specific GWG percentile of the international 
GWG standards for women with normal BMI was used, 
which defines a GWG between the 10th and 90th percen-
tile as appropriate. Thus, pregnant women below the 10th 
percentile and above the 90th percentile of the Intergrowth-
21st standards were classified as having insufficient and 
excessive GWG, respectively [22, 25, 26] (Table 1).

Maternal predictors
Several factors were considered for the prediction of 
GWG. Socioeconomic and demographic factors included 
age (≤ 19, 20–35, or > 35  years), educational level (< 4, 
5–11, or ≥ 12  years of schooling), per capita income 
in Brazilian Real (1 US$ = 4.9 R$), race (white or non-
white), marital status (married/stable union or single/
separated/widowed), and number of previous pregnan-
cies (0, 1, or ≥ 2). Lifestyle factors included physical activ-
ity, smoking, and alcohol consumption. Physical activity 
was assessed using the International Physical Activity 
Questionnaire (IPAQ), which is widely used in stud-
ies in Brazil, and was categorized as "yes" or "no" based 
on whether participants met the recommended levels of 
physical activity [27], Alcohol consumption was assessed 

Fig. 1  Selection of the study population according to IOM recommendations

Table 1  Intergrowth-21st standards for GWG​

GWG Percentile Classification GWG (kg)

Below 10th Insufficient 12.5–18

10th—90th Adequate 11.5–16

Above 90th Excessive 7–11.5
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by both frequency and quantity, and was categorized into 
"no consumption", "occasional consumption" (up to once 
a week), and "regular consumption" (more than once a 

week). Morbidity included diabetes, hypertension, uri-
nary tract infection, and cervicitis/vaginitis.

Anthropometry of the pregnant women was assessed 
based on height (cm) categorized into tertiles; BMI cat-
egories were defined according to the World Health 
Organization (WHO) classification as follows: under-
weight (< 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), 
overweight (25.0–29.9  kg/m2), and obesity (≥ 30.0  kg/
m2); arm circumference (cm) categorized as low weight 
(< 23  cm), adequate (25–28  cm), and overweight or 
obesity (≥ 28  cm), and body fat percentage. Other rel-
evant data included gestational age at birth, glycemic 
profile (fasting blood glucose [mg/dL], insulin [µIU/
mL], HOMA [µIU/mL], glycated hemoglobin [%]), 

Fig. 2  Selection of the study population according to Intergrowth-21st standards

Table 2  IOM recommendations for GWG [20]

BMI body mass index, GWG gestational weight gain

Nutritional status Pre-pregnancy BMI (kg/
m2)

GWG (kg)

Underweight  < 18.5 12.5–18
Normal weight 18.5–24.9 11.5–16
Overweight 25–29.9 7–11.5
Obesity  ≥ 30.0 5–9
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high-sensitivity C-reactive protein (hs-CRP [ng/mL]), 
hemoglobin [g/dL], and lipid profile (total cholesterol, 
LDL-c, HDL-c, and triglycerides [mg/dL]). Additionally, 
the number of household members per room was cat-
egorized into tertiles, with the highest tertile defined as 
"crowded," and the number of previous pregnancies was 
categorized as 0, 1, and ≥ 2.

Statistical analysis
Descriptive statistics was used for description of the 
sample. The Shapiro–Wilk test was applied to assess the 
normality of continuous variables. Continuous variables 
with a non-normal distribution were reported as median 
and interquartile range, while categorical variables were 
expressed as number (n) and percentage (%).

Bivariate analysis was performed to examine the asso-
ciations between the independent variables and the 
dependent variable. The Kruskal–Wallis test was used for 
continuous variables, while the chi-square test or Fish-
er’s exact test was applied to categorical variables. Data 
modeling was performed by multinomial logistic regres-
sion, which allows the analysis of associations between 
multiple independent variables and a dependent variable 
with three or more ordered categories, as is the case of 
the GWG adequacy categories according to IOM recom-
mendations or Intergrowth-21st standards [25, 28]. The 
models were adjusted using a stepwise strategy, which is 
an iterative method that selects and removes independ-
ent variables based on statistical criteria. Variables with 
p < 0.2 were maintained in the model. For the adjust-
ment process, variables predicted in the initial theoretical 
model were considered along with other potentially rele-
vant variables identified in a literature review. The results 
were expressed as the following measures of association: 
odds ratio (OR) and 95% confidence interval (CI). All 
analyses were performed using R version 4.1.0 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Results
A total of 1,557 pregnant women were included in this 
study. Of these, 447 (28.7%), 506 (32.5%) and 604 (38.7%) 
had weight gain within, below and above the 2009 IOM 
recommendations, respectively. On the other hand, 
among 569 pregnant women with normal pre-pregnancy 
BMI, 81 (14.2%), 104 (18.3%) and 384 (67.5%) had weight 
gain within, below and above the Intergrowth-21st stand-
ards (Tables 3 and 4).

Maternal characteristics associated with GWG according 
to IOM recommendations
Maternal height was significantly associated with GWG 
(p = 0.003), with the highest weight gain being observed 

in the upper tertile (> 66.6%) of height. Pre-pregnancy 
BMI was also significantly associated with GWG 
(p < 0.001), with overweight and obese pregnant women 
showing GWG. Similarly, arm circumference, body fat 
percentage, maternal education, number of individuals 
per room, and per capita income were all significantly 
associated with GWG (p < 0.001) (Table 3).

Regarding lifestyle factors, smoking was significantly 
associated with GWG (p < 0.001), while physical activ-
ity or alcohol consumption showed no significant asso-
ciation (p = 0.951 and p = 0.885, respectively). Pregnant 
women with diabetes had lower GWG compared to 
those without diabetes (p < 0.001). However, no signifi-
cant differences were observed for hypertension, uri-
nary tract infection, cervicitis/vaginitis, or number of 
previous pregnancies. Finally, hemoglobin and HDL-c 
were significantly associated with GWG (p = 0.002 
and p = 0.012, respectively), but no significant associa-
tions were found for hs-CRP, HOMA, glycated hemo-
globin, fasting insulin, total cholesterol, LDL-c, or 
triglycerides.

Maternal characteristics associated with GWG according 
to Intergrowth‑21st standards
Maternal age was not significantly associated with 
GWG (p = 0.292). Similarly, no significant associa-
tion with GWG was found for pre-pregnancy BMI, 
per capita income, race, marital status, physical activ-
ity, smoking, alcohol consumption, number of previous 
pregnancies, hs-CRP, HOMA, LDL-c, HDL-c, or total 
cholesterol levels (Table 5).

On the other hand, maternal height was found to be 
significantly associated with GWG (p = 0.034), with the 
highest weight gain being observed in the lowest ter-
tile (< 33.3%) of height. The highest arm circumference 
(p = 0.007) and body fat percentage (p < 0.001) were also 
significantly associated with GWG​.

Predictors of GWG according to IOM recommendations
Adjusted multinomial logistic regression analysis 
showed that women with a pre-pregnancy BMI indi-
cating obesity and women with the highest body fat 
percentage had, respectively, a 95% (OR = 1.95; 95% 
CI: 1.08–3.51) and 1% (OR = 1.01; 95% CI: 1.01–1.05) 
higher chance of GWG above IOM recommendations 
(Table  4). Pregnant women in the lowest tertile of 
height, smokers, women with ≥ 2 previous pregnancies, 
and women living in crowded homes had, respectively, 
a 43% (OR = 0.57; 95% CI: 0.41–0.80), 36% (OR = 0.64; 
95% CI: 0.37–0.86), 35% (OR = 0.65; 95% CI: 0.43–0.97), 
and 14% (OR = 0.86; 95% CI: 0.59–1.26) lower chance of 
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Table 3  Maternal characteristics associated with gestational weight gain, in relation to IOM recommendations

Variables Gestational Weight Gain (IOM-2019) Pvalue

Within Below Above

Overall 447(28.7) 506(32.5) 604(38.7)

Age (years)
  ≤ 19 154(9.9) 47(3.02) 51(3.28) 56(3.6) 0.531

  20–35 1189(76.4) 346(22.22) 389(25) 454(29.16)

  > 35 214(13.7) 54(3.47) 66(4.24) 94(6.04)

Height(cm)
  1º tertile 534(34.34) 167(10.73) 187(12.03) 180(11.57) 0.003

  2º tertile 505(32.48) 146(9.39) 170(10.93) 189(12.15)

  3º tertile 516(33.18) 134(8.62) 147(9.45) 235(15.11)

Pre-gestational BMI (kg /m2) 25.6(22.2–30.2) 25(21.3–28.6) 24.8(21.8–30.2) 26.8(23.2–31.2)  < 0.001

Pre-gestational BMI
  Underweight 89(5.7) 29(1.86) 38(2.44) 22(1.41)  < 0.001

  Normal weight 604(38.8) 194(12.46) 226(14.52) 184(11.82)

  Overweight 456(29.3) 139(8.93) 109(7) 208(13.36)

  Obesity 408(26.2) 85(5.46) 133(8.54) 190(12.2)

Arm circumference(cm)
  < 23 67(4.37) 23(1.50) 29(1.90 15(0.89)  < 0.001

  23–28 474(31) 147(9.61) 190(12.42) 137(8.95)

  > 28 989(64.64 264(17.25) 283(18.50) 442(28.89)

Body fat (%) 33.3(28.3–37.8) 32.3(26.9–36.6) 32.3(26.6–37) 34.7(30.3–39.1)  < 0.001

Gestational age (weeks) 39.4(38.5–40.3) 39.4(38.7–40.3) 39.2(38.1–40.1) 39.7(38.9–40.4)

Maternal education (years)
  ≤ 4 10(0.6) 1(0.06) 5(0.32) 4(0.26)  < 0.001

  5–11 1181(75.9) 342(21.97) 389(24.98) 450(28.9)

  ≥ 12 365(23.5) 104(6.68) 111(7.13) 150(9.63)

Number of people per room
  1º tertile 533(34.25) 143(9.19) 150(9.64) 240(15.42) 0.004

  2º tertile 511(32.84) 153(9.83) 169(10.86) 189(12.15)

  3º tertile 512(33.90) 151(9.70) 187(12.02) 174(11.18)

Per capita income (R$) 666.7(400–1000) 665.9(400–970) 600(382.4–1000) 668(466.6–1000) 0.002

Race
  White 722(46.3) 208(13.36) 223(14.32) 291(18.69) 0.392

  Non-white 835(53.6) 239(15.35) 283(18.18) 313(20.1)

Marital status
  Married or in a stable relationship 1359(87.3) 388(24.93) 441(28.32) 530(34.04) 0.896

  Single, separated, or widowed 198(12.7) 59(3.79) 65(4.17) 74(4.75)

Physical activity
  Adequate 175(11.2) 50(3.21) 59(3.794) 66(4.24) 0.951

  Inadequate 524(33.7) 156(10.02) 172(11.05) 196(12.59)

Smoking
  No 1434(92.1) 409(26.27) 449(28.84) 576(36.99)  < 0.001

  Yes 123(7.9) 38(2.44) 57(3.66) 28(1.8)

Alcohol consumption
  No 1238(79.5) 353(22.67) 401(25.75) 482(30.96) 0.885

  Yes 319(20.5) 94(6.04) 105(6.74) 120(7.71)

Diabetes
  No 1479(95,0) 429(27.55) 459(29.48) 591(37.96)  < 0.001

  Yes 78(5) 18(1.16) 47(3.02) 13(0.83)
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GWG above IOM recommendations compared to those 
not in these categories (Table 4).

Predictors of GWG according to Intergrowth‑21st 
standards
Women with the highest body fat percentage had a 12% 
(OR = 1.12; 95% CI: 1.02–1.24) higher chance of GWG 
above the 90th percentile. Pregnant women in the lowest 
tertile of height were 2.82 times more likely (OR = 2.82; 
95% CI: 1.08–8.13) to have GWG below the 10th percen-
tile. Additionally, women with the lowest hemoglobin 
concentrations had a 41% lower chance (OR = 0.59; 95% 
CI: 0.39–0.88) of GWG below the 10th percentile, as also 
shown in Table 6.

Discussion
The results of this study highlight the importance of ana-
lyzing the predictors of GWG using different reference 
standards, such as the IOM recommendations and the 
Intergrowth-21st standards. It was observed that, when 
using the Intergrowth-21st standards, a higher propor-
tion of women were classified as having GWG above the 
90th percentile compared to the IOM recommendations. 
This underscores the relevance of considering multiple 
instruments when assessing GWG adequacy, as different 
references can result in different classifications.

These findings corroborate those reported by Jin et al. 
(19) who compared the IOM recommendations, Inter-
growth-21st standards and a local reference curve for 

Data are presented as number (percentage) and median and interquartile range (percentile 25—percentile 75)

Statistical differences among gestational weight gain groups were tested with: Kruskal–Wallis test for continuous variables and χ2 test, Fisher’s test for categorical 
variables

1 Brazilian Real (R$) ₌ 4.9 US$

Abbreviations: BMI body mass index, LDL-c low density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol. 1º tertile: < 33.3%, 2º tertile: ≥ 33.3%; ≤ 66.6% 
and 3º tertile: ≥ 66.6%

Table 3  (continued)

Variables Gestational Weight Gain (IOM-2019) Pvalue

Within Below Above

Overall 447(28.7) 506(32.5) 604(38.7)

Hypertension
  No 1448(93) 420(26.97) 470(30.19) 558(35.84) 0.608

  Yes 109(7) 27(1.73) 36(2.31) 46(2.95)

Urinary Tract Infection
  No 1378(88.5) 400(25.69) 448(28.77) 530(34.04) 0.682

  Yes 179(11.5) 47(3.02) 58(3.73) 74(4.75)

Cervicitis/Vaginitis
  No 1449(93.1) 410(26.33) 472(30.31) 567(36.42) 0.3873

  Yes 108(7) 37(2.38) 34(2.18) 37(2.38)

Number of previous pregnancies
  0 620(39.8) 169(10.85) 180(11.56) 271(17.41) 0.025

  1 439(28.2) 136(8.73) 145(9.31) 158(10.15)

  ≥ 2 498(32) 142(9.12) 181(11.62) 175(11.24)

hs-CRP (ng/mL) 5.9(3.1–11.7) 5.1(3–10) 6.1(3.2–11.9) 6.5(3.0–12.6) 0.137

HOMA (uUI/mL) 1.36(0.9–2.1) 1.4(0.9–2.1) 1.3(0.99–2.1) 1.42(1–2.2) 0.094

Hemoglobin (g/dL) 12.5(12–13.1) 12.6(11.9–13.1) 12.4(11.8–13) 12.6(121–13.2) 0.002

Glycated hemoglobin %, 5.1(4.9–5.3) 5.1(4.9–5.3) 5.1(4.9–5.3) 5(4.8–5.3) 0.059

Fasting insulin (uUI/mL) 7(5–11) 7(5–11) 7(5–10) 7(5–11) 0.066

Cholesterol (mg/dL) 173(151–196) 172(152–196) 172(149–194) 174(152–198) 0.526

HDL-c (mg/dL) 56(48 -64) 56(49–64) 55(47 -62) 56(49 -65) 0.012

LDL-c(mg/dL) 95(77 -113) 94(79 -111) 94(76 -112) 96(77 -115) 0.639

Triglycerides (mg/dL) 104(81–133) 104(80–134) 106(85–137) 100(80–129) 0.13
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Table 4  Maternal characteristics associated with gestational weight gain, according to Intergrowth-21st Standards

Variables Gestational Weight Gain-Intergrowth-21st Standards Pvalue

Overall Within Below Above

81(14.2) 104 (18.3) 384 (67.5)

Age (years)
  ≤ 19 86(15.1) 11(1.9) 23 (4.0) 52(9.1) 0.292

  20–35 422(74.2) 61(10.7) 70(12.3) 291 1.4)

  > 35 61(10.7) 9(3.9) 11(3.5) 41(3.3)

Height(cm)
  1º tertile 192(33.8) 19(3.3) 42(7.4) 131 (23.0) 0.034

  2º tertile 197(34.7) 29 (5.1) 40(7.0) 128(22.5)

  3º tertile 179(31.5) 33(5.8) 22(3.9) 124(21.8)

Pre-gestational BMI (kg /m2) 22.1(20.5–23.5) 22.2(20.7–23.5) 22.3(20.3–23.7) 22.0(20.3–23.4) 0.08

Arm circumference (cm) 26.5(20–28) 26.5(25–28) 26(24.5–27.5) 27.2(25.7–28.5) 0.007

Body fat (%) 28.4(25.3–31.3) 29(26.4–32.2) 27.70(25.5–30.3) 28.4(25.2–31.1)  < 0.001

Gestational age (weeks) 39.6(38.6–40.3) 39.7(38.5–40.6) 39.0(38.1–38.5) 39.7(38.5–40.3)  < 0.001

Maternal education (years)
  < 12 478 (74.8) 67(11.8) 88(15.5) 323(56.8) 0.935

  ≥ 12 91(25.6) 14(2.5) 16(2.8) 61(10.7)

Number of people per room
  1º tertile 217(38.2) 35(6.1) 40(7.04) 142(25) 0.649

  2º tertile 171(30.1) 24(4.2) 27(4.8) 120(25.1)

  3º tertile 180(31.7) 22(3.9) 37(6.5) 121(21.3)

Per capita income (R$) 666.7(425.3–1000) 687.5(447.5–1200) 625(400–1000) 700(433.3–1000) 0.125

Race
  White 245(43.1) 34 (5.9) 176 (8.3) 161(28.8) 0.42

  Non-white 324(56.9) 47(8.2) 25(10.0) 20(36.7)

Marital status
  Married or in a stable relationship 503(88.4) 73(12.8) 90(15.8) 340(59.6) 0.743

  Single, separated, or widowed 66(11.6) 8(1.4) 14(2.5) 44(7.7)

Physical activity
  Adequate 59(23.9) 5(2.0) 8(3.3) 46(18.7) 0.413

  Inadequate 187(76.0) 23(9.3) 35(14.2) 129(52.4)

Smoking
  No 529(92.9) 77(13.5) 97(17.0) 355(62.4) 0.698

  Yes 40 (7.0) 4(0.7) 7(1.2) 29(5.1)

Alcohol consumption
  No 456(80.2) 69(12.1) 83(146) 304(53.4) 0.465

  Yes 113(19.8) 12(2.1) 21(3.7) 80(14.1)

Number of previous pregnancies
  0 272(47.8) 47(8.3) 43(7.6) 182(32.0) 0.071

  1 159(27.9) 13(2.3) 36(6.3) 110(19.3)

  ≥ 2 138 (24.3) 21(3.7) 25(4.4) 92(16.2)

hs-CRP (ng/mL) 4.2(2.3- 7.2) 3.8(2.3- 8.2) 4.5(2.8- 7.3) 4.3 (2.1- 7.1) 0.641

HOMA (uUI/mL) 1.0(0.8–1.4) 1.1(0.8–1.4) 1.0(0.8–1.5) 1.1(0.7–1.4) 0.918

Hemoglobin (g/dL) 12.4(11.8–13.0) 12.5(12–13.3) 12.1(11.6–12.8) 12.5(11.8–13.0) 0.01

Glycated hemoglobin %, 5(4.8–5.2) 5.0(4.9–5.2) 5.1(4.7–5.3) 5.0 (4.8–5.2) 0.25

Fasting insulin (uUI/mL) 5(4–7) 6(4–8) 5(4–8) 5(4–7) 0.703

Cholesterol (mg/dL) 170(150.8–191) 169(154–187.5) 169(148–192) 172(149–194) 0.645

HDL-c (mg/dL) 58(51–67) 58(52–66) 58.5(48–70) 57.5(51–66) 0.124

LDL-c (mg/dL) 91(76 -107) 92(74 -106) 88(73 -106) 91(77 -107) 0.852



Page 9 of 15Victor et al. BMC Pregnancy and Childbirth          (2024) 24:579 	

GWG and their impact on the risk of gestational diabe-
tes. The results showed that the use of Intergrowth-21st 
classified a higher proportion of women as having GWG 
above the 90th percentile [26].

The use of different instruments allows us to observe 
GWG in a more in-depth manner. For instance, the IOM 
recommendations have some limitations, including the 
fact that they are based on a specific population from the 
United States and rely on cross-sectional studies, limiting 
their applicability [20]. The Intergrowth-21st standards 
uses a multiethnic cohort of healthy mothers from eight 
countries, including Brazil, and provide a useful reference 
for assessing appropriate GWG [22]. This highlights the 
importance of considering the differences between exist-
ing instruments when interpreting the results.

According to the IOM recommendations, the predic-
tors of GWG were height, pre-pregnancy obesity, body 
fat percentage, diabetes, smoking, number of individu-
als per room, and number of previous pregnancies. The 
predictors of GWG based on the Intergrowth-21st stand-
ards were height, body fat percentage, and hemoglobin. 
Comparing the two instruments, both height and body 
fat percentage had an impact on GWG.

Our results are consistent with studies conducted in 
Brazil that used the IOM recommendations [16, 18, 19, 
29]. A study with pregnant women from the Pelotas 
cohort showed a prevalence of adequate GWG of 30.9%, 
with 47% of women being overweight or obese before 
pregnancy [18]. Another study involving the same cohort 
revealed a rapid increase in the prevalence of GWG 
above the recommended range among lower-income 
women over a period of 30 years (1982–2015). The preva-
lence of insufficient GWG ranged from 41% in 1982 to 
30.8% in 2015, while the prevalence of excessive GWG 
ranged from 24.6% to 35.7% over the same period in a 
sample of 19,931 women [19]. A study conducted in Mar-
ingá, Paraná state, Brazil, found a prevalence of excessive 
GWG of 38.3% among 462 pregnant women [29]. Simi-
lar findings have been reported in the study by Rodrigues 

et al. [16] on 173 pregnant women from Rio de Janeiro, 
Brazil; 44% had insufficient GWG and 22% had excessive 
GWG. Deputy et al. [17] also found a high prevalence of 
inadequate GWG (68%) among 44,421 pregnant women 
living in Switzerland.

The height of the pregnant women was significantly 
associated with GWG. The tallest women had a higher 
risk of exceeding the IOM recommendations and Inter-
growth-21st standard for GWG, while they were less 
likely to fall below these guidelines. This finding is con-
sistent with the study by Chiavaroli et  al. [30] that ana-
lyzed data from over 1 million pregnant women in the 
United States and found a positive association between 
maternal height and excessive GWG. Similarly, other 
studies also showed a positive relationship between 
maternal height and GWG [19, 31]. Height can influ-
ence a woman’s ability to accommodate fetal growth and 
the available space for weight gain during pregnancy [32, 
33]. BMI showed significant associations with GWG. 
Obese women were more likely to exceed the IOM rec-
ommendations for GWG. These findings are consistent 
with Siega-Riz et  al. [34] who found that obese women 
were more likely to exceed the IOM recommendations 
for GWG compared to women with normal BMI. Simi-
larly, a systematic review and meta-analysis conducted 
by Voerman et al. [35], which investigated the impact of 
maternal BMI and GWG on pregnancy complications 
in European, North American, and Australian cohorts, 
also reported that obese women had a higher risk of 
excessive GWG. The review included several studies and 
concluded that pre-pregnancy obesity was consistently 
associated with increased GWG. Other studies from low- 
and middle-income countries also found this relation-
ship between BMI and GWG [31, 32, 36]. The nutritional 
status of women before conception is reflected by their 
pre-pregnancy weight, which can affect their weight gain 
needs during pregnancy [37–39].

Women with two or more previous pregnancies had 
a lower risk of exceeding the IOM recommendations 

Data are presented as number (percentage) and median and interquartile range (percentile 25—percentile 75)

Statistical differences among gestational weight gain groups were tested with: Kruskal–Wallis test for continuous variables and χ2 test, Fisher’s test for categorical 
variables

1 Brazilian Real (R$) ₌ 4.9US$

Abbreviations: BMI body mass index, LDL-c low density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol. 1º tertile: < 33.3%, 2º tertile: ≥ 33.3%; ≤ 66.6% 
and 3º tertile: ≥ 66.6%

Table 4  (continued)

Variables Gestational Weight Gain-Intergrowth-21st Standards Pvalue

Overall Within Below Above

81(14.2) 104 (18.3) 384 (67.5)

Triglycerides (mg/dL) 99(80–118) 95(82.5–115) 102(82.3–116) 98(77–119) 0.654
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Table 5  Crude and adjusted multinomial logistic regression models to assess predictors of GWG, according to the IOM 
recommendations

Variables Gestational Weight Gain (IOM-2019)

Below Above Below Above Below Above

Crude Model Adjusted Model A Final Adjusted Model

OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%)

Age (year)
  20–35 1 1 1 1 1 1

  ≤ 19 0.97 (0.63—1.47) 0.91(0.6—1.37) 0.79 (0.32–1.90) 1.14 (0.50–2.59) 0.96 (0.57–1.63) 1.09 (0.65–1.83)

  > 35 1.09 (0.74—1.6) 1.33(0.92—1.91) 1.16 (0.58–2.33) 1.21 (0.61–2.41) 0.99 (0.63–1.55) 1.22 (0.80–1.87)

Height (cm)
  3º tertile 1 1 1 1 1 1

  1º tertile 1.02(0.75—1.4) 0.61(0.46—0.83) 1.65 (0.95–2.87) 0.90 (0.53–1.53) 0.97 (0.68–1.39) 0.57 (0.41–0.80)

  2º tertile 1.06(0.77—1.46) 0.74(0.55—1) 1.38 (0.79–2.40) 1.01 (0.60–1.72) 1.02 (0.71–1.47) 0.78 (0.55–1.09)

Pre-gestational BMI (kg /m2)
  Normal weight 1 1 1 1 1 1

  Underweight 1.12 (0.67–1.89) 0.80 (0.44–1.44) 1.91 (0.55–6.60) 2.40 (0.61–9.41) 0.86 (0.41–1.78) 1.26 (0.57–2.80)

  Overweight 0.67 (0.49–0.92) 1.58 (1.18–2.12) 0.73 (0.36–1.49) 1.42 (0.72–2.82) 0.84 (0.52–1.36) 1.26 (0.81–1.96)

  Obesity 1.34 (0.96–1.87) 2.36 (1.70–3.26) 1.34 (0.55–3.28) 1.92 (0.80–4.57) 1.94 (1.05–3.59) 1.95 (1.08–3.51)

Arm circumference (cm)
  23–28 1 1 1 1 1 1

  < 23 0.98(0.54—1.76) 0.7(0.35—1.4) 0.40 (0.10–1.64 0.39 (0.08–1.83) 0.92 (0.41–2.07) 0.54 (0.21–1.37)

  > 28 1.8(1.36—2.37) 0.83(0.63—1.09) 0.72 (0.36–1.44) 1.30 (0.63–2.66) 0.79 (0.50–1.26) 1.12 (0.70–1.78)

Body fat % 1.00 (0.98–1.02) 1.05 (1.03–1.07) 1.00 (0.94–1.05) 1.03 (1.01–1.09) 0.98 (0.95–1.02) 1.01 (1.01–1.05)

Gestational age (weeks) 0.89 (0.84–0.95) 1.05 (0.98–1.12) 0.87 (0.80–0.94) 1.11 (1.01–1.22) 0.90 (0.84–0.96) 1.06 (0.98–1.14)

Maternal education (years)
  ≥ 12 1 1 1 1 1 1

  ≤ 4 4.68 (0.54–40.77) 1.07 (0.79–1.44) 1.63 (0.12–22.19) 1.75 (0.13–23.46) 3.47 (0.37–32.83) 2.93 (0.30–28.74)

  5–11 2.77 (0.31–25.17) 0.91 (0.68–1.22) 0.62 (0.34–1.13) 0.89 (0.49–1.63) 0.88 (0.61–1.28) 1.01 (0.71–1.45)

Number of people per room
  1º tertile 1 1 1 1 1 1

  2º tertile 0.85(0.62—1.16) 1.46(1.08—1.97) 0.97 (0.54–1.74) 1.08 (0.62–1.89) 1.13 (0.78–1.64) 0.88 (0.62–1.25)

  3º tertile 0.89(0.66—1.21) 1.07(0.79—1.45) 1.13 (0.62–2.08) 0.91 (0.50–1.65) 1.31 (0.89–1.94) 0.86 (0.59–0.86)

Race
  White 1 1 1 1

  Non-white 1.10 (0.86–1.43) 0.94 (0.73–1.20) 0.92 (0.59–1.46) 0.96 (0.61–1.50)

Marital status
  Married or in a stable relationship 1 1 1 1

  Single, separated, or widowed 0.93 (0.61–1.44) 0.95 (0.62–1.45) 0.82 (0.41–1.66) 0.72 (0.36–1.46)

Physical activity
  Adequate 1 1 1 1 1 1

  Inadequate (0.60—1.44) (0.623—1.454) 0.86 (0.51–1.45) 0.79 (0.48–1.32) 0.94 (0.60–1.60) 0.97 (0.56–1.34)

Smoking 1.37 (0.89–2.10) 0.52 (0.32–0.87) 1.28 (0.63–2.59) 0.55 (0.24–1.25) 1.35 (0.83–2.20) 0.64 (0.37–0.86)

Alcohol consumption 0.98 (0.72–1.34) 0.93 (0.69–1.26) 0.92 (0.55–1.54) 0.91 (0.54–1.52)

Diabetes 2.44 (1.40–4.27) 0.52 (0.25–1.08) 2.80 (0.94–8.32) 0.26 (0.05–1.45) 2.53 (1.32–4.83) 0.40 (0.16–1.99)

Hypertension 1.19 (0.71–2.00) 1.28 (0.78–2.10) 0.67 (0.26–1.75) 1.37 (0.56–3.36) 0.72 (0.39–1.32) 0.86 (0.48–1.54)

Urinary Tract Infection 1.10 (0.73–1.66) 1.19 (0.81–1.75) 0.76 (0.39–1.48) 1.33 (0.71–2.49)

Cervicitis/Vaginitis 0.80 (0.49–1.30) 0.72 (0.45–1.16) 1.25 (0.47–3.38) 1.43 (0.52–3.93

Number of previous pregnancies
  0 1 1 1 1 1 1

  1 1.00 (0.73–1.37) 0.72 (0.54–0.98) 1.04 (0.58–1.87) 0.70 (0.39–1.24) 0.83 (0.55–1.25) 0.69 (0.48–1.00)
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for GWG. These findings suggest that prior pregnancy 
experience may influence women’s ability to control their 
weight gain during this period. One possible explana-
tion is that women with previous pregnancies may be 
more aware of the importance of maintaining appropri-
ate weight gain during pregnancy. They may have learned 
from their previous experiences and adopted healthier 
behaviors.

Pregnant women living in more crowded environments 
had a lower chance of GWG above the IOM recommen-
dations compared to those living in less crowded homes. 
This finding may be attributed to the fact that crowded 
environments are an indicator of unfavorable socio-
economic conditions and limited access to healthcare 
resources. These factors can negatively affect the diet 
and lifestyle of pregnant women, resulting in lower GWG 
[40]. Studies have shown that socioeconomic status is 
associated with GWG [31, 41, 42].

Among the other significant risk factors investigated, 
arm circumference and body fat percentage were posi-
tively associated with GWG, indicating that women with 
higher adiposity may have higher weight gain during 
pregnancy. These findings suggest that maternal nutri-
tional status may be a determinant of GWG. Further-
more, hemoglobin concentrations may reflect maternal 
nutritional status and overall health, which can poten-
tially affect GWG. These findings suggest a possible rela-
tionship between maternal health and appropriate GWG. 
However, further research is needed to better understand 
this association and its implications.

Lastly, the presence of diabetes was associated with a 
higher risk of falling below the GWG recommendations, 
contradicting previous studies that associated gestational 
diabetes with excessive weight gain during pregnancy 
[43–45]. However, these findings are consistent with 
other studies that have shown a higher prevalence of dia-
betes or abnormal results in the oral glucose tolerance 
test among overweight and obese women who gained less 
than 5 kg compared to those who gained more than 5 kg 
[46]. Furthermore, a cohort study involving 2,842 preg-
nant women with diabetes found inadequate GWG to be 
common, with most participants (50.3%) experiencing 
insufficient weight gain, followed by adequate (31.6%) 
and excessive weight gain (18.1%) [47]. This finding can 
be explained by the need for dietary restriction to con-
trol glucose levels, frequent weight monitoring, and the 
specialized support received by women with gestational 
diabetes [17, 48, 49]. The risk of ketogenesis, especially 
in cases of evident hyperglycemia and/or weight loss, is 
negatively associated with neurocognitive development 
in children born to mothers with pre-existing diabetes or 
gestational diabetes [50].

In summary, the findings of this original study provide 
important insights into the factors associated with GWG 
and showed that several predictors of inadequate GWG 
in Brazil were similar to those of high-income countries. 
We highlight the need for further research on GWG in 
different populations and contexts, especially low- and 
middle-income countries, in order to determine the 
influence of specific factors in other regions of the world 

Crude Model: the association between each predictor variable and the outcome of interest (GWG)

Adjusted Model A: all predictor variables were adjusted for optimal prediction of GWG, considering their respective strengths

Final Adjusted Model: significant and relevant variables were included based on the theoretical model

1º tertile: < 33.3%, 2º tertile: ≥ 33.3%; ≤ 66.6% and 3º tertile: ≥ 66.6%

Abbreviations: GWG gestational weight gain, BMI body mass index, LDL-c low density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol, CI confidence 
interval, OR odds ratio

Table 5  (continued)

Variables Gestational Weight Gain (IOM-2019)

Below Above Below Above Below Above

Crude Model Adjusted Model A Final Adjusted Model

OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%)

  ≥ 2 1.20 (0.88–1.62) 0.77 (0.57–1.03) 0.94 (0.49–1.81) 0.60 (0.32–1.15) 0.83 (0.57–1.25) 0.65 (0.43–0.97)

hs-CRP (ng/mL) 1.01 (0.99–1.02) 1.01 (0.99–1.02) 1.00 (0.98–1.03) 1.00 (0.98–1.03)

HOMA (uUI/mL) 1.02 (0.93–1.13) 1.03 (0.94–1.13) 0.88 (0.42–1.84) 0.60 (0.25–1.40)

Hemoglobin (mg/dL) 0.86 (0.75–0.99 1.12 (0.97–1.29) 0.76 (0.62–0.94) 1.01 (0.80–1.25) 0.87 (0.75–1.01) 1.05 (0.91–1.22)

Glycated hemoglobin % 1.01 (0.74–1.40) 0.88 (0.64–1.21) 0.82 (0.50–1.35) 1.22 (0.73–2.03)

Fasting insulin (uUI/mL) 1.00 (0.98–1.03) 1.01 (0.99–1.03) 1.04 (0.87–1.23) 1.12 (0.93–1.35) 1.00 (0.97–1.02) 0.99 (0.96–1.01)

Cholesterol (mg/dL) 1.00 (0.99–1.00) 1.00 (1.00–1.00) 1.00 (0.97–1.03) 0.97 (0.94–1.00)

HDL-c (mg/dL) 0.99 (0.98–1.01) 1.01 (1.00–1.02) 0.99 (0.96–1.03) 1.05 (1.01–1.08) 1.00 (0.98–1.01) 1.01 (1.00–1.02)

LDL-c (mg/dL) 1.00 (0.99–1.00) 1.00 (1.00–1.01) 1.01 (0.97–1.04) 1.03 (0.99–1.06) 1.00 (0.99–1.00) 1.00 (0.99–1.00)
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Table 6  Crude and adjusted multinomial logistic regression models to assess predictors of GWG, according to Intergrowth-21st 
Standards

Variables Gestational Weight Gain- Intergrowth-21st Standards

Below Above Below Above Below Above

Crude Model Adjusted Model A Final Adjusted Model

OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%) OR (IC95%)

Age (year)

  20–35 1 1 1 1 1 1

  ≤ 19 1.82 (0.82—4.04) 0.99 (0.49—2.01) 1.78(0.82—3.04) 1.40 (0.35–5.65) 1.10 (0.30–4.12) 1.44 (0.39–5.28)

  > 35 1.07 (0.41—2.74) 0.95 (0.44—2.07) 4.13 (0.60–28.24) 0.43 (0.10–1.74) 0.85 (0.28–2.62) 0.52 (0.15–1.84)

Height (cm)

  3º tertile 1 1 1 1 1 1

  1º tertile 3.32 (1.54—7.12) 1.83 (0.99—3.4) 3.12 (1.75–9.62) 2.68 (0.73–9.90) 2.82 (1.08–8.13) 0.74 (0.26–2.12)

  2º tertile 2.07 (1.01—4.25) 1.17 (0.67—2.05) 2.68 (0.49–14.57) 1.96 (0.53–7.25) 1.58 (0.63–3.97) 0.90 (0.35–2.33)

Arm Circumference (cm)

  23–28 1 1 1 1 1 1

  < 23 1.35 (0.24—7.66) 1.16 (0.25—5.36) 1.22 (0.82—6.0) 0.84 (0.03–23.30) 1.74 (0.11–2.19) 0.95 (0.04–21.15)

  > 28 0.58 (0.31—1.11) 0.7 (0.42—1.17) 1.01 (0.23–4.44) 0.51 (0.15–1.68) 1.20 (0.46–3.15 1.81 (0.69–4.77)

Body fat (%) 0.81 (0.69–0.94) 0.97 (0.84–1.12) 0.88 (0.74–1.04) 0.91 (0.79–1.05) 0.99 (0.90–1.08) 1.12 (1.02–1.24)

Gestational age (weeks) 0.79 (0.70–0.89) 1.07 (0.92–1.24) 0.66 (0.51–0.86) 0.81 (0.62–1.05) 0.83 (0.68–1.02) 1.26 (0.93–1.70)

Maternal education (years)

  ≥ 12 1 1 1 1 1 1

  < 12 1.15 (0.52–2.52) 1.11 (0.59–2.09) 0.78 (0.13–4.51) 3.18 (0.72–14.04) 0.85 (0.34–2.14) 0.79 (0.30–2.06)

Number of people per room

  3º tertile 1 1 1 1 1 1

  1º tertile 0.98 (0.48—2.01) 1.23 (0.69—2.19) 0.53 (0.10–2.83) 0.41 (0.11–1.60) 1.34 (0.50–3.62) 1.38 (0.48–3.95)

  2º tertile 1.47 (0.73—2.95) 1.36 (0.75—2.44) 1.34 (0.21–8.45) 0.85 (0.19–3.77) 1.31 (0.50–3.42) 2.30 (0.85–6.23)

Race

  White 1 1 1 1

  Non-white 0.88 (0.49–1.58) 0.97 (0.60–1.58) 0.73 (0.16–3.26) 0.61 (0.17–2.16)

Marital status

  Married or in a stable relationship 1 1 1 1

  Single, separated, or widowed 1.42 (0.56–3.57) 1.18 (0.53–2.61) 1.16 (0.26–5.14) 1.90 (0.37–9.65)

Physical activity

  Adequate 1 1 1 1 1 1

  Inadequate 0.95 (0.28–3.27) 0.61 (0.22–1.70) 0.80 (0.14–4.66) 0.38 (0.09–1.70) 1.63 (0.68–3.87) 1.03 (0.43–2.47)

Smoking 1.39 (0.39–4.92) 1.57 (0.54–4.60) 0.62 (0.03–10.97) 0.47 (0.03–6.34) 1.63 (0.68–3.87) 2.19 (0.45–10.74)

Alcohol consumption 1.45 (0.67–3.17) 1.51 (0.78–2.93) 1.47 (0.28–7.66) 1.76 (0.44–6.96)

Number of previous pregnancies

  0 1 1 1 1 1 1

  1 3.03 (1.42–6.45) 2.19 (1.13–4.22) 0.81 (0.32–2.09) 3.81 (0.92–5.79) 0.78 (0.32–1.92) 0.52 (0.20–1.31)

  ≥ 2 1.30 (0.64–2.65) 1.01 (0.91–1.12) 3.61 (0.59–22.12) 1.26 (0.32–4.98) 1.72 (0.59–5.04) 0.96 (0.31–3.00)

hs-CRP (ng/mL) 1.01 (0.97–1.05) 1.00 (0.97–1.04) 1.02 (0.97–1.09) 1.26 (0.32–4.98)

HOMA (uUI/mL) 0.98 (0.67–1.44) 1.07 (0.79–1.44) 1.73 (0.06–51.17) 1.26 (0.32–4.98)

Hemoglobin (mg/dL) 0.64 (0.46–0.88) 0.67 (0.35–1.29) 0.55 (0.38–0.79) 0.96 (0.54–1.71) 0.59 (0.39–0.88) 0.78 (0.51–1.20)

Glycated hemoglobin % 1.45 (0.59–3.59) 1.73 (0.82–3.66) 0.41 (0.16–1.06) 1.84 (0.42–8.08)

Fasting insulin (uUI/mL) 0.98 (0.91–1.06) 1.01 (0.95–1.06) 0.93 (0.46–1.84) 0.70 (0.21–2.31) 0.59 (0.39–0.88) 0.99 (0.90–1.08)

Cholesterol (mg/dL) 1.00 (1.00–1.01) 1.00 (1.00–1.01) 1.07 (1.00–1.15) 1.08 (0.97–1.20)

HDL-c (mg/dL) 1.00 (0.99–1.01) 1.00 (0.99–1.01) 0.94 (0.87–1.01) 0.90 (0.81–1.01) 0.59 (0.39–0.88) 1.01 (0.98–1.04)

LDL-c (mg/dL) 1.00 (0.97–1.01) 1.00 (0.97–1.0) 0.93 (0.86–1.01) 0.93 (0.83–1.04) 1.01 (0.99–1.02) 0.99 (0.97–1.01)

Crude Model: the association between each predictor variable and the outcome of interest (GWG)

Adjusted Model A: all predictor variables were adjusted for optimal prediction of GWG, considering their respective strengths

Final Adjusted Model: significant and relevant variables were included based on the theoretical model

1º tertile: < 33.3%, 2º tertile: ≥ 33.3%; ≤ 66.6% and 3º tertile: ≥ 66.6%

Abbreviations: GWG gestational weight gain, BMI Body mass index, LDL-c Low density lipoprotein cholesterol, HDL-c high-density lipoprotein cholesterol, CI confidence 
interval, OR odds ratio
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[37, 38, 51, 52]. Furthermore, a recent study on GWG in 
Brazil by Amorim et al. (2019) provides valuable insights 
into the prevalence and predictors of GWG, emphasizing 
the importance of context-specific guidelines and inter-
ventions [61].

One limitation of the present study is that we did 
not assess the pregnant women’s dietary intake, which 
could have provided valuable information on the 
impact of diet on GWG. However, the study has sig-
nificant strengths. The prospective cohort approach 
permits to follow up pregnant women throughout the 
prenatal period until birth, providing more reliable and 
detailed data on GWG. The inclusion of a population-
based sample also increases the representativeness of 
the results. Another strength of the study is that GWG 
is not based on data from the last prenatal visit, as is 
the case in most studies, but on weight data obtained in 
the maternity ward shortly before delivery.

Therefore, this original study provides important 
insights into maternal characteristics and predictors 
associated with GWG in a Brazilian population. The 
findings may help guide public health policies and 
intervention strategies aimed at promoting adequate 
GWG during pregnancy. However, the limitations men-
tioned must be considered when interpreting and gen-
eralizing the results of the study.

Conclusion
This study is the first to assess predictors of GWG using 
both the IOM recommendations and the Intergrowth-
21st standards in a low- or middle-income country 
population. The findings identified several maternal 
predictors of inadequate GWG among Brazilian preg-
nant women. According to the IOM recommendations, 
key predictors of GWG included maternal height, pre-
pregnancy BMI, body fat percentage, number of indi-
viduals per room, smoking, diabetes, and the number 
of previous pregnancies. For the Intergrowth-21st 
standards, the main predictors were maternal height, 
body fat percentage, and hemoglobin concentrations.

These results enhance our understanding of the mater-
nal characteristics associated with inadequate GWG and 
provide valuable information for the planning of targeted 
interventions and health policies. Policymakers and 
healthcare providers should consider these predictors 
when designing programs to promote adequate GWG. 
Such programs could include nutritional counseling, tar-
geted support for women with high pre-pregnancy BMI 
or high body fat percentage, and specific strategies for 
managing diabetes during pregnancy.
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