
RESEARCH ARTICLE Open Access

Agreement between self-reported pre-
pregnancy weight and measured first-
trimester weight in Brazilian women
Thaís Rangel Bousquet Carrilho1, Kathleen M. Rasmussen2, Dayana Rodrigues Farias1,
Nathalia Cristina Freitas Costa1, Mônica Araújo Batalha1, Michael E. Reichenheim3, Eric O. Ohuma4,5,
Jennifer A. Hutcheon6, Gilberto Kac1* Brazilian Maternal and Child Nutrition Consortium

Abstract

Background: Self-reported pre-pregnancy weight and weight measured in the first trimester are both used to
estimate pre-pregnancy body mass index (BMI) and gestational weight gain (GWG) but there is limited information
on how they compare, especially in low- and middle-income countries, where access to a weight scale can be
limited. Thus, the main goal of this study was to evaluate the agreement between self-reported pre-pregnancy
weight and weight measured during the first trimester of pregnancy among Brazilian women so as to assess
whether self-reported pre-pregnancy weight is reliable and can be used for calculation of BMI and GWG.

Methods: Data from the Brazilian Maternal and Child Nutrition Consortium (BMCNC, n = 5563) and the National
Food and Nutritional Surveillance System (SISVAN, n = 393,095) were used to evaluate the agreement between self-
reported pre-pregnancy weight and weights measured in three overlapping intervals (30–94, 30–60 and 30–45 days
of pregnancy) and their impact in BMI classification. We calculated intraclass correlation and Lin’s concordance
coefficients, constructed Bland and Altman plots, and determined Kappa coefficient for the categories of BMI.

Results: The mean of the differences between self-reported and measured weights was < 2 kg during the three
intervals examined for BMCNC (1.42, 1.39 and 1.56 kg) and about 1 kg for SISVAN (1.0, 1.1 and 1.2 kg). Intraclass
correlation and Lin’s coefficient were > 0.90 for both datasets in all time intervals. Bland and Altman plots showed that
the majority of the difference laid in the ±2 kg interval and that the differences did not vary according to measured
first-trimester BMI. Kappa coefficient values were > 0.80 for both datasets at all intervals. Using self-reported pre-
pregnancy or measured weight would change, in total, the classification of BMI in 15.9, 13.5, and 12.2% of women in
the BMCNC and 12.1, 10.7, and 10.2% in the SISVAN, at 30–94, 30–60 and 30–45 days, respectively.

Conclusion: In Brazil, self-reported pre-pregnancy weight can be used for calculation of BMI and GWG when an early
measurement of weight during pregnancy is not available. These results are especially important in a country where
the majority of woman do not initiate prenatal care early in pregnancy.
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Background
Pre-pregnancy weight refers to a woman’s weight at con-
ception and is used during prenatal care for determining
maternal pre-pregnancy body mass index (BMI) and cal-
culating gestational weight gain (GWG) [1, 2]. However,
this information is not generally available in most set-
tings because it is often not feasible to obtain weight
measurements right after conception. This difficulty can
be related to a variety of factors, such as unplanned
pregnancies, the lack data on women’s weight through-
out the life-course, and the lack of an early enough start
to prenatal care for an accurate recall of women’s pre-
pregnancy weight. As a result, either self-reported pre-
pregnancy or measured weight in the first trimester may be
used for calculating pre-pregnancy BMI and GWG [2, 3].
The agreement between self-reported and measured

weight before or during the first trimester of pregnancy
has been evaluated in several populations with conflict-
ing results [4–7]. Bodnar et al. [4] evaluated the accuracy
of reported pre-pregnancy BMI and GWG on over 47,
000 birth certificates from Pennsylvania and found that
maternal weight data was poorly reported. In contrast,
Holland et al. [6] observed that using self-reported pre-
pregnancy or measured weight at first prenatal visit had
no impact on BMI classification using data from 307
women from Massachusetts. Some studies have also
shown that maternal education, socioeconomic status,
and race/ethnicity influence the quality of the reported
weight [5, 8–10].
In their recent systematic review, Headen et al. [11]

suggested that more studies, with larger sample sizes,
are necessary to evaluate the agreement between self-
reported and measured first-trimester weight, especially
in the beginning of this period. They also argued that
the bias in self-reporting would be problematic, espe-
cially in low- and middle-income countries, where access
to a weight scale at home and medical care may be
limited.
In most studies that have compared self-reported pre-

pregnancy weight with weight measured in the first tri-
mester, a restricted time frame for the measurement
(such as the first month of pregnancy) was not specified.
This makes it difficult to differentiate between an error
in reporting pre-pregnancy weight and the possibility of
weight gain during the first trimester. Three studies on
this subject [12–14] have been conducted in Brazil.
Oliveira et al. [12] analyzed data from 30 women from
Rio de Janeiro and compared self-reported weight and
the weight measured in the first trimester registered in
their pregnancy cards. The authors concluded that these
women underestimated their pre-pregnancy weight but,
in general, the values were close to the measured weight.
Niquini et al. [13] evaluated 512 women who were also
from Rio de Janeiro. They compared self-reported with

measured first-trimester weight and concluded that
women tended to underestimate their weight but the
effect of this underestimation on BMI classification was
limited. Araújo et al. [14] observed the same pattern of
underestimation of self-reported pre-pregnancy weight
in their study of 17,093 pregnant women from the whole
country. It is important to mention, however, that the
agreement between self-reported pre-pregnancy weight
and weight at different times during the first trimester of
pregnancy was not evaluated in those studies. Thus, the
possibility of using self-reported pre-pregnancy weight
to determine BMI and GWG remains unclear.
The primary goal of this study was to evaluate the

agreement between self-reported pre-pregnancy weight
and weight measured during the first trimester of preg-
nancy among Brazilian women. Our primary interest
was to assess whether self-reported weight was a viable
option to calculate BMI and GWG in comparison with
measured weight. To accomplish this, we used two large
datasets, one based on research studies and another on
administrative data. The secondary goal was to assess
the impact of using each of these estimates in the classi-
fication of pre-pregnancy BMI.

Methods
This study used data from two different sources, namely a
research dataset from the Brazilian Maternal and Child
Nutrition Consortium (BMCNC) [15], and an administra-
tive dataset from the National Food and Nutritional Sur-
veillance System (SISVAN, from the Portuguese acronym).
The analyses were restricted to apparently healthy women
(no indication of infectious or chronic diseases – except
obesity - before pregnancy), aged 18–49 years.
The steps for harmonization and combination of data-

sets for the BMCNC are described elsewhere [15]. The
harmonized and cleaned dataset included 17,344 women.
The current study considered only those women who
provided self-reported pre-pregnancy weight and had
their weight measured in the first trimester (n = 5563).
The SISVAN is a national database containing nutri-

tional surveillance information from subjects from all
over the country, in every stage of life, collected during
routine public health care services. It is the only Brazil-
ian administrative dataset with repeated measures of
weight during pregnancy. SISVAN had over five million
women registered from 2008 to 2018. Details about the
system are published elsewhere [16]. For this dataset,
steps of data cleaning were employed. Identification of
outliers considering the longitudinal characteristics of
the data and the general distribution of variables was
also performed [17, 18]. For this study, data from 393,
095 women were used.
The variables used in this study included self-reported

pre-pregnancy weight (in kg) collected in the first
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pregnancy visit or the first study interview; weight mea-
sured during the first trimester of pregnancy; maternal
height (in meters) measured in the study or routine
prenatal care in early pregnancy; maternal body mass
index (BMI, in kg/m2) classified according to the World
Health Organization cutoffs as underweight (< 18.5 kg/
m2), normal (18.5–24.9 kg/m2), overweight (≥ 25.0 and <
30.0 kg/m2) and obese (≥ 30.0 kg/m2) [19]; and gesta-
tional age (in weeks) at the prenatal visits. The deter-
mination of gestational age varied according to the
origin of the data. For the BMCNC, ultrasound data
(performed before 24 weeks) and the date of the last
menstrual period (LMP) reported by the women were
available. Ultrasound information (date and gestational
age of the exam) performed before 24 weeks was used
for the determination of gestational age whenever avail-
able. When ultrasound was performed after 24 weeks or
was not available, the calculation was made based on the
LMP date [20]. In the SISVAN, only the date of the
LMP was available.
The analyses were conducted using weight measured

at several overlapping intervals during the first trimester
of pregnancy, namely at 30–94 days of pregnancy (any
time in the first trimester), 30–60 days (between 4 and 8
weeks), and 30–45 days (between 4 and 6 weeks). We
used these intervals for both datasets as well as a cumu-
lative analysis because we wanted to compare different
potential upper gestational age ranges that clinicians and
researchers might need to use. We also considered the
expected pattern of weight gain up to 8th week of preg-
nancy, which could be as low as no gain [21]. The lower
limit of 30 days was used because it is unlikely that
women would start prenatal care before then. The upper
limit of 94 days marks the end of the first trimester.
Some women contributed more than one weight meas-
urement during the first trimester, and, in these cases,
the first measurement was used. Some women contrib-
uted to more than one group because analyses were cu-
mulative and, thus, overlapped (e.g. if a woman had data
at 42 days, these data would also be included in the
other two longer intervals).

Statistical analyses
A complete-case analysis was performed for both data-
sets. We determined the intraclass correlation coefficient
(ICC) and Lin’s concordance coefficient, both with 95%
confidence intervals (CI) [22]. ICC may vary from 0 (no
agreement) to 1 (perfect agreement) and, in the current
case, it assessed the agreement between the pairs of
weights, representing the proportion of the total variabil-
ity in the observations due to the differences between
the pairs of weights [23]. Lin’s concordance coefficient
can be better explained by plotting the line of best fit in
a scatter plot of both weights. This coefficient is a

modification of Pearson’s correlation coefficient, meas-
uring how far the data are from the 45-degree line of
perfect agreement (regression line with intercept = 0 and
slope = 1). Lin’s coefficient will be equal to 1 when all
the points lie on the perfect agreement line and dimin-
ishes as the points depart from this line [22].
As an initial procedure to test for the equivalence be-

tween self-reported and measured weight, two one-sided
tests (TOST) were performed. The application of TOST
in agreement analysis provides a means to evaluate
empirical evidence of equivalence between the two mea-
surements rather than only measuring the absence of
differences, as the t test provides [24, 25]. To perform
TOST, it is necessary to determine the equivalence re-
gion, i.e., the limits outside which the difference in mean
values is considered significant (both in terms of statis-
tics and practical use). We determined the equivalence
region between − 2 and + 2 kg, considering these limits
as small and plausible when evaluating the two measure-
ments, and the upper limit of the recommended GWG
for the first trimester (2 kg) [2]. We presented 90% CI
since TOST consists of two separate one-sided tests at level
1-α. When combining those tests into a single CI, a confi-
dence level of 100(1–2α)% should be estimated [24, 25].
Bland and Altman plots were also constructed [26].

These graphs portray differences between self-reported
and first trimester weights, and whether these increase
with higher mean weights. In perfect agreement, differ-
ences are expected to be zero irrespective of weight. Be-
sides plotting the traditional limits at ±1.96 standard
deviation proposed by the authors, we added lines indi-
cating differences at ±2 kg to facilitate visual inspection.
Bland and Altman plots were presented with different
colors for each first-trimester measured BMI category,
in order to show BMI variations in the differences, due
to the limited sample size to perform the graphs strati-
fied, especially in the 4–6 weeks interval.
The kappa coefficient with quadratic weighting [27] was

estimated to assess the impact of using the self-reported or
measured data to classify women’s pre-pregnancy BMI
values. Bootstrap method with 500 replications was used to
calculate 95% CI [28]. The kappa coefficient measures the
agreement between two categorical variables by examining
the proportion of responses in two or more agreement
cells (e.g. underweight according to self-reported weight
BMI/underweight according to first-trimester weight BMI)
in relation to the proportion of responses in these cells
which would be expected by chance, given the marginal
distribution [27, 29]. The classification of agreement used
the limits proposed by Landis & Koch [30]: κ > 0.60–0.80,
substantial and κ > 0.80, almost perfect agreement.
As an additional analysis, to ensure that the selected

women from both datasets presented similar sociodemo-
graphic profile when compared to the original data before
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selection, tables with means and standard deviations for
continuous variables (maternal age, pre-pregnancy weight,
height, pre-pregnancy BMI) and absolute and relative
frequencies for categorical ones (maternal education and
BMI classification) were constructed. All the analyses were
performed in Stata version 15 [31] and R version 3.6 [32].

Results
In the BMCNC, at 30–94 days, 5563 women were evalu-
ated, at 30–60 days, 1691, and at 30–45 days, 502. In the
SISVAN, the initial dataset for women with both self-
reported pre-pregnancy and first-trimester measured
weight was 393,095; for 30–60 days, 173,676, and for
30–45 days, 63,117 women (Additional Fig. 1). In gen-
eral, women from both datasets presented similar age
distributions (mean = 27.2 [SD: 5.7] years, for the
BMCNC and mean = 26.8 [SD: 5.9] years for the SISV
AN). However, the distribution of education was quite
different among the two data sources; 17.4% of the
women of the BMCNC presented tertiary education,
while only 2.4% of the women in the SISVAN were in
this category (Additional Table 1).
In the BMCNC dataset, the mean pre-pregnancy

weight was 62.4 kg (SD: 13.0), and in the SISVAN data-
set, the mean was 63.8 kg (13.6). The mean first-
trimester weight (measured in any gestational week from

30 to 94 days) was 64.0 (13.1) and 65.0 (13.8) kg, in the
BMCNC and SISVAN, respectively. The mean of the dif-
ferences between the self-reported and measured
weights was less than 2 kg during the three intervals ex-
amined for the BMCNC data. These differences were
smaller (around 1 kg) in the SISVAN data (Table 1).
ICC and Lin’s coefficient were above 0.90 for both data-

sets. Higher agreement was observed between self-reported
and the weight measured between 30 and 45 days of preg-
nancy (ICC and Lin = 0.961 and 0.979 for the BMCNC
data and the SISVAN, respectively), compared to the other
time intervals. All the coefficients were slightly smaller
when the first-trimester weight measured at any time point
(30–94 days) was used, compared to more restricted time
intervals (30–60 and 30–45 days) (Table 2).
The TOST procedure revealed that self-reported pre-

pregnancy weight and first trimester measures can be
considered equivalent, but not equal, for all the evalu-
ated scenarios in the SISVAN but only for 30–94 days in
the BMCNC data, according to 90% CI and ± 2 kg limits
used. For the BMCNC data, the 90% CIs for the periods
of 30–45 days and 30–60 days were outside those limits,
so these measurements cannot be considered equivalent
according to this procedure (Fig. 1).
The Bland and Altman plots (Figs. 2 and 3) showed

that most women were within the limits of agreement

Fig. 1 Mean differences and 90% confidence intervals for the TOST procedure for self-reported weight and weight measured in different time
intervals during first trimester in the SISVAN and in the BMCNC data
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Table 1 Description of the weight and body mass index (BMI) variables in the Brazilian Maternal and Child Nutrition Consortium
(BMCNC) and in the Brazilian Food and Nutritional Surveillance System (SISVAN)

BMCNC dataset SISVAN dataset

Weight and BMI variables Mean (SD) Minimum; Maximum Mean (SD) Minimum; Maximum

30–94 days

Self-reported pre-pregnancy weight 62.4 (13.0) 30; 120 63.8 (13.6) 33.0; 128.0

First trimester weight 64.0 (13.1) 34.9; 116.8 65.0 (13.8) 36.6; 121.5

Difference between weightsa 1.6 (3.8) −21.1; 23.5 1.2 (2.8) −8.7; 15.8

Self-reported pre-pregnancy BMIb 24.4 (4.6) 12.9; 46.9 25.0 (5.0) 12.6; 56.6

First trimester BMIb 25.1 (4.6) 14.4; 45.8 25.4 (5.0) 12.6; 56.9

Difference between BMIa 0.6 (1.48) −7.1 – 8.7 −0.5 (1.1) − 0.9; 4.1

30–60 days

Self-reported pre-pregnancy weight 63.2 (12.9) 30; 115 64.2 (13.5) 33.0; 126.0

First trimester weight 64.6 (13.1) 35.8; 113.8 65.3 (13.7) 36.6; 120.0

Difference between weightsa 1.4 (3.5) −21.1; 19.5 1.1 (2.6) −8.7; 15.8

Self-reported pre-pregnancy BMIb 24.6 (4.6) 13.9; 45.7 25.0 (4.9) 12.6; 53.0

First trimester BMIb 25.1 (4.7) 14.4; 45.8 25.4 (5.0) 12.6; 53.3

Difference between BMIa 0.5 (1.3) −7.1 – 8.0 −0.4 (1.0) −7.4; 4.1

30–45 days

Self-reported pre-pregnancy weight 64.2 (12.5) 40; 112 64.6 (13.7) 33.0; 124.0

First trimester weight 65.6 (12.5) 36; 113.8 65.6 (13.7) 36.6; 119.0

Difference between weightsa 1.4 (3.2) −16.0; 18.0 1.0 (2.5) −8.7; 15.8

Self-reported pre-pregnancy BMIb 24.9 (4.5) 16.4; 40.4 25.1 (4.9) 12.6; 53.0

First trimester BMIb 25.5 (4.5) 16.0; 40.2 25.5 (5.0) 12.6; 53.3

Difference between BMIa 0.6 (1.3) −5.5 – 7.8 −0.4 (1.0) −7.4; 4.0

Notes: a Difference was calculated as: first trimester weight/BMI – self-reported weight/BMI. b There is a small difference in the sample size for the calculation of
BMI due to missing data in height in the BMCNC dataset (n = 5381 for 30–94 days, n = 1617 for 30–60 days, n = 480 for 30–45 days). SISVAN Brazilian Food and
Nutritional Surveillance System, BMCNC Brazilian Maternal and Child Nutrition Consortium, SD Standard deviation

Table 2 Measures of agreement between self-reported weight and weight measured during the first pregnancy trimester among
Brazilian women in the Brazilian Maternal and Child Nutrition Consortium (BMCNC) and in the Brazilian Food and Nutritional
Surveillance System (SISVAN)

30–94 days (up to 13 weeks) 30–60 days (up to 8 weeks)a 30–45 days (up to 6 weeks)a

BMCNC

Number of individuals 5563 1691 502

ICC (95% CI) 0.952 (0.949–0.954) 0.959 (0.956–0.963) 0.961 (0.954–0.967)

Lin’s coefficient (95% CI) 0.952 (0.949–0.954) 0.959 (0.956–0.963) 0.961 (0.953–0.967)

Kappa coefficient (95% CIb) 0.867 (0.857–0.875) 0.888 (0.868–0.903) 0.897 (0.865–0.923)

Mean gestational age in the period (days) 69 49 40

SISVAN

Number of individuals 393,095 173,676 63,117

ICC (95% CI) 0.976 (0.975–0.976) 0.978 (0.978–0.979 0.979 (0.979–0.980)

Lin’s coefficient (95% CI) 0.976 (0.975–0.976) 0.978 (0.978–0.979 0.979 (0.979–0.980)

Kappa coefficient (95% CIb) 0.909 (0.909–0.910) 0.918 (0.917–0.920) 0.923 (0.921–0.925)

Mean gestational age in the period (days) 63.3 47.9 39.8

Notes: aCumulative analysis. b500 replications; there is a small difference in the sample size for the calculation of the Kappa coefficient for BMI due to missing data
in height, in the BMCNC dataset (n = 5381 for 30–94 days, n = 1617 for 30–60 days, n = 480 for 30–45 days). BMCNC Brazilian Maternal and Child Nutrition
Consortium, CI Confidence interval, ICC Intraclass correlation coefficient, SD Standard deviation, SISVAN Brazilian Food and Nutritional Surveillance System
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Fig. 2 Bland and Altman plots for the agreement between self-reported pre-pregnancy weight and weight measured in the BMCNC data: a 30–
94 days of pregnancy; b 30–60 days of pregnancy; c 30–45 days of pregnancy. Note: 1. b & a limits: Limits as defined in Bland & Altman (1986):
Mean difference ± 1.96 X Standard deviation of the difference. 2. A small number of individuals (n = 18 in A, n = 4 in b and n = 1 in c) were not
plotted due to the chosen limits of the plots. 3. There is a small difference in the sample size in the graphs due to missing data in height (n =
5381 for 30–94 days, n = 1617 for 30–60 days, n = 480 for 30–45 days)
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Fig. 3 Bland and Altman plots for the agreement between self-reported pre-pregnancy weight and weight measured in the SISVAN data: a 30–
94 days of pregnancy; b 30–60 days of pregnancy; c 30–45 days of pregnancy. Note: b & a limits: Limits as defined in Bland & Altman (1986):
Mean difference ± 1.96 X Standard deviation of the difference
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defined by the plot (93.3, 93.6, 93.2% and 93.4, 93.8,
93.5% for the BMCNC and SISVAN at 30–94, 30–60,
and 30–45 days, respectively). The percentage of women
within the ±2 kg difference between the weights varied
between 66 and 73% according to the time interval stud-
ied and the dataset used. Similarly, the percentage of
women with differences above 5 kg is low (~ 10%, data
not shown). The plots indicated no differing pattern
regarding the mean of weights, i.e., the differences are
spread over the distribution of means of self-reported
and first-trimester weight in both datasets for all periods.
It was also not possible to observe different patterns re-
garding the classification of first-trimester BMI.
Kappa coefficient varied from substantial to almost

perfect agreement. Slightly higher values (0.89 for the
BMCNC data and 0.92 for the SISVAN) occurred when
the BMI was classified using the first-trimester weight
measured up to 30–45 days, but the results were similar
in other periods, especially if the CI is taken into
account (Table 2). The high values of this coefficient
highlight the low proportions off the agreement cells,
showing that most women are classified in the same
BMI category when self-reported or first-trimester
weight was used (Tables 3 and 4).
Using self-reported pre-pregnancy or measured weight

would change, in total, the classification of BMI in 15.9,

13.5, and 12.2% of women in the BMCNC at 30–94, 30–
60, and 30–45 days, respectively. For the SISVAN, the
reclassification would be 12.1, 10.7, and 10.2% for the
same periods. The larger discrepancy was observed for
the classification at 30–94 days for both datasets. In this
interval, for the BMCNC, 7.3% of the women would be
classified as normal using self-reported and as over-
weight if the first-trimester weight were used (Table 3).
In the SISVAN, 5.4% of women would be classified as
normal with self-reported weight and overweight with
first-trimester weight. Most women changed their BMI
classification to an adjacent category and larger discrep-
ancies in classification were not observed in either data-
set (Table 4).

Discussion
We observed a substantial agreement (all coefficients had
values > 0.80) between self-reported weight and the weight
measured in the first trimester, especially if the latter was
measured up to the first 30–45 days of pregnancy. The
weight measurement in this period, closer to conception,
would be the best choice in research and clinical practice
to determine BMI and GWG when recovering the true
pre-conceptional weight is not possible, because it is less
likely to be affected by weight gain. However, a measure-
ment in this restricted time frame is rarely available in

Table 3 Contingency tables for the classification of body mass index (BMI) using self-reported and first trimester weight in the
Brazilian Maternal and Child Nutrition Consortium (BMCNC)

Self-reported
pre-pregnancy
weight

First trimester weight

Underweight Normal Overweight Obesity Total

30–94 days

Underweight 167 (3.1) 121 (2.2) 0 0 288 (5.3)

Normal 41 (0.8) 2597 (48.3) 393 (7.3) 6 (0.1) 3037 (56.4)

Overweight 0 103 (1.9) 1148 (21.3) 153 (2.8) 1404 (26.1)

Obesity 0 0 41 (0.8) 611 (11.3) 652 (12.1)

Total 208 (3.9) 2821 (52.4) 1583 (29.4) 770 (14.3) 5381 (100)

30–60 days

Underweight 53 (3.3) 29 (1.8) 0 0 82 (5.1)

Normal 7 (0.4) 792 (49.0) 107 (6.6) 1 (0.06) 907 (56.1)

Overweight 0 27 (1.7) 361 (22.3) 40 (2.5) 428 (26.5)

Obesity 0 0 7 (0.4) 193 (11.9) 200 (12.4)

Total 60 (3.7) 848 (52.4) 475 (29.4) 234 (14.5) 1617 (100)

30–45 days

Underweight 14 (2.9) 4 (0.8) 0 0 18 (3.7)

Normal 3 (0.6) 225 (46.9) 34 (7.1) 1 (0.2) 263 (54.8)

Overweight 0 4 (0.8) 116 (24.2) 13 (2.7) 133 (27.7)

Obesity 0 0 0 66 (13.7) 66 (13.7)

Total 17 (3.5) 233 (48.5) 150 (31.2) 80 (16.7) 480 (100)

Note: Values refer to absolute and relative frequencies in each cell. BMI cutoffs: Underweight, BMI < 18.5 kg/m2; Normal, BMI ≥ 18.5 and < 25.0 kg/m2; Overweight,
BMI ≥ 25.0 and < 30.0 kg/m2 and Obesity, BMI ≥ 30.0 kg/m2
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most settings. Thus, self-reported pre-pregnancy weight
seems to be a suitable choice.
As we expanded the length of the eligible first-

trimester window, the difference between the two mea-
sures was somehow larger, which would be expected, as
there is usually weight gain along the first trimester.
Weight measurements collected during the first trimes-
ter in a larger time frame (30–60 or 30–94 days) are also
commonly used for the calculation of BMI and GWG.
Nevertheless, using those measurements for calculating
GWG would be neglecting pregnancy weight variations
during this period, which is expected to happen [21]. In
turn, the acceptable agreement observed with these
other time intervals reinforces the possibility of using
self-reported weight in both research and clinical prac-
tice. This finding corroborates with Park et al. [33] re-
sults, using birth certificate data from the United States,
which observed minimal and not clinically meaningful
differences between pre-pregnancy and measured first-
trimester weight.
Most studies on this topic have collected the informa-

tion of self-reported weight in different times relative to
the last menstrual period, i.e., in the beginning, middle
or at the end of the gestational period or even 10 years
after the conception [34, 35]. This may lead to important
recall bias given the long period since the event

occurred. In addition, few studies have compared the re-
port to the weight actually measured in the first trimes-
ter and, even if they did, the comparison was only one to
point in the first trimester of pregnancy [8, 36].
In their systematic review, Headen et al. [11] observed

a high correlation between self-reported and early-
pregnancy weight, despite a tendency toward underre-
porting of pre-pregnancy weight among the 33 identified
studies. In the three studies conducted in Brazil, a high
correlation and agreement between self-reported and
measured weight and a tendency toward underestima-
tion was also observed [12–14]. However, these studies
did not consider the timing of the first-trimester weight
measurement and the possibility of weight gain/loss dur-
ing this period. These factors could produce differences
between the report and the measurements that would
not result from misreporting.
The TOST showed that for the SISVAN and the

BMCNC data for 30–94 days, the weights could be con-
sidered statistically equivalent. These results emphasize
that there is a difference between the measures, but this
difference is expected, mainly because the first-trimester
weight will be higher than pre-pregnancy weight. This
would occur even if women remember this value cor-
rectly. In terms of magnitude of discrepancies, the
means were around 2 kg for both datasets and all time

Table 4 Contingency tables for the classification of body mass index (BMI) using self-reported and first trimester weight in the
Brazilian Food and Nutritional Surveillance System (SISVAN)

Self-reported
pre-pregnancy
weight

First trimester weight

Underweight Normal Overweight Obesity Total

30–94 days

Underweight 13,351 (3.4) 7195 (1.8) 0 0 20,546 (5.2)

Normal 2342 (0.6) 185,445 (47.2) 21,083 (5.4) 17 (< 0.001) 208,887 (53.1)

Overweight 0 4619 (1.2) 88,762 (22.6) 9844 (2.5) 103,265 (26.3)

Obesity 0 0 2290 (0.6) 58,107 (14.8) 60,397 (15.4)

Total 15,693 (4.0) 197,259 (50.2) 112,135 (28.5) 68,008 (17.3) 393,095 (100)

30–60 days

Underweight 5819 (3.4) 2658 (1.5) 0 0 8477 (4.9)

Normal 951 (0.5) 82,339 (47,4) 8373 (4.8) 8 (< 0.001) 91,671 (52.8)

Overweight 0 1824 (1.1) 40,779 (23.5) 4049 (2.3) 46,625 (26.9)

Obesity 0 0 904 (0.5) 25,972 (14.9) 26,876 (15.5)

Total 6770 (3,9) 86,821 (50.0) 50,056 (28.8) 30,029 (17.3) 173,676 (100)

30–45 days

Underweight 1984 (3.1) 934 (1.5) 0 0 2918 (4.6)

Normal 308 (0.5) 29,901 (47.4) 2946 (4.7) 2 (< 0.001) 33,157 (52.5)

Overweight 0 602 (0.9) 15,114 (23.9) 1387 (2.2) 17,103 (27.1)

Obesity 0 0 279 (0.4) 9660 (15.3) 9939 (15.7)

Total 2292 (3.6) 31,437 (49.8) 18,339 (29.1) 11,049 (17.5) 63,117 (100)

Note: Values refer to absolute and relative frequencies in each cell. BMI cutoffs: Underweight, BMI < 18.5 kg/m2; Normal, BMI ≥ 18.5 and < 25.0 kg/m2; Overweight,
BMI ≥ 25.0 and < 30.0 kg/m2 and Obesity, BMI ≥ 30.0 kg/m2
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intervals, and in the Bland and Altman plots, the major-
ity of the difference (~ 66–77%) were found in the ±2 kg
interval. Shin et al. [8] also observed that self-reported
weight was lower than measured first-trimester weight
by an average of 2.3 kg in data from 504 pregnant
women from the United States. The 2-kg difference is
close to the expected weight gain in the first trimester
[2] and may not be related to an inaccurate weight re-
port, but to rather to real changes in the measures be-
cause of the expected weight gain during this interval.
Also, the plots revealed no pattern of difference consid-
ering measured first-trimester BMI, which may indicate
that the BMI classification does not change the way a
woman report her pre-pregnancy weight.
The classification of pre-pregnancy BMI using self-

reported or first-trimester measured weight also had a
high agreement, i.e., the impact of using one weight or
another in the classification of BMI was small, according
to the values of the kappa coefficient. The reduced impact
on the classification suggests that using self-reported rather
than measured weight would not substantially bias BMI es-
timates. This result differs from the findings of Fattah et al.
[36]. These authors evaluated 100 women from Ireland and
observed that 22% of the women were classified in different
BMI categories whether self-reported or measured first-
trimester weight was used in BMI calculation.
For ascertainment of GWG, the differences observed

between the weights would be the same for weight gain
calculated using self-reported pre-pregnancy or mea-
sures first-trimester weight. However, since measure-
ments collected early in the first trimester are rarely
available, using weight collected at any time during this
period would not consider the possibility of weight gain
during the first trimester. Maternal first-trimester weight
change may be important to fetal growth and the child’s
future health [37–39]. In addition, using first-trimester
weight to calculate GWG would be problematic for
those women who start prenatal care after this time
frame.
Recently published GWG charts by Santos et al. [40]

and Hutcheon et al. [41] used self-reported weight to
calculate weight gain and classify pre-pregnancy BMI,
considering self-reported weight as the most commonly
available information. However, the Intergrowth-21st
GWG [42] and the Swedish charts [43] used weight
measured in the first trimester, considering it a more
appropriate source for the creation of the charts. It is
possible to observe that there is still debate as to which
measure should be employed, especially in studies
assessing GWG [11, 44]. However, considering the sub-
stantial agreement observed in the current study, it
seems reasonable to assume the majority of women
would receive adequate GWG counseling based on self-
reported information.

By using a time interval close to conception (30–45
days), we were able to show that the women’s report was
not substantially biased and could be used when a meas-
urement of weight in the beginning of pregnancy is un-
available. We also argue that using a measurement of
weight collected at any time during the first trimester,
although more often available, might disregard an effect-
ive GWG in this period. Future studies with weight mea-
surements of women before conception could focus on
developing a correction factor or a calibration equation
to obtain a more accurate value for ascertaining both
pre-pregnancy BMI and GWG. This would only be pos-
sible if weighting non-pregnant women becomes part of
their routine health care.

Strengths and limitations
The availability of both self-reported and measured
weights in the first trimester on the same women
permitted us to address the central question of this
study. Besides, using the most available realistic ap-
proaches for first-trimester weight also allowed us to
evaluate differences when each weight was used. Collect-
ing self-reported weight at the beginning of pregnancy
to help reducing recall bias is another important
strength. Also, the large sample size in both datasets for
the first-trimester measurement used in the analyses and
the fact that these datasets are from a middle-income
country, where only limited information on this subject
has been available, must be highlighted.
Nevertheless, some limitations must be considered.

The number of women with a weight measurement in
the first 30–45 and 30–60 days was relatively low, which
affected the comparison of the coefficients and the de-
termination of the TOST CI, even though the sample
sizes for these periods were higher than those observed
in several studies previously conducted on the topic [5,
35, 44]. The sample size was not big enough to estimate
coefficients according to BMI category, which would
have been useful to compare differences between the re-
port according to those categories. However, Bland and
Altman plots were constructed depicting categories of
BMI with different colors, and no clear pattern of differ-
ences were observed.
The reduction in the sample size in both datasets is

another limitation to be mentioned. Unfortunately, the
proportion of women who initiate prenatal care before
13 weeks in Brazil is limited and selecting those who also
know their pre-pregnancy weight contributed further to
decreasing the sample size available for this study in
both sources of data. These facts may raise concern
about the profile of the selected women, who may be
substantially different from those removed from the ana-
lysis. However, the comparison of sociodemographic
characteristics between all the women and those selected
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for this study revealed a remarkably close profile
(Additional Table 1).
The use of data collected in the routine prenatal care,

which was the case for most studies included in the
BMCNC and the SISVAN, could also introduce noise to
the evaluation of the agreement between the measure-
ments because the collection of weight and height was
not standardized. The precise question used to inquire
women about their pre-pregnancy weight is unknown.
In some studies, participants knew their weight; in other
cases, this information was abstracted from the participants’
pregnancy booklets/cards. Finally, it was not possible to
know the timing of the collection of self-reported weight,
i.e., if it occurred before or after women were weighted in
the visit. If women reported their pre-pregnancy weight
shortly after being weighted, knowing the weight could
have influenced their report. We recommend that the tim-
ing of weight is considered in future studies in the field.

Conclusions
In this study, we observed substantial agreement between
self-reported pre-pregnancy and first-trimester measured
weight, mainly at the beginning of gestation (30–45 days),
even in data from SISVAN, a national administrative
system. The mean differences between self-reported and
measured first-trimester weights were lower than 2 kg,
which have little impact on BMI classification and GWG
calculation. An early measurement of weight is rarely
available in Brazil and other LMIC and self-reported pre-
pregnancy weight can be easily collected or retrieved from
medical records or pregnancy booklets/cards. Thus, it
seems to be a suitable choice to estimate pre-pregnancy
BMI and GWG among Brazilian women and also those
from other countries with similar characteristics.

Supplementary Information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12884-020-03354-4.

Additional file 1: Table S1. Comparison between all women and those
selected for the analyses (with information on self-reported pre-
pregnancy weight and first-trimester measured weight) in the Brazilian
Maternal and Child Nutrition Consortium (BMCNC) and National Food
and Nutritional Surveillance System (SISVAN) data.

Additional file 2: Figure S1. Flowchart for the constitution of the
datasets used in this study: a. data from the Brazilian Maternal and Child
Nutrition Consortium (BMCNC), and b. the National Food and Nutritional
Surveillance System (SISVAN).

Abbreviations
BMCNC: Brazilian Maternal and Child Nutrition Consortium; BMI: Body mass
index; CI: Confidence interval; GWG: Gestational weight gain; IOM: Institute of
Medicine; LMP: Last menstrual period; SISVAN: National Food and Nutritional
Surveillance System; TOST: Two one-sided tests

Acknowledgements
The authors thank all the participants of the studies who are members of
the consortium, as well as the institutions where the data collection had

happened for each study. We particularly thank Pastoral da Criança for the
support in the initial phase of this project.
Brazilian Maternal and Child Nutrition Consortium: Adauto Emmerich
Oliveira (Postgraduate Program in Collective Health, Federal University of
Espírito Santo, Vitória, ES, Brazil), Ana Paula Esteves-Pereira (Department of
Epidemiology and Quantitative Methods in Health, Sérgio Arouca National
School of Public Health, Oswaldo Cruz Foundation, Rio de Janeiro, RJ, Brazil),
Ana Paula Sayuri Sato (Department of Epidemiology, School of Public Health,
University of São Paulo, São Paulo, SP, Brazil), Antônio Augusto Moura da
Silva (Postgraduate Program in Public Health, Federal University of Maranhão,
São Luís, MA, Brazil), Claudia Leite de Moraes (Department of Epidemiology,
Institute of Social Medicine, Rio de Janeiro State University, Rio de Janeiro, RJ,
Brazil), Claudia Saunders (Department of Nutrition and Dietetics, Josué de
Castro Nutrition, Federal University of Rio de Janeiro, Rio de Janeiro, RJ,
Brazil), Cristina Maria Garcia de Lima Parada (Nursing Department, Botucatu
Medical School, Julio de Mesquita Filho Paulista State University, Botucatu,
SP, Brazil), Daniela da Silva Rocha (Multidisciplinary Health Institute, Federal
University of Bahia, Vitoria da Conquista, BA, Brazil), Denise Petrucci Gigante
(Postgraduate Program in Epidemiology, Federal University of Pelotas,
Pelotas, RS, Brazil), Edson Theodoro dos Santos Neto (Postgraduate Program
in Collective Health, Federal University of Espírito Santo, Vitória, ES, Brazil),
Elisa Maria de Aquino Lacerda (Department of Nutrition and Dietetics, Josué
de Castro Nutrition, Federal University of Rio de Janeiro, Rio de Janeiro, RJ,
Brazil), Elizabeth Fujimori (Public Health Nursing Department, School of
Nursing, University of São Paulo, São Paulo, SP, Brazil), Fernanda Garanhani
Surita (Department of Obstetrics and Gynecology, School of Medical
Sciences, University of Campinas, Campinas, SP, Brazil), Isabel Oliveira Bierhals
(Postgraduate Program in Epidemiology, Federal University of Pelotas,
Pelotas, RS, Brazil), Jane de Carlos Santana Capelli (Federal University of Rio
de Janeiro, campus Macaé, Macaé, RJ, Brazil), José Guilherme Cecatti
(Department of Obstetrics and Gynecology, School of Medical Sciences,
University of Campinas, Campinas, SP, Brazil), Juliana dos Santos Vaz (Faculty
of Nutrition, Federal University of Pelotas, Pelotas, RS, Brazil), Juraci Almeida
Cesar (Postgraduate Program in Public Health, Federal University of Rio
Grande, Rio Grande, RS, Brazil), Marco Fábio Mastroeni (Postgraduate Program
in Health and Environment, University of Joinville Region, Joinville, SC, Brazil),
Maria Antonieta de Barros Leite Carvalhaes (Julio de Mesquita Filho Paulista
State University, Botucatu, SP, Brazil), Mariângela Freitas da Silveira
(Postgraduate Program in Epidemiology, Federal University of Pelotas,
Pelotas, RS, Brazil), Marlos Rodrigues Domingues (Postgraduate Program in
Physical Education, Federal University of Pelotas, Pelotas, RS, Brazil), Mayra
Pacheco Fernandes (Postgraduate Program in Epidemiology, Federal
University of Pelotas, Pelotas, RS, Brazil), Michele Drehmer (Postgraduate
Program in Epidemiology, Department of Social Medicine, School of
Medicine, Federal University of Rio Grande do Sul, Porto Alegre, RS, Brazil),
Mylena Maciel Gonzalez (Nutritional Epidemiology Observatory, Josué de
Castro Nutrition Institute, Federal University of Rio de Janeiro, Rio de Janeiro,
RJ, Brazil), Patrícia de Carvalho Padilha (Department of Nutrition and Dietetics,
Josué de Castro Nutrition, Federal University of Rio de Janeiro, Rio de Janeiro,
RJ, Brazil), Renato Teixeira Souza (Department of Obstetrics and Gynecology,
School of Medical Sciences, University of Campinas, Campinas, SP, Brazil),
Ronaldo Fernandes Santos Alves (Nutritional Epidemiology Observatory,
Josué de Castro Nutrition Institute, Federal University of Rio de Janeiro, Rio
de Janeiro, RJ, Brazil), Rosângela Fernandes Lucena Batista (Department of
Public Health, Federal University of Maranhão, São Luís, MA, Brazil), Silmara
Salete de Barros Silva Mastroeni (Health Sciences Center, University of the
Joinville Region, Joinville, SC, Brazil), Silvia Regina Dias Medici Saldiva
(Department of Pathology, Medical School of the University of São Paulo,
São Paulo, SP, Brazil), Simone Seixas da Cruz (Department of Epidemiology,
Federal University of Recôncavo da Bahia, Santo Antônio de Jesus, BA, Brazil),
Sirlei Siani Morais (Department of Obstetrics and Gynecology, School of Medical
Sciences, University of Campinas, Campinas, SP, Brazil), Sotero Serrate Mengue
(Postgraduate Program in Epidemiology, Department of Social Medicine, School
of Medicine, Federal University of Rio Grande do Sul, Porto Alegre, RS, Brazil).

Authors’ contributions
TRBC, KMR, DRF, MAB and NCFC analyzed and interpreted the data and
wrote the manuscript, with input from all authors. KMR, MER, EOO and JAH
contributed to the interpretation of the data and revision of the manuscript.
GK coordinated the study and participated in all phases of analysis and
interpretation of the data and writing of the manuscript. The authors from

Rangel Bousquet Carrilho et al. BMC Pregnancy and Childbirth          (2020) 20:734 Page 11 of 13

https://doi.org/10.1186/s12884-020-03354-4
https://doi.org/10.1186/s12884-020-03354-4


the BMCNC group were responsible for data collection, constitution of the
included datasets and contributed to the revision of the manuscript. All
authors read and approved the final manuscript.

Funding
This work was supported by the Brazilian National Research Council (CNPq)
and the Brazilian Ministry of Health (grant numbers 408678/2017–8, 443770/
2018–2) and Bill and Melinda Gates Foundation (grant number OPP
1202165). The funders did not have any role in the design of the study and
collection, analysis, and interpretation of data and in writing the manuscript.
Funding for each study included in the BMCNC: EBDG was supported by the
Brazilian Ministry of Health, Pan American Health Organization, Fundação de
Amparo à Pesquisa do Estado do Rio Grande do Sul (FAPERGS), the CNPq,
PRONEX, Bristol-Myers Squibb Foundation, Becton Dickinson, Bayer do Brasil
and Biobra’s; MERJ was supported by the CNPq; ECCAGe was supported by
PRONEX; EPRG was supported by the CNPq, the Coordination for the Im-
provement of Higher Education Personnel (CAPES), FAPERGS, Secretaria de
Saúde de Rio Grande (RS) and Pastoral da Criança; PQ was supported by the
CNPq; RMGV and ES2 were supported by Fundação de Amparo à Pesquisa e
Inovação do Espírito Santo (FAPES) and Fundação de Amparo à Ciência e
Tecnologia do Município de Vitória; SP1 was supported by the CNPq and the
Brazilian Ministry of Health; SP2 and CLaB were supported by Fundação de
Amparo à Pesquisa do Estado de São Paulo (FAPESP); RJ was supported by;
BA1 was supported by the CNPq and Fundação de Amparo à Pesquisa do
Estado da Bahia (FAPESB); ProcriAr was supported by the CNPq and FAPESP;
ES1 was supported by FAPES; BA2 was supported by the CNPq, PET- Saúde
da Família, FAPESB, and Federal University of Bahia; BRISA was supported by
the CNPq, FAPESP, PRONEX and Fundação de Amparo à Pesquisa e ao
Desenvolvimento Científico e Tecnológico do Maranhão (FAPEMA); PREDI
was supported by Fundo de Apoio à pesquisa UNIVILLE; SP3 and SP4 were
supported by FAPES; Pelotas was supported by the Welcome Trust, the CNPq
and the CAPES.

Availability of data and materials
The data that support the findings of this study are available from the
Brazilian Maternal and Child Nutrition Consortium, but restrictions apply to
the availability of these data, which were used under license for the current
study, and so are not publicly available. Data are however available from the
authors upon reasonable request and with permission of all members of the
Consortium. SISVAN data is available upon request to the Ministry of Health.

Ethics approval and consent to participate
The Research Ethics Committee of the Rio de Janeiro Federal University
Maternity Teaching Hospital approved this project (protocol number:
85914318.2.0000.5275). All analyses were conducted with de-identified data
and all incorporated studies from the BMCNC were individually approved by
their own institutional research ethics committees and were conducted in
accordance with the principles of the Declaration of Helsinki. The use of data
from the SISVAN database was approved by the same research ethics com-
mittee and security procedures to protect the data were taken.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Nutritional Epidemiology Observatory, Josué de Castro Nutrition Institute,
Federal University of Rio de Janeiro. Avenida Carlos Chagas Filho 373/CCS,
bloco J, 2 andar, sala 29. Cidade Universitária, Ilha do Fundão, Rio de Janeiro,
RJ 21941-902, Brazil. 2Division of Nutritional Sciences, Cornell University, 227
Savage Hall, Ithaca, NY 14850, USA. 3Department of Epidemiology, Institute
of Social Medicine, Rio de Janeiro State University, Rua São Francisco Xavier,
524, 7 andar, Bloco D, Sala 7018, Maracanã, Rio de Janeiro, RJ 20550-013,
Brazil. 4Maternal, Adolescent, Reproductive & Child Health (MARCH) Centre,
London School of Hygiene & Tropical Medicine, Keppel Street, London WC1E
7HT, UK. 5Centre for Tropical Medicine and Global Health, Nuffield
Department of Medicine, University of Oxford, Peter Medawar Building for
Pathogen Research (PMB), South Parks Road, Oxford OX1 3SY, UK.
6Department of Obstetrics and Gynaecology, University of British Columbia,

Faculty of Medicine, Suite 930, 1125 Howe Street, Vancouver, BC V6Z 2K8,
Canada.

Received: 25 June 2020 Accepted: 23 October 2020

References
1. Harris HE, Ellison GT. Practical approaches for estimating prepregnant body

weight. J. Nurse Midwifery. 1998;43(2):97–101.
2. Institute of Medicine (U.S.). Committee to Reexamine IOM Pregnancy

Weight Guidelines. Weight gain during pregnancy: reexamining the
guidelines. Washington, DC: National Academies Press; 2009. xiv. p. p. 854.

3. Amorim AR, Linne Y, Kac G, Lourenco PM. Assessment of weight changes
during and after pregnancy: practical approaches. Matern. Child Nutr. 2008;
4(1):1–13.

4. Bodnar LM, Abrams B, Bertolet M, Gernand AD, Parisi SM, Himes KP, et al.
Validity of birth certificate-derived maternal weight data. Paediatr. Perinat.
Epidemiol. 2014;28(3):203–12.

5. Han E, Abrams B, Sridhar S, Xu F, Hedderson M. Validity of self-reported pre-
pregnancy weight and body mass index classification in an integrated
health care delivery system. Paediatr. Perinat. Epidemiol. 2016;30(4):314–9.

6. Holland E, Moore Simas TA, Doyle Curiale DK, Liao X, Waring ME. Self-
reported pre-pregnancy weight versus weight measured at first prenatal
visit: effects on categorization of pre-pregnancy body mass index. Matern.
Child Health J. 2013;17(10):1872–8.

7. Craig BM, Adams AK. Accuracy of body mass index categories based on
self-reported height and weight among women in the United States.
Matern. Child Health J. 2009;13(4):489–96.

8. Shin D, Chung H, Weatherspoon L, Song WO. Validity of prepregnancy
weight status estimated from self-reported height and weight. Matern.
Child Health J. 2014;18(7):1667–74.

9. Yu SM, Nagey DA. Validity of self-reported pregravid weight. Ann.
Epidemiol. 1992;2(5):715–21.

10. Brunner Huber LR. Validity of self-reported height and weight in women of
reproductive age. Matern. Child Health J. 2007;11(2):137–44.

11. Headen I, Cohen AK, Mujahid M, Abrams B. The accuracy of self-
reported pregnancy-related weight: a systematic review. Obes. Rev.
2017;18(3):350–69.

12. Oliveira AF, Gadelha AM, Leal MC, Szwarcwald CL. Study of validity in self-
reported weight and height among pregnant women treated at municipal
maternity hospitals in Rio de Janeiro, Brazil. Cad. Saude Publica. 2004;20
Suppl 1:S92–100.

13. Niquini RP, Bittencourt SA, Leal MC. Conformity of pre-gestational weight
measurement and agreement of anthropometric data reported by pregnant
women and those recorded in prenatal cards, City of Rio de Janeiro, 2007-
2008. Rev. Bras. Epidemiol. 2013;16:670–81.

14. Araújo RGPS, Gama SGN, Barros DC, Saunders C, Mattos IE. Validity of self-
reported weight, height, and BMI in mothers of the research birth in Brazil.
Rev. Saude Publica. 2017;51:115.

15. Carrilho TRB, Farias DR, Batalha MA, Costa NCF, Rasmussen KM, Reichenheim
ME, et al. Brazilian maternal and child nutrition consortium: establishment,
data harmonization and basic characteristics. Sci. Rep. 2020;10:14869.

16. Nascimento FAD, Silva SAD, Jaime PC. Coverage of assessment of nutritional
status in the Brazilian food and nutritional surveillance system, 2008–2013.
Cad. Saude Publica. 2017;33(12):e00161516.

17. Yang S, Hutcheon JA. Identifying outliers and implausible values in growth
trajectory data. Ann. Epidemiol. 2016;26(1):77–80 e1–2.

18. Shi J, Korsiak J, Roth DE. New approach for the identification of implausible
values and outliers in longitudinal childhood anthropometric data. Ann.
Epidemiol. 2018;28(3):204–11 e3.

19. WHO Expert Committee on Physical Status. Physical status: the use and
interpretation of anthropometry. Geneva: World Health Organization; 1995.
x. p. p. 452.

20. Papageorghiou AT, Kemp B, Stones W, Ohuma EO, Kennedy SH, Purwar M,
et al. Ultrasound-based gestational-age estimation in late pregnancy.
Ultrasound Obstet. Gynecol. 2016;48(6):719–26.

21. Pitkin RM. Nutritional support in obstetrics and gynecology. Clin. Obstet.
Gynecol. 1976;19(3):489–513.

22. Lin LI. A concordance correlation coefficient to evaluate reproducibility.
Biometrics. 1989;45(1):255–68.

Rangel Bousquet Carrilho et al. BMC Pregnancy and Childbirth          (2020) 20:734 Page 12 of 13



23. Watson PF, Petrie A. Method agreement analysis: a review of correct
methodology. Theriogenology. 2010;73(9):1167–79.24.

24. Dixon PM, Saint-Maurice PF, Kim Y, Hibbing P, Bai Y, Welk GJ. A primer on
the use of equivalence testing for evaluating measurement agreement.
Med. Sci. Sports Exerc. 2018;50(4):837–45.

25. Lakens D, Scheel AM, Isager PM. Equivalence testing for psychological
research: a tutorial. Adv. Methods Pract. Psychol. Sci. 2018;1(2):259–69.

26. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;1(8476):307–10.

27. Cohen J. A coefficient of agreement for nominal scales. Educ. Psychol. Meas.
1960;20(1):37–46.

28. Reichenheim ME. Confidence intervals for the kappa statistic. Stata J. 2004;
4(4):421–8.

29. Streiner DL, Norman GR, Cairney J. Health measurement scales: a practical
guide to their development and use: Oxford University press; 2015.

30. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159–74.

31. StataCorp. Stata Statistical Software: Release 15. College Station, TX; 2017.
32. R Core Team. R: a language and environment for statistical computing. 3.4.0

ed. Vienna: R Foundation for Statistical Computing; 2017.
33. Park S, Sappenfield WM, Bish C, Bensyl DM, Goodman D, Menges J.

Reliability and validity of birth certificate prepregnancy weight and height
among women enrolled in prenatal WIC program: Florida, 2005. Matern.
Child Health J. 2011;15(7):851–9.

34. McClure CK, Bodnar LM, Ness R, Catov JM. Accuracy of maternal recall of
gestational weight gain 4 to 12 years after delivery. Obesity. 2011;19(5):
1047–53.

35. Tomeo CA, Rich-Edwards JW, Michels KB, Berkey CS, Hunter DJ, Frazier AL,
et al. Reproducibility and validity of maternal recall of pregnancy-related
events. Epidemiology. 1999;10(6):774–7.

36. Fattah C, Farah N, O'Toole F, Barry S, Stuart B, Turner MJ. Body mass index
(BMI) in women booking for antenatal care: comparison between
selfreported and digital measurements. Eur. J. Obstet. Gynecol. Reprod. Biol.
2009;144(1):32–4.

37. Gaillard R, Steegers EA, Franco OH, Hofman A, Jaddoe VW. Maternal weight
gain in different periods of pregnancy and childhood cardio-metabolic
outcomes. The generation R study. Int. J. Obes. (Lond). 2015;39(4):677–85.

38. Karachaliou M, Georgiou V, Roumeliotaki T, Chalkiadaki G, Daraki V, Koinaki
S, et al. Association of trimester-specific gestational weight gain with fetal
growth, offspring obesity, and cardiometabolic traits in early childhood. Am.
J. Obstet. Gynecol. 2015;212(4):502 e1–14.

39. Rifas-Shiman SL, Fleisch A, Hivert MF, Mantzoros C, Gillman MW, Oken E.
First and second trimester gestational weight gains are most strongly
associated with cord blood levels of hormones at delivery important for
glycemic control and somatic growth. Metab Clin Exp. 2017;69:112–9.

40. Santos S, Eekhout I, Voerman E, Gaillard R, Barros H, Charles MA, et al.
Gestational weight gain charts for different body mass index groups for
women in Europe, North America, and Oceania. BMC Med. 2018;16(1):201.

41. Hutcheon JA, Platt RW, Abrams B, Himes KP, Simhan HN, Bodnar LM.
Pregnancy weight gain charts for obese and overweight women. Obesity.
2015;23(3):532–5.

42. Cheikh Ismail L, Bishop DC, Pang R, Ohuma EO, Kac G, Abrams B, et al.
Gestational weight gain standards based on women enrolled in the fetal
growth longitudinal study of the INTERGROWTH-21st project: a prospective
longitudinal cohort study. BMJ. 2016;352:i555.

43. Johansson K, Hutcheon JA, Stephansson O, Cnattingius S. Pregnancy weight
gain by gestational age and BMI in Sweden: a population-based cohort
study. Am. J. Clin. Nutr. 2016;103(5):1278–84.

44. Krukowski RA, West DS, DiCarlo M, Shankar K, Cleves MA, Saylors ME, et al.
Are early first trimester weights valid proxies for preconception weight?
BMC Pregnancy Childbirth. 2016;16(1):357.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Rangel Bousquet Carrilho et al. BMC Pregnancy and Childbirth          (2020) 20:734 Page 13 of 13


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Statistical analyses

	Results
	Discussion
	Strengths and limitations

	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

