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ABSTRACT

Self-reported maternal weight is error-prone, and the context of pregnancy may impact
error distributions. This systematic review seeks to summarize error in self-reported
weights across pregnancy and assess implications for bias in associations between
pregnancy-related weight and birth outcomes. We searched electronic databases
(PubMed and Google Scholar) through November 2015 for peer-reviewed articles
reporting accuracy of self-reported, pregnancy-related weight at four time points:
prepregnancy, delivery, over gestation, and postpartum. Included studies compared
maternal self-report to anthropometric measurement or medical report of these weights.
Sixty-two studies met inclusion criteria. We extracted data on magnitude, direction, and
variability of reporting error, and misclassification. We assessed impact of reporting
error on bias in associations between pregnancy-related weight and birth outcomes.
Women underreported prepregnancy (PPW: -2.94 to -0.29kg) and delivery weight (DW:
-1.28 to 0.07kg), and over-reported gestational weight gain (GWG: 0.33 to 3kg).
Magnitude of error was small, but ranged widely and varied by prepregnancy weight
class and race/ethnicity. Misclassification was moderate (PPW: 0-48.3%; DW: 39-49%;
GWG: 16.7-59.1%), and biased estimates of population prevalence, especially for
excessive gestational weight gain. However, reporting error did not largely bias
associations between pregnancy-related weight and birth outcomes. Though measured
weight is preferable, self-report is a cost-effective and practical measurement approach.
Future researchers should develop bias correction techniques for self-reported

pregnancy-related weight.



INTRODUCTION

Existing literature has identified maternal weight as a key contributor to
pregnancy and fetal health, as well as long-term health outcomes for mother and child
(1-3). Valid evidence requires the best possible measurement of study variables. The
gold standard for assessing body weight is measurement, by trained personnel, with a
calibrated scale using standardized procedures to weigh subjects wearing light-weight
clothing and no shoes (4). However, many studies of weight in childbearing women do
not meet this rigorous standard, relying instead on self-reported weight (1,5). Though
practical, using self-reported weight decreases precision and is prone to bias, limiting
interpretation of study findings. The extent and impact of self-reported weight errors on
study results in the context of pregnancy are poorly understood.

Maternal prepregnancy weight, gestational weight gain (GWG) and postpartum
weight are relevant indicators for studies of maternal and child health. While they are all
measured in slightly different ways, they all, in practice, incorporate maternal self-report
to varying degrees. Prepregnancy weight is almost universally based on maternal recall,
since few opportunities to measure women’s weight prior to conception arise (1). Non-
pregnant women of childbearing age underreport their weight from 0.2kg to 3.54kg (6-
8), and correction techniques, such as regression calibration (9,10), have been
developed to address this error (9,10). However, characteristics of reporting error for
prepregnancy weight may differ because women often report this weight after
conception. Recall predominantly occurs at first prenatal visit, but may be obtained any

time during or after pregnancy, creating potential for different magnitudes of error. Many



studies express maternal weight status using body mass index (BMI,
weight(kg)/height(m)?), which can conflate weight and height errors.

Typically, total gestational weight gain (amount of weight gained between
conception and delivery) is anchored on last weight prior to delivery, which may be
measured or reported when women are admitted for delivery, or may reflect measured
weight taken at last prenatal visit prior to delivery (often within 1week but varies by
gestational age (1,11)). However, many studies base gestational weight gain on self-
reported total weight gain (1,5).

Postpartum weight retention (amount of weight retained compared to weight prior
to conception) is anchored on postpartum weight evaluated within the year following
delivery. This weight often reflects weight measured at a postpartum clinic visit or
obtained by maternal report if a woman is recruited in to a study population. Such
studies vary on the time after delivery at which they collect weight measurement and
often do not collect repeated postpartum weight measures (12).

Self-reported measures at any of these times during pregnancy can introduce
bias if associated error is differentially distributed within the population (13).
Understanding magnitude, direction and impacts of such error on observed associations
between pregnancy-related weight and birth outcomes is important and can lead to
development of approaches to address bias for pregnancy-specific weight measures.
Additionally, there is growing use of self-reported weight from US birth certificates in
studies of maternal weight (e.g. (5,14-16)).

Two non-systematic reviews have investigated reporting error in pregnancy-

related weight measures (9,17). One focuses on error surrounding different techniques



used to measure weight during pregnancy (9). The other focuses only on reporting error
in prepregnancy weight only (17). However, neither focused on implications of reporting
error for misclassification or empirically assessed bias present in associations when
self-reported-weight measures were used in analyses. Furthermore, a number of key
studies have been published since these reviews were conducted (9,17). This indicates
the need for an updated and systematic review.

In this study, we systematically review data from clinical interventions, trials,
observational studies, and validation studies to assess accuracy of self-reported
pregnancy-related weight. In addition to documenting magnitude and direction of
reporting error, we focus on misclassification across clinically-relevant weight categories
at four key time points: prepregnancy, delivery, duration of gestation, and postpartum.
We then investigate variation in reporting error across maternal demographic and health
characteristics. Next, we assess impact of observed reporting error on bias in estimated
associations between pregnancy-related weight and birth outcomes. Finally, we discuss
methodological limitations of current literature and offer recommendations to address

bias in studies going forward.

METHODS

Search Strateqgy

We searched PubMed and Google Scholar search engines for relevant articles.
Google Scholar was used to complement PubMed because it searches articles’ full text
for keywords, identifying articles that report on accuracy of self-reported pregnancy-

related weight as supplementary analyses within the methods, results, or discussion



sections. Such papers would have been overlooked in traditional PubMed searches.
Google Scholar also includes a wider array of databases in searches (18),

Our search queries combined terms related to self-report, pregnancy,
prepregnancy, gestational weight gain, delivery weight, validity, accuracy and recall. A
full list of all queries executed is included in Supplemental Table1. In Google Scholar,
we reviewed results from queries in the order provided (sorted by citation frequency and
relevance; (18)) until 50 consecutive results failed to provide a relevant article. This
technique mitigated the fact that many queries returned over 2,000 articles. Searches
included literature published through November 25, 2015. We reviewed titles and
abstracts to determine if studies met inclusion criteria, and conducted full text reviews of
studies that did. We reviewed reference lists of selected articles to identify additional
papers. Eight studies were identified through this method, three of which met all

inclusion criteria.

Study Selection

Eligible studies compared maternal report of pregnancy-related weight
(prepregnancy weight, GWG, delivery weight, and/or postpartum weight) to an
anthropometric or medically reported measure of that weight. While medical reports of
weight often rely on patient self-reports, we included them as acceptable weight
references because they often reflect procedures conducted by trained personnel in the
clinical setting (19), and are used as reference points for assessing accuracy of self-
reported weight. All studies had to be published in English. Although self-reported

height is a potential source of bias in self-reported BMI for pregnant women, we



considered height measurement beyond the scope of this review and did not exclude
studies based on method of height measurement. Self-reported height in non-pregnant
populations is reported with error (6-8,20). Ideally, height would be measured during
pregnancy, but height does not vary much over pregnancy, suggesting that errors are

similar in non-pregnant and pregnant populations.

Data Extraction

We developed a data extraction form to identify relevant information on self-
reported, medically recorded, and anthropometrically measured pregnancy-related
weight at time points of interest. We extracted multiple measures of accuracy from each
study. Both continuous and categorical measures of pregnancy-related weight are
relevant for analytic purposes, and we extracted data on error for both variable types
(21-23). Correlation coefficients are informative for assessing linear relationships
between continuous weight measures, but do not provide adequate information on
absolute error (23,24). Thus, we also extracted information on mean difference between
self-reported and reference weight and variability of mean difference within study
populations (21,23). For categorical weight measures, misclassification better quantifies
error (22). We specifically focused on misclassification by clinically-relevant categories
for prepregnancy weight (25) and GWG (1) because such categories are relevant for
assessing risk of complications during pregnancy and determining whether women are
meeting GWG recommendations. Overall, we extracted information on five measures of
accuracy: mean difference between self-reported and reference weight, variability of

mean difference, correlation coefficient or agreement statistic (i.e. kappa), percent



agreement, and misclassification across relevant weight categories. We abstracted this
information by demographic and health status subgroups to assess variation of
reporting error across these characteristics.

We extracted information on source of weight reference (22,23). Gold standard
weight references required use of measured weight at all times, with light clothing, no
shoes, and appropriately calibrated equipment (4). Prepregnancy weight required
measurement prior to conception (1,26). Delivery weight required measurement at time
of delivery or at last clinical visit prior to delivery. Postpartum weight required
measurement within one year after delivery. GWG required the use of gold standard
weight measurements both for prepregnancy weight and delivery weight, as described
above (1,26). Other methods of assessing reference weight, including measured weight
at the wrong time (such as during the first trimester for prepregnancy weight) or use of
medical records that included self-reported prepregnancy weight, were considered
“alloyed” gold standards. Information on timing of reference weight measurement and

length of recall was also collected.

Validity Assessment Rating

Because multiple measures of accuracy are needed to comprehensively quantify
error for pregnancy-related weight (21-23), we scored studies based on their number of
reported measures of accuracy. Studies received one point for each of the following
measures: magnitude of error, variability of error, correlation coefficient/agreement
statistic, and misclassification. Because BMI-based weight categories (25) and GWG

adequacy categories (1) play a critical role in accurately directing prenatal care and



assessing risk for adverse birth outcomes in clinical settings (1), bias due to
misclassification across these categories can be particularly problematic. Thus, we gave
two additional points to studies reporting misclassification across of these weight
groups.

We also scored studies based on source of reference weight and sample size.
Studies using gold standard reference weights were given three points because
accuracy measures from such studies were least likely to be biased. Studies using
alloyed gold standard measures were scored lower because of the potential for residual
bias ((22,27,28). Studies using alloyed gold standards with measured weights taken at
non-ideal times received two points. Studies using alloyed gold standards from medical
records received one point because medical records are often still based on self-report
within the clinical context (1,5,19). Finally, one point was added for studies with sample
sizes 2150 (27,29) as estimates of error from these studies may be more precise than
those from smaller studies. There are many factors to consider when determining
optimal sample size for validation studies (27,29,30); we did not find clear criteria on
appropriate thresholds for larger sample sizes and so did not allot extra points for them.
Overall, as detailed in Table 1, studies could receive 2 to 10 points based on how

completely they assessed accuracy of self-reported pregnancy-related weight.

Study Synthesis

Use of self-reported pregnancy-related weight data is of concern because
reporting error may bias measures of association when used to assess relationships

with birth outcomes (22). Therefore, we evaluated measures of accuracy extracted from



studies based on implications for this type of bias. We used both a qualitative and
empirical approach. Qualitative assessment used the magnitude of each measure of
accuracy to infer potential bias resulting from self-reported weight error. This approach
assumed that higher error estimates (i.e. lower accuracy) indicated higher risk of bias
and higher likelihood of bias substantial enough to change interpretation of associations
(22,31). We used the set of criteria described in Table 2 to qualitatively classify risk of
bias as low, moderate, or high. Since we were unable to find criteria designed
specifically for pregnant populations, these criteria were based on those used to
evaluate reporting error in non-pregnant populations (7,32), with modifications to define
more explicit criteria for misclassification (33).

Empirical assessment of risk of bias was based on evidence from studies that
explicitly compared differences in measures of association using self-reported and
reference weight values. This approach provided explicit quantification of impacts of
bias. Measures of association from these studies were evaluated based on whether
self-reported weight changed the magnitude of association and the fundamental

interpretation (i.e. significant or not) of the relationship (yes/no).

RESULTS

Figure 1 displays results from our study selection. PubMed searches returned
533 studies; Google Scholar searches returned 2,780-28,800 studies per search.
Across all searches, 88 studies were identified for full-text review. After full-text review,
71 studies still met inclusion and exclusion criteria. Of these, a total of 18 studies

reported on the same study populations; we selected one to report on going forward:
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four used Project Viva (34-37); three used Kaiser Permanente Northern California
(26,38,39); two used the Generation R study in the Netherlands (40,41); two used the
Danish National Birth cohort (42,43); two used the Asthma Coalition on Community,
Environment, and Social Stress cohort (44,45); two used the Mater-University of
Queensland Study of Pregnancy (46,47); two used the National Collaborative Perinatal
Project (NCPP) (48,49); and two studies used the NELLI cohort in Finland (50,51). For
the NCPP population, we report findings for both studies because they report accuracy
measures for different times during pregnancy. For Kaiser Permanente Northern
California populations, Han et al. (39) is reported separately because they reports births
from a different time frame than Ferrara et al. (38) and Hedderson et al. (26). Multiple
studies were conducted at McGee Women’s Hospital in Pittsburgh, PA (5,15,52,53), but
populations included did not overlap. Overall, we abstracted data on reporting error from
62 study populations. Studies reported multiple pregnancy-related weight outcomes,
resulting in a total of 54 studies on prepregnancy weight, 6 studies on delivery weight,
14 studies on GWG, and 1 study on postpartum weight. Detailed descriptions of studies
can be found in Supplementary Table2.

Most studies (62.9%) were conducted in the United States. Over half (61.3%) of
populations were racially and ethnically heterogeneous (5,14-
16,19,35,38,39,41,44,49,52-78). Cohorts represented births from 1959 to 2013 and
length of recall ranged from three days (20) to 32 years in the past (48,49). All but 18
studies (5,14,16,48,49,55,56,65,66,68,72,73,76,79-81) were based on convenience
samples of women recruited from clinics or hospitals at the time of their first prenatal

visit or at time of delivery. Six studies were based on national samples from the US
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(48,49,54,62,66,76). Three studies were conducted in non-US, population-based
samples; one in the Netherlands (41); one in Denmark (43); and one in the United

Kingdom (80).

Validity Assessment Rating

Figure 2 displays the distribution of scores on our validity assessment scale.
None of the 75 studies identified received a score of ten, and four (5.3%) received a
score of nine. Twenty-nine studies (38.7%) scored five to eight points. Most studies
(56.0%) received a score of four or lower, indicating that they did not report multiple
measures of accuracy and/or relied on alloyed gold standards to assess validity.

Correlation coefficients or agreement statistics were the most widely reported
measure of accuracy, with 47 studies (62.7%) reporting these measures
(Supplementary Table3). Mean difference was reported in 43 studies (57.3%) and 18
also reported a measure of variability for this estimate. Misclassification was reported in
27 studies (36.0%), and 16 reported misclassification by clinically-relevant categories.
True gold standard weight references were used in 16 studies (21.3%). Of those using
alloyed gold standards, 35 (46.6%) used measured weight at a non-ideal time point and
24 (32.0%) used medical records. Most studies (n=56; 74.6%) had samples 2150
(Supplementary Table3).

Studies scoring higher on our scale of completeness provide more
comprehensive evidence on validity of self-reported pregnancy-related weight.

Therefore, going forward, we report findings from 33 studies with that scored five or

12



higher (44.0%). These studies were more likely to report two or more measures of

accuracy and use a stronger reference weight measure.

Magnitude of Error in Self-Reported Weight Measures
Prepregnancy Weight

Twenty-three studies reporting validity of self-reported prepregnancy weight
scored high on our validity assessment scale. Table 3 reports measures of accuracy;
studies are ordered by length of recall (shortest to longest) and source of reference
weight. Length of recall ranged from 9.2 weeks post conception (53) to 32 years in the
past (48). A total of 16 studies had short lengths of recall (within 20 weeks of
conception; (19,38,39,43,53,56-60,63,68,82-85)), five studies had medium lengths of
recall (20 weeks after conception to 1 year post-pregnancy; (5,14,35,66,86)), and two
studies had long lengths of recall (>1 year post-pregnancy; (48,72)). Studies with short
and medium length recalls had similar findings and are reported together here. Nine of
the 21 short/medium length recall studies used gold-standard weight references
(35,38,39,57-60,84,85). Among these gold-standard studies, correlation between self-
reported and measured weight was high (r=0.90(58)—0.99(35)). Women underreported
their prepregnancy weight by 0.34kg(39) to 2.94kg (57). There variability around this
mean difference was moderate (standard deviation (SD) range: 2.2kg(58)—5kg(59,84)).
Correct classification of women into relevant weight classes was high (86.7(39)-
91%(43)), but varied by prepregnancy weight class. Underweight (23.5% (39)),
overweight (16.5(39) — 27.0%(57)), and obese class | (24.3 (39)) women had the

highest prevalence of misclassification (Table 3).
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Findings from studies with short/medium lengths of recall using alloyed gold
standard weight references were similar to those using gold standard weight references,
but suggested a higher prevalence of misclassification (Table 3). All studies with long
lengths of recall used alloyed gold standards. Despite the longer time until recall, mean
difference was only slightly smaller and correlation slightly lower compared to studies

with short/medium lengths of recall.

Delivery Weight

Three studies reporting validity of self-reported delivery weight scored highly on
our validity assessment (Table 2; (20,57,76)). Two of these studies had short lengths of
recall (within six weeks of delivery; (20,57)). The remaining study had a long length of
recall, ranging from 6-31 months post-pregnancy (76). All studies used gold standard
weight references. Reporting error for studies with short lengths of recall ranged from -
0.3kg(20) to 0.07kg ((57); Table 3). Misclassification, based on agreement within 1kg,
was substantial (49%; (20)). The study with a longer length of recall reported greater
mean difference and women were more likely to underestimate delivery weight.
Prevalence of misclassification was lower, although misclassification was based on

agreement within 2.27kg (51b; (76)).

Gestational Weight Gain
Seven studies reporting validity of self-reported GWG scored highly on our
validity assessment scale (Table 3). Of these, five had short lengths of recall that

happened either shortly after conception (20 weeks) if prepregnancy was the only self-
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reported measure in GWG or shortly after delivery (<6 weeks) if women reported on
total GWG (5,57,58,78,84). One study had a medium length of recall within 6 months of
delivery (43), and one study had a long length of recall (4-12 years after delivery; (52)).
Three short/medium recall studies used gold standard weight references (57,58,84).
Correlation between self-reported and measured weight was low (r=0.6; (84)). Women
tended to over-report their GWG by 1kg(58) to 3kg ((57); Table 3). One study assessed
misclassification, finding that self-reported GWG overestimated population prevalence
of excessive GWG (57).

In studies using alloyed gold standard weight references, misclassification
ranged from 36%- 59% (5). Two studies assessed misclassification by both GWG
adequacy and prepregnancy weight class (5,78). Both found fairly low misclassification
for women with adequate GWG. One study additionally reported that misclassification
for low GWG and high GWG varied by prepregnancy weight and race/ethnicity (5).
Mean difference was smaller (0.33kg) in the one alloyed gold standard study reporting
this measure (Table 3).

Findings from the study with a long recall were similar to those from studies with
shorter lengths of recall, but misclassification for adequate and inadequate gainers was
larger ((52);Table 3). Self-reported GWG also overestimated population prevalence of
excessive GWG.

Ascertainment of self-reported GWG could either be reported directly by study
participants or calculated from self-reported pre-pregnancy and delivery weight.
Variation in error across these two ascertainment methods could be informative and are

reported here. Two of the seven high-scoring studies used self-reported GWG based on
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the former method (52,78) and five on the latter (5,43,57,58,84). While the small
number of direct-report studies precluded reliable assessment of variation across all
measures of accuracy, correlation coefficients and misclassification did not vary greatly

across this study characteristic (Table 3).

Postpartum Weight

We identified one study that investigated reporting error in self-reported
postpartum weight, and it did not score highly on our validity assessment scale. More
work is critically needed to appropriately assess reporting error in postpartum weight

retention.

Variation Across Maternal Characteristics

A total of 18 studies reported variation of reporting error in pregnancy-related
weight measures by different maternal characteristics
(5,14,19,35,39,44,48,49,52,59,63,66,71,72,76,77,84). Studies did not consistently
report the same maternal or demographic characteristics, so we focused on the few that
were reported most consistently across studies. Because a small number of studies
reported on variation by maternal characteristics, we included all studies regardless of

validity assessment score.

Prepregnancy Weight

Studies most consistently reported on maternal age (14,19,39,59,63,66,71),

socioeconomic status (SES) (14,39,59,63,66,72,84), and race/ethnicity
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(5,14,19,35,39,59,63,66,72). In these studies, black women had higher reporting errors
compared to white women (5,14,66,72), and reporting error did not vary by SES
(14,59,63,66,72). Evidence on variation of reporting error by maternal age was
equivocal. Three (14,39,66) of nine studies found that reporting error did vary by

maternal age, but conflicted on which age groups had the greatest error.

Delivery Weight

The one study investigating variation in reporting error for delivery weight across
maternal characteristics found variability across many characteristics (76). Reporting
error was larger for women with higher prepregnancy and current BMI, non-adequate
GWG (either low or high GWG), weight change from delivery to time of reporting, non-
white race/ethnicity, unmarried marital status, lower education, unintended pregnancy,
late or no prenatal visits, and subsequent pregnancy between measured and reported
weight (76). The majority of subgroups with larger reporting errors were more likely to
underreport delivery weight, but women with low GWG and women who gained weight

between delivery and recall were more likely to over-report delivery weight (76).

Gestational Weight Gain

Evidence supporting variation of reporting error in GWG across maternal
characteristics was mixed. The six studies we identified most consistently reported
variation in reporting error by education (48,49,52), race/ethnicity (5,52,78), and parity
(48,49). Error did not vary by maternal education (48,49), but did vary by race/ethnicity.

Minority women were less likely to accurately report GWG (52,78). Two studies (48,49)

17



investigated variation of reporting error by parity, and one found a higher correlation

between self-reported and medically recorded GWG within first pregnancies (49).

Implications for Birth Outcomes
Qualitative Assessment

Table 4 displays results from our qualitative assessment of bias. Measures of
accuracy were ranked based on whether they suggested a low, medium, or high risk of
bias based on the criteria discussed previously in Table 2. Studies were limited to those
that scored highly on our validity assessment scale. This qualitative assessment
suggested that overall risk of bias from use of self-reported preprepregnancy weight
was moderate to low, but varied by prepregnancy weight class (Table 4). Most studies
(94%) reported correlation coefficients greater than 0.8
(14,19,35,38,39,48,53,58,60,63,66,68,72,84-86), and magnitudes of error less than
2.27kg (5lbs; 85.7%) suggesting a low risk of bias
(5,14,19,35,38,39,43,48,53,56,58,63,68,72,82,84-86). However, variability in mean
difference was greater than 2.27kg (5Ibs) for 73.3% of studies
(5,19,43,48,53,56,58,59,82,84,86), suggesting that while bias in associations between
prepregnancy weight and outcomes may be small overall, it could be large for some
sub-sets of the population.

Prevalence of misclassification indicated that risk of bias could be substantial for
categorical measures of prepregnancy weight. Risk of bias was moderate to high in
most of the 13 studies that reported misclassification (Table 4;

(5,14,19,39,56,57,59,66,72,82,83,86)). Furthermore, misclassification varied by
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prepregnancy weight class. Sixty percent of studies on underweight women suggested
a high risk of potential bias. Similarly, 66.7% of studies on overweight women
suggested a high risk of bias. Studies for normal weight women all reported prevalence
of misclassification that suggested moderate to low risk of bias. Among studies for
obese women, only five studies found levels of misclassification suggesting a high risk
of potential bias when using self-report.

For delivery weight, measures of accuracy suggested that risk of potential bias
due to error from self-report was low for continuous measures (Table 4). All three
studies reported mean differences that were less than 2.27kg (5lbs; (20,57,76)).
However, risk of bias due to misclassification for categorical measures was high; both
studies reported misclassification greater than 20% (20,76).

For GWG, measures of accuracy suggested that potential bias due to error in
self-report was moderate to high. Mean difference was the only exception; 80% of
studies reported mean differences less than 2.27kg (5lbs) suggesting low risk of bias
(43,52,58,84). Nonetheless, studies reporting variability in error suggested that bias
could be moderate to high (43,84), and studies reporting correlation coefficients
suggested that bias could be high (52,84). Misclassification by relevant GWG adequacy
groups also suggested that risk of bias could be high. Four studies reported
misclassification prevalence greater than 20% when using self-reported measures

(Table 4; (5,43,52,78)).

Empirical Assessment

19



Studies that empirically estimate bias in measures of association resulting from
self-reported weight suggested that degree of bias was minimal. We identified eight
studies (13,39,52,56,67,76,87,88) across seven cohorts that assessed magnitude of
bias across a variety of pregnancy and birth outcomes. Among studies assessing bias
in prepregnancy weight, three found that associations between prepregnancy weight
and inadequate GWG, preterm birth, and small-for-gestational age were biased enough
to change the interpretation of the association when self-reported weight was used
(13,39,87).

One study assessed biases in associations between GWG and perinatal
outcomes due to self-reported prepregnancy weight (67). They found that associations
between inadequate GWG and both small-for-gestational age and gestational
hypertension were biased for normal weight and obese women (Table 5). These
authors also found that self-reported weight biased associations between excessive
GWG and gestational hypertension for underweight, normal weight, and overweight
women (Table 5). One study looking at self-reported delivery weight found that it biased
associations between GWG and birth outcomes enough to change the interpretation of
the associations for low GWG and low birth weight as well as high GWG and high birth
weight (Table 5) (76).

For GWG, one study found that the association between excessive GWG and
preterm birth was substantially changed due to bias from self-reported weight (52).
Another study found that associations between adequate GWG and infant mortality
were biased by self-reported weight measures (88) for underweight, overweight, and

grade | obese women. Across all 20 associations that were biased by self-reported
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pregnancy-related weight, approximately half were biased away from the null, detecting
an association not observed when appropriate reference weight measure were used
(data available upon request).

While the 20 associations described above were substantially biased by use of
self-reported pregnancy-related weight, they represent only 16.1% of the total
associations evaluated for bias across identified studies. For the remaining associations
(13,39,52,56,67,76,87,88), bias from use of self-reported weight measures was small
and did not change associations between pregnancy-related weight and birth outcomes

(Table 5).

DISCUSSION

Results of this systematic review confirmed that women underestimated their
prepregnancy weight, and overestimated their GWG. Magnitude of error was relatively
small, with high variability. Correlation was high between self-reported and objectively
measured prepregnancy and delivery weight and moderate for GWG. However,
misclassification was moderate to high for both prepregnancy BMI and GWG adequacy
categories. We found relatively little evidence on reporting of delivery weight and not
enough evidence for postpartum weight. We found evidence to suggest that minority
groups and women with high BMI may be more likely to misreport all weight measures
assessed, while evidence for maternal age, SES and maternal education was less
consistent. Importantly, despite documenting these errors in self-reported maternal

weight, a number of studies concluded that associations between self-reported
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prepregnancy weight or GWG and perinatal outcomes were similar when reporting error
was considered in their analysis.

This is the first systematic review, to the best of our knowledge, to assess
reporting error in multiple measures of weight over the course of pregnancy. Our
findings agree with previous non-systematic reviews (9,17) which find that while
correlation is high and mean difference is small (12), reporting error for self-reported
weight varies across individuals within populations and across sociodemographic
characteristics, such as age and education (17). Mean differences for self-reported
pregravid weight range from -1kg to -2.4kg (18). Our review adds new knowledge on
misclassification of women by prepregnancy BMI weight classes or GWG adequacy
categories. Misclassification led to differences in estimates of population prevalence of
some pregnancy-related weight measures. This may be concerning for excessive GWG
because self-reported measures overestimated prevalence, but more data is needed to
confirm this observation. Such findings have implications for program planning and
analyses using GWG as an outcome.

Reporting error in self-reported weight measures has been widely studied in non-
pregnant women (4,32). Non-pregnant women underreport their weight by 0.1kg to
6.5kg with substantial variation in individual error (6,32). These averages are higher
than we found in this review, perhaps because they are based on a wide range of ages,
and self-reported weight error may increase with age (7,32,54,89). Our findings are
more similar to those reported for non-pregnant women of childbearing age (-0.25kg
(89) to -2.09 kg (6)). Correction techniques have been developed to address error in

non-pregnant populations (10,32), and similarity in magnitude of reporting error for
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pregnancy-related weight suggests that these techniques may be applicable to pregnant
women. However, future research should confirm that correction methods apply to
weight measures at all key time points during pregnancy.

A main goal of investigating error in maternal pregnancy-related weight is to
assess its role in biasing associations with health outcomes. Studies in our review that
compared results using self-reported versus measured (39,52,56,67,76) or bias-
adjusted measures (13,87,88) of maternal weight found that over 80% of associations
between pregnancy-related weight and birth outcomes were not substantially biased.
For example, inadequate GWG was associated with small-for-gestational-age births
using both self-report and reference weight measures (52). However, studies have not
assessed impacts of misclassification when pregnancy-related weight is the outcome,
rather than the exposure. This is an important direction for future research because it
impacts potential bias in associations between risk factors and maternal weight
outcomes. Researchers should remain cautious when using self-reported GWG for
population prevalence estimation and more work is needed to determine whether self-
report ascertainment method (i.e. direct or calculated) influences magnitude of error and
misclassification. We could not identify any studies that directly compared differences in
validity for these two ascertainment methods and lacked enough data to make reliable
comparisons. However, such information can inform correction methods for self-
reported GWG going forward.

Overall, careful consider sample composition should be taken in order to
anticipate true impact of bias in any particular study. Self-report remains an easy and

efficient measurement approach for collecting weight information, and while it is
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reassuring that associations with health outcomes are usually unbiased despite
reporting error, it is important to develop bias correction techniques for pregnancy-
related weight measures. Especially, since clinical practice relies on accurate weight
measures to appropriately allocate care, such bias correction methods can aid in
correcting self-report that may occur within the clinical setting.

The current body of literature provides critical information on reporting error in
self-reported pregnancy-related weight, but three major methodological limitations
should be addressed to improve bias assessment going forward. First, many studies of
prepregnancy weight rely on “alloyed gold standards” against which to compare
women’s self-report. One type is clinical records of maternal weight at first prenatal visit
(e.g. (5,19,43)). This measure is almost always self-reported (1,5,19) and likely captures
reliability of women’s report rather than validity. Another type of alloyed gold standard
for prepregnancy weight is measured weight at first prenatal visit. However, timing of
first prenatal visit varies; in our review, it ranges from soon after conception to 22 weeks
post-conception. Thus, this alloyed gold standard may be capturing women’s actual
weight gain since conception (19,63,90). We found some evidence that magnitude of
error differed and misclassification was slightly larger when alloyed gold standards were
used, indicating that future studies should more consistently use gold standard weight
references. We recognize that ideal gold standard measures may be difficult to obtain
for prepregnancy weight because women may not routinely engage with the medical
system prior to pregnancy (90). Nonetheless, the development of preconception care
programs (91,92) and use of electronic medical records that include prepregnancy

weight (e.g. (39)) may aid with this. However, in the absence of these gold standard
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weight measures, researchers should give preference to alloyed gold standards based
on measured weight at first prenatal visit. Adjustment algorithms based on rate of GWG
and gestational age can then be applied to recover estimates of pre-pregnancy weight
(e.g. (63)). Future work should focus on developing these adjustment algorithms for use
when gold standard weight measures are not available.

Second, comprehensive assessment of reporting error in self-reported
pregnancy-related weight is limited by incomplete reporting on multiple measures of
accuracy. Many studies we identified reported only one or two measures of accuracy.
Correlation coefficients were most commonly reported, but this measure may artificially
represent agreement between the two measures, thus not capturing actual bias in
reporting error. Furthermore, studies that included multiple measures of accuracy found
that variability in error can be large and misclassification substantial even when
correlation is high. Future studies should report multiple measures of accuracy, with
particular focus on misclassification across clinically relevant prepregnancy weight and
GWG adequacy categories, which are used to guide care and assess risk of poor birth
outcomes in women.

Sampling design is the third methodological challenge. Many studies are not
designed to assess reporting error, resulting in samples that are limited, post hoc, to
women who happen to have both medically recorded and self-reported weight. This
reliance on convenience samples may bias findings if reporting error varies across
characteristics that are also associated with having complete medical records (93).
Bodnar et al. (5) counteract this concern using a balanced design (30) to intentionally

sample the population based on factors important for characterizing reporting error ,
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including race/ethnicity and prepregnancy weight (5). More studies should follow this
approach to ensure that appropriate sample sizes are available to assess validity of
pregnancy-related weight across multiple maternal characteristics. Overall, studies
addressing the methodological limitations described above will improve researchers’
ability to assess bias due to self-reported pregnancy-related weight.

Our review is subject to a few limitations. First, we included only studies
published in English. Second, despite our careful search strategy, it is always possible
that we missed some relevant articles. Finally, we were unable to identify relevant
studies on reporting error in postpartum weight retention. While this could reflect a gap
in our search approach; it could also be due to lack of studies that distinguish
postpartum weight from regular weight reported in non-pregnant women who happen to
be post-delivery. Studies that use self-reported postpartum weight may assume that
errors associated with it are similar to those in non-pregnant populations of women of
reproductive age (e.g. (12,94)). However, such errors may differ due to postpartum
lifestyle changes and stress associated with adding a new child to the family (95).

Future work should address this gap.

CONCLUSION

While measuring weight using standardized measures is optimal and can be
supported through the advent of electronic medical record data on weight before, during
and after pregnancy (1), self-reported weight remains an easy and efficient option for
maternal weight measurement. This systematic review investigated the accuracy and

misclassification of self-reported, prepregnancy, gestational and delivery weight. While
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average error was small, misclassification still influenced population prevalence
estimates of prepregnancy weight and GWG adequacy. However, reporting error did not
seriously bias observed associations between pregnancy-related weight and birth
outcomes. Nonetheless, in order to ensure that pregnancy-related weight risks can be
more accurately quantified, it is imperative that bias correction techniques be developed
based on more complete validity data. Future studies should be conducted in large,
diverse, nationally representative samples of pregnant or recently pregnant women,
using appropriate gold standards to assess multiple measures of accuracy and support

this research need.
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