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Abstract

There is growing interest in the relationship between gestational weight gain (GWG) and long-
term maternal and child outcomes, yet little is known about the accuracy of long-term maternal
recall of GWG. Our objective was to assess the accuracy of maternal recall of GWG at 4-12 years
postpartum (mean, 8 years) compared with medical-record documented GWG, and compare
recalled GWG to documented GWG with respect to their associations with adverse pregnancy
outcomes including small for gestational age (SGA) birth, preterm birth, cesarean delivery, and
postpartum weight retention (PPWR) (n = 503). Adequacy of recalled and documented GWG was
assessed according to the 2009 Institute of Medicine (IOM) guidelines. We observed moderate
agreement between documented and maternal self-reported GWG as continuous variables (r =
0.63, P < 0.01). When recalled GWG was used to categorize women, 45, 53, and 20% of women
with inadequate, adequate, and excessive documented GWG were misclassified, respectively.
When comparing models fitted with documented or recalled GWG, there were no meaningful
differences in associations between inadequate GWG and SGA birth (odds ratio 2.2 (95%
confidence interval: 1.3, 3.7) vs. 2.1 (1.2, 3.8), respectively) or excessive GWG and PPWR (2.5
(1.6, 3.9) vs. 2.5 (1.5, 4.0), respectively). However, the use of recalled GWG attenuated
associations between inadequate GWG and PPWR (documented: 0.5 (0.3, 0.9) vs. recalled GWG:
1.3 (0.7, 2.3)) and excessive GWG and preterm birth (documented: 2.5 (1.4, 4.5) vs. recalled
GWG: 1.5 (0.9, 2.7)). Our data suggest a varying degree of bias when using recalled GWG to
study selected adverse outcomes.

INTRODUCTION

Maternal gestational weight gain (GWG) is an important predictor of short-term maternal
and infant health outcomes (1), but less research is available on long-term consequences of
inadequate and excessive weight gain. Some data suggest that excessive GWG is associated
with postpartum weight retention (PPWR) and subsequent obesity in the short (up to 3
months postpartum) (2—6), intermediate (3 months—3 years) (6—8) and long term (up to 21
years postpartum) (9-12). In addition, a weak association between excessive GWG and
breast cancer has been reported (13). Researchers have also proposed biologically plausible
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mechanisms linking excessive GWG to maternal metabolic and cardiovascular diseases later
in life (14,15). GWG has also been associated with obesity among children 3-14 years of
age (16-19), childhood neurodevelopment (20), and cancer risk (13,21-23). However, gaps
in knowledge relating GWG to long-term child and maternal outcomes remain. In fact, in
their recently published report, the Institute of Medicine (IOM) called for more research
relating GWG to long-term outcomes for mothers and children in order to inform future
evidence-based guidelines on GWG recommendations (1).

Studies of long-term consequences of GWG may be retrospective in design, relying on
maternal recall of GWG data to reduce cost and time. Six months to 2.5 years after delivery,
maternal recall of GWG and self-reported delivery weight have been observed to be highly
correlated with that documented in the medical record (24,25). Nevertheless, little is known
about the accuracy of maternal recall of GWG many years postpartum. Quantifying the
degree of misclassification in recalled GWG may inform investigators about the desirability
of using recalled GWG in epidemiologic research. At the same time, it would provide
necessary validation data for sensitivity analyses to account for measurement error in
exposure-disease relationships (26,27). Our objectives were to assess the accuracy of
maternal recall of GWG at 4-12 years after delivery and examine the impact of reporting
error on associations between GWG and risk for adverse outcomes.

METHODS AND PROCEDURES

The Women and Infant Study of Healthy Hearts (WISH) is a cohort study of cardiovascular
risk factors assessed among women 4-12 years after the delivery of singleton infants who
were either small for gestational age (SGA, <10th percentile for based on hospital
nomograms), preterm (<37 weeks gestation), or term non-SGA births. Eligible women were
those who gave birth from 1997 to 2002 at Magee-Womens Hospital in Pittsburgh, PA who
did not have preeclampsia or prepregnancy hypertension or diabetes. Of the 4,908 eligible
women identified via a hospital electronic birth registry, 1,569 (32%) were located via mail
or phone and were screened. A total of 817 women (52.1%) declined participation, and an
additional 50 women were ineligible due to being currently pregnant or reporting that they
had preeclampsia or chronic hypertension before the index pregnancy. Of the women
screened, 702 (45%) provided informed consent and enrolled (318 term non-SGA births,
196 term SGA births, and 188 preterm births). The 702 enrolled women were more likely to
be African American (28.6% vs. 24.4%, P = 0.02) and were slightly older (37.3 vs. 36.8
years, P < 0.01) compared to eligible women. The institutional review board of the
University of Pittsburgh approved this study.

Of the 702 women enrolled, 683 had data on self-reported GWG. Of these, 180 were
missing information on documented GWG (n = 128 were missing pregravid weight, n = 37
were missing delivery weight, and n = 15 were missing both pregravid and delivery weight).
The final analytic sample was 503. Women included in the study sample were similar to
women excluded on a variety of sociodemographic, weight, and pregnancy characteristics
(data not shown). However, women with missing documented GWG were more likely to
have had a preterm birth (43% vs. 21%) than women included in the study sample.

Variables of interest

Self-reported GWG was assessed at 4-12 years after the target pregnancy with the question,
“What was your weight gain during this pregnancy?” Medical records for each woman’s
target pregnancy were reviewed to obtain pregnancy, labor, and delivery data, including
weight data. Prepregnancy weight, recalled at the first prenatal visit, and admission weight
at delivery (either measured or self-reported) were abstracted from medical records.
Documented GWG was calculated by subtracting the prepregnancy weight from weight at
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delivery admission. At the WISH study visit, height and current weight were measured.
Prepregnancy BMI (recalled pregravid weight (kg)/measured height (m)2) and current BMI
(measured weight (kg)/measured height (m)2) were categorized as underweight (BMI
<18.5), normal weight (18.5-24.9), overweight (25.0-29.9), or obese (=30.0). PPWR was
classified as current weight >5 kg over prepregnancy weight.

We defined adequacy of GWG as a ratio of observed GWG to expected (recommended)
GWG at the gestational age of delivery multiplied by 100, as described previously (28-30).
Expected GWG was defined as 100% of the 2009 IOM recommendations at the gestational
age of delivery (1). Percent of weight gain recommendations met were classified as
inadequate, adequate, or excessive based on ranges of IOM-recommended weight gains
(1,28,29). Because prior studies of self-reported weight have shown that rounding weights to
zero or five increases reporting error, (31,32) we evaluated for digit preference of zero, five,
or other. At the WISH participant visit, data on race/ethnicity (non-Hispanic black, other);
current marital status (married or marriage-like, unmarried); current maternal education (less
than high school, high school, some college, college graduate), current insurance (medicaid
or medicare, private, none); current annual household income (<$20,000; $20,000-$50,000;
$50,000-$100,000; >$100,000); current smoking (yes, no); current parity (one; two; three;
or more live births), and parity at target pregnancy (1, 2, >3 live births) were ascertained.
Additional variables collected from medical record review of the target pregnancy included:
birth weight; gestational length; route of delivery; breastfeeding (any/none); smoking during
pregnancy (yes/no); marital status at delivery (married, unmarried); education at delivery
(less than high school, high school, some college, college graduate); and insurance at
delivery (insurance, public assistance).

Statistical methods

Correlation analysis between self-reported GWG and documented GWG was carried out
using Pearson correlation. A paired t-test was used to determine if recalled GWG varied
significantly from documented GWG. The scatter between recalled and documented GWG
and of the residuals of the linear regression between recalled GWG and documented GWG
were analyzed graphically. Distribution of reporting error, categorized as underreporting by
>2.27 kg (5 Ib), reporting within 2.27 kg, and overreporting by >2.27 kg, was assessed using
y2-tests and ANOVA.

The effect of reporting error on IOM adequacy of GWG categories was tested by calculating
GWG adequacy categories first using documented and then using recalled GWG.
Agreement was assessed using the « statistic (33).

We assessed the impact of reporting error on associations between GWG and maternal and
infant outcomes (SGA, preterm birth, cesarean delivery, and maternal PPWR) by comparing
adjusted odds ratios generated from multivariable logistic regression models where GWG
adequacy was based on documented GWG with models where GWG adequacy was based
on recalled GWG. GWG was classified as inadequate, adequate, or excessive based on
ranges of IOM-recommended weight gains and entered into the models as indicator
variables with adequate GWG serving as the referent (1,28,29). Potential confounders,
selected a priori, were age at target pregnancy, race/ethnicity, parity at target pregnancy,
smoking during target pregnancy, marital status at delivery, education at delivery, insurance
at delivery, prepregnancy BMI, and time since delivery. Effect modification by
prepregnancy BMI and time since delivery were assessed using a likelihood ratio test (a =
0.05). Analyses were performed with SAS (version 9.2; SAS Institute, Cary, NC).
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On average, women tended to overreport their GWG by 1.0 kg (range —19 to 32 kg;
interquartile range —2 to 4 kg.). Self-reported GWG and documented GWG were moderately
correlated (r = 0.63, P < 0.01). Nevertheless, there was a systematic bias between recalled
and documented GWG. Not only was the mean of the raw differences between recalled and
documented GWG significantly different from zero (P < 0.01), but the equation predicting
documented GWG had an intercept of 12.4 and slope = 0.55 (Figure 1). These data suggest
that recalled GWG tended to overestimate documented GWG. Despite the systematic bias,
the scatter of the residuals plotted by predicted GWG exhibits uniformity of error (Figure 1).

Self-reported GWG was within 2.27 kg (5 1b) of the documented GWG in 45% of the
sample population; 33% overreported their GWG by more than 2.27 kg, and 22%
underreported their weight by >2.27 kg (Table 1). The distribution of reporting error was
significantly different across adequacy of GWG categories. On average, women who gained
an inadequate amount of weight were more likely to overreport by >2.27 kg, whereas
women who gained excessively were more likely to underreport (Figure 2). Non-Hispanic
black women were more likely to underreport their GWG by >2.27 kg, whereas women with
less than a high school education, unmarried women, and current smokers were more likely
to overreport (Table 1). Women whose target pregnancy was within 8 years of recall,
women reporting a GWG ending in zero or five, and women who were obese at WISH
enrollment were also more likely to overreport (P = 0.049, 0.047, and 0.01, respectively).
Reporting error did not differ by prepregnancy BMI.

Although the prevalence of inadequate, adequate, and excessive GWG was similar when
using documented GWG (22, 31, and 48%, respectively) and recalled GWG (22, 26, and
52%, respectively), there was only fair agreement in these categories (x = 0.43 (95% CI:
0.37, 0.49) (Table 2). Indeed, the use of recalled GWG misclassified 36% of women.
Women who gained excessively were less likely to be misclassified based on self-report
(80% agreement); only about half of women who gained inadequately (55%) and adequately
(47%) were correctly categorized based on self-report.

When comparing models fitted with documented or recalled GWG, there were no
meaningful differences in associations between inadequate GWG and SGA birth (odds ratio
2.2 (95% confidence interval: 1.3, 3.7) vs. 2.1 (1.2, 3.8), respectively) or excessive GWG
and PPWR (2.5 (1.6, 3.9) vs. 2.5 (1.5, 4.0), respectively) (Table 3). However, the use of
recalled GWG attenuated associations between inadequate GWG and PPWR (documented:
0.5 (0.3, 0.9) vs. recalled GWG: 1.3 (0.7, 2.3)) and excessive GWG and preterm birth
(documented: 2.5 (1.4, 4.5) vs. recalled GWG: 1.5 (0.9, 2.7)). Cesarean delivery was not
associated with documented or recalled GWG. Neither prepregnancy BMI nor time from
delivery madified the associations between GWG and any of the selected adverse outcomes.

Discussion

To our knowledge, this is the first study to assess the impact of reporting error on adequacy
of GWG categorization using the 2009 IOM GWG guidelines, and only the second to assess
the accuracy of self-reported GWG >2.5 years after delivery. Our results suggest that a
substantial proportion of women are misclassified into adequacy of GWG categories when
GWG is ascertained by maternal recall an average of 8 years after delivery. When GWG
was studied continuously, we observed a systematic bias, whereby recalled GWG tended to
overestimate documented GWG. When GWG was categorized, over 30% of women were
misclassified. Despite this systematic error, the magnitude and direction of bias in point
estimates relating GWG to SGA were not considerably different; however, the estimates
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relating excessive GWG to an increased risk of preterm birth and inadequate GWG to a
lower risk of PPWR were substantially attenuated and no longer significant when recalled
GWG was used to classify weight gain into IOM adequacy categories.

Our results confirm those by Schieve et al., who assessed the accuracy of self-reported
delivery weight among 3,518 respondents to the 1988 National Maternal and Infant Health
Survey at 6 to 31 months postpartum (25). Overall, the 1988 NMIHS data suggested
underreporting of recalled delivery weight by 1.28 kg. When categorizing GWG, 30-40% of
women were misclassified. Like us, Schieve et al. observed that women gaining the greatest
amounts of weight are more likely to underreport their GWG, whereas women gaining the
least amount are more likely to overreport GWG. In our study and Schieve et al., reporting
error was greater among women who were nonwhite, less educated and unmarried.
However, while Schieve et al. observed that reporting error increased with increasing
pregravid BMI, we found this to be the case with current postpartum BMI only. Differences
in our studies may be due to the study of weight at delivery vs. GWG and difference in
population characteristics.

Two other studies assessed the accuracy of maternal recall of GWG using correlation
analysis. In a study reporting the accuracy of GWG 32 years after delivery, maternal recall
was modestly correlated with documented GWG (r = 0.42), which was similar to our finding
(34). Other studies are required to confirm if reporting error is similar a decade or more
postpartum. In a study of maternal recall in the short-term (mean 6.6 months following
delivery), Biro et al. reported that adolescents reliably recall weight gain during pregnancy
(r =0.99) (24). Thirty-four of 40 subjects recalled their GWG within 0.91 kg of that
recorded in the medical record.

Despite our finding that 30% of women were misclassified based on self-reported GWG,
substantial bias was only noted when studying preterm birth and PPWR. There was no bias
for SGA in using recalled GWG. Similar to the results of Schieve et al., in the majority of
our analyses we found less pronounced associations of GWG with birth outcomes when
GWG was ascertained by self-report.

Measured GWG in our study was calculated using weight at admission to delivery (which
may have been either measured or self-reported by the mother) and prepregnancy weight
(which was self-reported). This method of ascertainment introduces a potential for bias into
the calculation of total GWG. Data suggest that both self-reported delivery weight and
recalled pregravid weight are underreported on average, but may vary widely among
individuals (25,35,36). Future research including physical measures of both pregravid and
delivery weights are warranted to determine the true accuracy of recalled compared with
documented GWG.

This analysis was limited to women who agreed to enroll in the WISH study and had
complete data for the analyses. Women excluded from these analyses were more likely to
deliver preterm infants than women with missing data. Each of these factors introduces
potential for selection bias. These results also may not be generalizeable to other populations
due to the recruitment of a convenience sample of women delivering SGA, preterm, or
uncomplicated births at a single, high-risk referral hospital in Pittsburgh, PA. The outcomes
we studied in relation to GWG were limited and did not include a measure of large-for-
gestational age births, childhood obesity, or other outcomes potentially related to GWG (1).
We were also limited in our ability to determine whether PPWR represented actual
gestational weight retained or postpartum weight gained.

As investigators pursue research to fill the gap in knowledge regarding long-term
consequences of GWG for mothers and offspring, our study’s findings highlight the
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potential for misclassification of GWG if relying on mother’s recall many years postpartum.
Nevertheless, our regression equation between recalled and documented GWG may be used

to

correct estimates of recalled GWG in future studies with similar populations. Moreover,

with the recent publication of automated methods to account for the impact of

m

isclassification on study results (26,27), epidemiologists can use recalled GWG and other

imperfectly measured exposures, covariates, and outcomes to study key questions in the
perinatal literature. Our data and others like it (25) that estimate the degree of misreporting
will be essential for informing such sensitivity analyses.
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Figure 1.

Graphical analysis of validity. Left panel: plot of recalled GWG by documented GWG;
regression equation: documented GWG = 12.43 + 0.55* recalled GWG; evidence of
systematic bias. Right panel: plot of residuals after linear regression of recalled GWG on
documented GWG by predicted documented gestational weight gain (GWG).
Approximately equal scatter around zero represents uniformity of error.
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Figure 2.
Distribution of reporting error by adequacy of gestational weight gain categories.
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Table 1

Distribution of reporting error comparing self-report and documented gestational weight gain, stratified by

covariates

GWG misreporting® (kg)

Under-report by more Report within  Over-report by more
than 2.27 (n = 112) 227(N=225)  than 2.27 (n = 166)
n (%) or mean (s.d.) n(%)ormean (s.d.) n(%)ormean(s.d) P value
Maternal characteristics at target pregnancy
Age (years) 28+7 30+6 28+7 <0.01
Race
Non-Hispanic black 43 (33) 43 (33) 46 (35)
Other 69 (19) 182 (49) 120(32)  <0.01
Marital status
Married or marriage-like 49 (17) 149 (52) 88 (31)
Other 63 (29) 76 (35) 78 (36) <0.01
Maternal education
<High school 15 (28) 16 (30) 22 (42)
High school 39 (25) 67 (43) 50 (32)
Some college 22 (23) 37 (39) 37 (39)
College degree 31(17) 100 (55) 52 (28) 0.03
Insurance
Insurance 58 (17) 166 (50) 111 (33)
Public assistance 54 (32) 59 (35) 55 (33) <0.01
Parity
1 57 (21) 129 (47) 89 (32)
2 33 (23) 63 (44) 46 (32)
3+ 22 (26) 33(38) 31 (36) 0.71
Breastfeed
Yes 57 (20) 134 (47) 96 (33)
No 55 (25) 91 (42) 70 (32) 0.31
Smoke
Yes 32 (28) 41 (36) 41 (36)
No 79 (20) 184 (47) 125 (32) 0.07
Prepregnancy BMI
Underweight/normal weight 75 (22) 164 (48) 100 (30)
Overweight 24 (22) 44 (40) 43 (39)
Obese 13 (25) 17 (32) 23 (43) 0.10
Adequacy of gestational weight gain
Inadequate 12 (11) 49 (45) 49 (45)
Adeguate 26 (17) 86 (56) 42 (27)
Excessive 74 (31) 90 (38) 75 (31) <0.01
Current maternal characteristics
Age (years) 37+8 39+7 3617 <0.01
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GWG misreporting? (kg)

Under-report by more
than 2.27 (n = 112)
n (%) or mean (s.d.)

Report within
2.27 (n = 225)
n (%) or mean (s.d.)

Over-report by more
than 2.27 (n = 166)
n (%) or mean (s.d.)

P value

Current income
<$20,000
$20,000-$50,000
$50,000-$100,000
$100,000+

Ever smoker
Yes
No

Current BMI
Underweight/normal weight
Overweight
Obese

Years since delivery
<8
>8

Reported gestational weight gain last digit
0
5
Other

Outcomes

Route of delivery target pregnancy
C-section delivery
Vaginal delivery

Preterm target pregnancy
Yes
No

SGA target pregnancy
Yes
No

Postpartum weight retention
Yes
No

36 (33)
27 (24)
31 (19)
14 (14)

66 (27)
46 (18)

41 (17)
37 (25)
34 (30)

41 (17)
70 (27)

53 (21)
34 (23)
25 (24)

17 (21)

95 (23)

29 (28)
83 (21)

29 (20)
83 (23)

69 (28)
43 (17)

34 (31)
46 (41)
82 (51)
51 (52)

90 (37)
135 (52)

124 (51)
65 (44)
36 (32)

111 (47)
112 (43)

108 (43)
59 (41)
58 (55)

36 (44)

189 (45)

43 (41)
182 (46)

69 (48)
156 (43)

93 (38)
132(51)

77 (32)
46 (31)
43 (38)

83 (35)
81 (31)

92 (36)
52 (36)
22 (21)

29 (35)

137 (33)

33 (31)
133 (33)

45 (31)
121 (34)

82 (34)
84 (32)

<0.01

<0.01

0.01

0.049

0.047

0.87

0.33

0.59

<0.01

aMisreporting = reported GWG-documented GWG.
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Table 2

Agreement between 10M adequacy of gestational weight gain categorization

Categorization Categorization based on

based on self-reported gestational

documented weight gain, N (%0) Total
gestational

weight gain Inadequate  Adequate  Excessive

Inadequate 61 (55) 28 (25) 21 (19) 110 (100)
Adequate 32 (21) 72 (47) 50 (32) 154 (100)
Excessive 16 (7) 32(13) 191 (80) 239 (100)
Total 109 (22) 132 (26) 262 (52)
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