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Measured weight in early pregnancy is a valid method for estimating pre-pregnancy weight
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ABSTRACT
Estimation of pre-pregnancy weight is difficult because measurements taken before pregnancy are rarely available. No studies have compared various ‘proxy’ measures using recalled weight or based on early pregnancy weight with actual measurements of pre-pregnancy weight. The Southampton Women’s Survey (SWS) recruited women during 1998-2002 who were not pregnant. Data on 198 women with an estimated date of conception within three months of recruitment were analysed. Three proxy measures were considered: (1) recalled pre-pregnancy weight obtained during early pregnancy, (2) measured weight in early pregnancy and (3) estimated pre-pregnancy weight using a published model. Mean (SD) recalled weight was 1.65 (3.03) kg lighter than measured pre-pregnancy weight, while early pregnancy weight and weights from the published model were 0.88 (2.34) kg and 0.88 (2.33) kg heavier, respectively. The Bland-Altman limits of agreement for recalled weight were -7.59 to 4.29 kg, wider than those for the early pregnancy weight: -3.71 to 5.47 kg and the published model: -3.68 to 5.45 kg. For estimating pre-pregnancy weight, we recommend subtraction of 0.88 kg from early pregnancy weight or the published model, or addition of 1.65 kg to recalled weight. Estimates of pre-pregnancy BMI and gestational weight gain categories were very similar when using early pregnancy and published model weights but they differed from those using recalled weight. Our findings indicate that calculations of first trimester weight gain using recalled weight must be treated cautiously, and a measured weight in early pregnancy provides a more precise assessment of pre-pregnancy weight than recalled weight. 
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INTRODUCTION
As prevalence rates of overweight and obesity have risen, there has been an increasing focus on maternal pre-pregnancy overweight and obesity and excessive gestational weight gain in relation both to the effects on women themselves and their children.1, 2 Clinically, there is concern about women entering pregnancy affected by overweight or obesity, not least in relation to the associated risks of gestational diabetes and poor birth outcomes.1 Many cohort studies and trials have assessed pre-pregnancy body composition and gestational weight gain and related them to outcomes in women, such as gestational diabetes and weight retention, birth outcomes, and childhood health, body composition, temperament, mental health and educational attainment.3-16 Additionally, influences on gestational weight gain itself have been investigated, and interventions conducted to try to reduce it.17-20 
In 1990, the Institute of Medicine produced guidelines for weight gain during pregnancy,21 with the recommended amount of weight gain varying according to pre-pregnancy body mass index (BMI). These guidelines were revised in 2009,22 and are used widely in clinical practice and research for categorising gestational weight gain as inadequate, adequate or excessive. The 1990 guidelines included guidance on assessment of gestational weight gain and recommended that pre-pregnancy weight is best determined from a weight measured at a recent preconceptional visit and that self-reported pre-pregnancy weights must be evaluated for plausibility and discarded if they are suspect. In the 2009 revision, it was noted that a pre-pregnancy measure was the ideal but that, practically, pre-pregnancy weight should be recalled at the first prenatal visit using a standardised question. In reality, a measured pre-pregnancy weight is rarely available and, furthermore, a measured weight obtained too long before conception may differ from the woman’s actual weight in the periconceptional period. Clinically, most women are not weighed until already pregnant, and most research studies recruit participants during pregnancy or after the child’s birth. Generally, pre-pregnant weight is obtained by recall. More recently, gestational weight gain charts have been produced using data on more than 200,000 women in 33 cohorts from Europe, North America, and Oceania, but for almost all the women, pre-pregnancy weight was self-reported during or after pregnancy.23
To date, the focus on estimation of pre-pregnancy weight has been on the accuracy of recalled weight.24-26 There is little information on whether an early pregnancy weight, before major pregnancy weight changes have taken place, might be as accurate as, or better than, a recalled measure. Gillmore and Redman27 reviewed alternative methods but did not find any that they could recommend. However, they only identified one study of the use of early pregnancy weight as an estimate of pre-pregnancy weight on which to base their assessment.28
Recently, Thomas et al29 used data from Project Viva and other studies to estimate pre-pregnancy weight. Their method was developed using measures of pre-pregnant weight that had been recorded in clinical records in the three months before conception. 
To our knowledge, no studies have compared proxy measures of preconception weight based on recalled or early pregnancy weight with a gold standard pre-pregnancy measurement made according to research standards in the general population, rather than in those seeking healthcare before conception. Thus, our aim was to compare actual measured weights taken in the three months before conception with three proxy assessments as follows:
· Recalled weight reported by the women at around 11 weeks’ gestation
· Weight measured at around 11 weeks’ gestation
· The Thomas method described above29 
We also aimed to compare the recalled, early pregnancy and Thomas weights in a larger group of women, and assess how the allocation of the women to pre-pregnancy BMI groups and to IOM gestational weight gain categories differed when the three pre-pregnancy weight proxy estimates were used. 

METHODS
Participants and measurements
We conducted a validation study of different methods of assessing pre-pregnancy weight using data from the Southampton Women’s Survey (SWS) prospective cohort study. A detailed description of the Southampton Women’s Survey has been reported previously.30 Briefly, between 1998 and 2002, 12,583 women aged 20-34 years from the general population who were not pregnant were recruited through general practitioners in Southampton, UK, and the surrounding area. They were interviewed in their homes, where their weights were measured to the nearest 0.1kg using portable digital scales (Seca, Germany), which were regularly calibrated. Height to the nearest 0.1cm was measured with a portable stadiometer (Harpenden, CMS Weighing Equipment Ltd., London), with the woman’s head in the Frankfort plane. Women who subsequently became pregnant were invited to visit the Southampton Women’s Survey Ultrasound Unit at the Princess Anne Hospital in Southampton at around 11, 19, and 34 weeks’ gestation. 3,158 women participated in the pregnancy follow-up phase of the study and delivered a live-born singleton baby. At the early pregnancy visit (around 11 weeks’ gestation), the women were again weighed on digital scales, calibrated using the same procedure as the scales used in the initial pre-pregnancy interviews. The women were also asked “How much did you weigh 3-4 months ago, i.e. before you became pregnant?” Height was not re-measured during pregnancy. Gestational age at birth was determined using a detailed algorithm combining last menstrual period date and early ultrasound data. Estimated date of conception was derived from the date of delivery minus gestational age at delivery plus 14 days. 

Fig 1 shows how SWS women were selected for particular comparisons. The main analysis (see left hand side of Fig 1) was based on women whose estimated date of conception was within three months of the initial recruitment interview, as this is traditionally considered to be the pregnancy-planning period.31 Among these women, we used the weight as measured at the recruitment interview as the ‘gold standard’. We considered three estimates of this measure, namely the pre-pregnancy weight recalled by each woman, the weight measured in early pregnancy and a pre-pregnancy weight estimated according to the formula of Thomas et al:29

 
where y = pre-pregnancy weight (kg)
x1 = first trimester measured weight (kg)
x2 = gestational age (days) at first weight measurement
x3 = height (cm)
x4 = maternal age (years)
x5 = parity
A sensitivity analysis was conducted in which we focused solely on the subset of women who had conceived within one month of the initial interview. The aim was to assess whether the findings from the full three-month period were influenced by those who had taken longer to conceive and who might have been more likely to change their weight between interview and conception. 
As many studies recruit participants at the end of the first trimester of pregnancy or later, an additional analysis considered only the women whose early pregnancy visit had occurred at or after 12 weeks’ gestation in order to assess whether the accuracy of measured early pregnancy weight as a proxy for pre-pregnancy weight was dependent on gestational age at the early pregnancy visit.
In research, both recalled weights and early pregnancy measures have been used as proxies for pre-pregnancy weights, but these have rarely been compared. We used the cohort of all SWS women who became pregnant and had both an early and late pregnancy weight measure and a recalled weight (see right hand side of Fig 1), to compare the three proxy weight measures with each other, and then to compare the resulting allocations of the women into pre-pregnancy BMI and gestational weight gain categories. 
All phases of the Southampton Women’s Survey were approved by Southampton and South West Hampshire Local Research Ethics Committee and written consent was obtained from all participants. 
 
Statistical methods for the comparison of estimates with the measure pre-pregnancy weight
The measured weight before pregnancy was regarded as the gold standard measurement of pre-pregnancy weight. The three proxy weights, namely the recalled pre-pregnancy weight, the measured early pregnancy weight and the estimated weight using the Thomas method, were each compared with the gold standard measurement. The assessment of differences was performed using the methods described by Bland and Altman,32 with the results being presented as plots of the differences between the two measurements against their mean, the limits of agreement, and 95% confidence intervals (95%CIs) around those limits. Further analyses examined the trend in differences in relation to the mean of the measurements, to assess whether the differences varied by pre-pregnancy weight. The trend was assessed by regressing the differences on their average. Analyses were performed using Stata 14.0 (StataCorp). 

Statistical methods for the comparison of pre-pregnancy weight estimates in the full SWS cohort
For the full cohort of SWS women who became pregnant, we used the three proxy measures, recalled weight, early pregnancy measured weight and the Thomas estimate. We took account of the mean over- or under-estimation identified in the work on the small cohort of women who conceived within three months. Thus, we added or subtracted the mean difference between these weight estimates and the ‘gold standard’ pre-pregnancy weight. We compared these adjusted weights with each other and used them to derive the estimated pre-pregnancy BMI category (underweight (BMI < 18.5kg/m2), normal (BMI between 18.5 and 25kg/m2, overweight (BMI between 25 and 30kg/m2) or obesity (BMI ≥ 30kg/m2) for each woman. Using the weight measurement made in the SWS at around 34 weeks’ gestation, we derived estimated weight gain from before pregnancy to this gestational age, and, using the IOM classification,21, 22 classified the women into the three weight gain categories of ‘inadequate’, ‘adequate’ and ‘excessive’. The resulting categories of BMI and gestational weight gain derived using the three proxy measures of pre-pregnancy weight were then compared. 

RESULTS
Among the participants in the Southampton Women’s Survey pregnancy follow-up study, 2,028 had measures of pre-pregnancy measured weight (the ‘gold standard’), pre-pregnancy weight recalled in early pregnancy and measured weight at the early pregnancy visit at around 11 weeks’ gestation. Among these women, 198 had an estimated date of conception within three months of their recruitment interview, and these women form the sample for the first part of this analysis (see Fig 1). Details of the included women are given in Table 1 along with those of the other 1,830 Southampton Women’s Survey participants who became pregnant and had all three recorded measurements, but had an estimated date of conception more than three months after their recruitment interview. 
The 198 included participants were on average slightly older, and more likely to be of non-white ethnicity and multiparous than the other Southampton Women’s Survey women. There were no important differences in educational attainment or in the anthropometric measurements between the two groups. The 198 participants had a wide range of pre-pregnancy weights (40 to 119kg), and the BMI range was 16.4 to 43.6kg/m2, with 6 (3%) women being affected by underweight (BMI < 18.5kg/m2), 43 (22%) by overweight (BMI between 25 and 30kg/m2) and a further 37 (19%) by obesity,  (BMI greater than 30kg/m2). In terms of BMI categories, the included participants were more likely to be affected by obesity than those not included, but less likely to be affected by overweight. The early pregnancy interview was targeted to take place at around 11 weeks’ gestation and the actual gestational ages at this visit were similar for the 198 included participants and the remainder of the other Southampton Women’s Survey participants. 


Comparison of proxy and gold standard measures
The Bland Altman plots comparing each of the three proxy estimates of pre-pregnancy weight with the pre-pregnancy measured weight (the gold standard) are shown in Fig 2. The mean differences are shown by the solid horizontal line, and details are given in Table 2. 
The recalled weights tended to underestimate the pre-pregnancy measured weights by a mean (standard deviation (SD) difference of 1.65 (3.03) kg (Fig 2A). In contrast, both the early pregnancy measured weights and the Thomas method weights overestimated the pre-pregnancy measurements by means (SDs) of 0.88 (2.34) kg and 0.88 (2.33) kg respectively (Figs 2B and 2C). The limits of agreement were wider apart for the recalled weights (a width of 11.88 kg) than for the early pregnancy measured weights (9.18 kg width) and the Thomas weights (9.13 kg width), as can be seen in Fig 2 and Table 2. Notably, 10.1% of the recalled weights differed by more than 5 kg from the gold standard measured pre-pregnancy weights, and 2.5% differed by more than 10 kg. The corresponding percentages for the differences between the gold standard weights and both the early pregnancy weights and the Thomas weights and were 4.5% and 0%. 
The dotted lines in Fig 2 show the trend lines for the differences between the measures regressed on their average, and Table 2 gives the regression coefficients. In Fig 2A, which presents the comparison of the recalled weight with the gold standard measured pre-pregnancy weight, the trend is negative, with the regression coefficient being -0.054 kg (95%CI:-0.083 to -0.025) for each kilogram increase in the average measurement. Thus, women who were heavier tended to under-estimate their pre-pregnancy weight more than those who were lighter. The mean difference between the recalled and measured weight in the 118 women with a pre-pregnancy BMI < 25kg/m2 was -1.18 (95%CI: -1.59 to -0.78) kg compared with the 80 women with a BMI ≥ 25kg/m2 for whom the difference was -2.35 (95%CI: -3.21 to -1.49) kg (P-value for difference 0.008). In Fig 2B, which shows the comparison between the early pregnancy measured weights and the gold standard pre-pregnancy measured weights, the trend is less apparent with a regression coefficient of -0.020 kg (95%CI: -0.042 to 0.003) per kg increase in the average measurement. This suggests that women who were lighter tended to put on marginally more weight in the first trimester of pregnancy than women who were heavier. Indeed, the mean increase in weight from before to early pregnancy in women with a pre-pregnancy BMI < 25kg/m2 was 1.11 (95%CI: 0.72 to 1.49) kg compared with an increase of 0.55 (95%CI: -0.03 to 1.13) kg in women with a BMI ≥ 25kg/m2 (P-value for difference 0.10). Finally, Fig 2C presents the comparison of the Thomas estimates and the pre-pregnancy measured weights. The mean difference (0.88 kg) and the limits of agreement (-3.68 to 5.45 kg) are remarkably similar to those for the comparison of the early pregnancy weights with the measured pre-pregnancy weights (mean 0.88 kg, limits of agreement: -3.71 to 5.47 kg). However, the regression line has a slightly steeper negative slope, indicating a greater tendency for the Thomas method to overestimate the weights of women who were lighter and underestimate them for those who were heavier. The mean increase in weight from before to early pregnancy in women with a pre-pregnancy BMI < 25kg/m2 was 1.20 (95%CI: 0.83 to 1.59) kg compared with an increase of only 0.40 (95%CI: -.183 to 0.98) kg in women with a BMI ≥ 25kg/m2 (P-value for difference 0.02). 
Focusing on the 74 women whose early pregnancy visit took place at 12 weeks’ gestation or later (median 12.7 weeks, interquartile range 12.1-13.1 weeks), revealed similar results to those in the entire sample. The recalled weight under-estimated the actual measured weight by a mean of 1.40 kg, slightly less than the under-estimation in the full study sample (1.65 kg). The early pregnancy measured weight and the Thomas method over-estimated the actual measured weight by mean of 1.10 kg and 1.05 kg, slightly more than the average using both methods for all women in the full sample (0.88 kg). 
In our full analysis sample, 61 women had conceived within one month of the initial interview. Repetition of the analyses on this sub-sample gave similar findings to those for the full sample of 198 women; compared with the full sample, the width of the limits of agreement increased slightly for the recalled weights from 11.88 to 12.42 kg but reduced slightly for the both the proxy early pregnancy measured weights (from 9.18kg to 8.07 kg), and the Thomas method (from 9.13 to 7.85 kg). 

Comparison of weight estimates in the full SWS cohort
Some 1,877 women had all the necessary measures to be able to compare the proxy measures (Fig 1), though, for six women, missing data on some of the variables required for the Thomas method meant that it could not be calculated. Given that the early pregnancy weights and Thomas weights tend to over-estimate the pre-pregnancy weights while the recalled weights tend to be an under-estimate, we adjusted each measure by its mean difference from the true pre-pregnancy measured weights obtaining the Bland-Altman analyses above. Thus we subtracted 0.88 kg from the early pregnancy measured weights and the Thomas weights and added 1.65 kg to the recalled weights. The Bland-Altman plot comparing each pair of adjusted proxy pre-pregnancy weight measures is shown in Fig 3 and reveals considerable differences between the recalled weights and the two other proxy estimates. The limits of agreement were wide, being 13.3 kg and 13.2 kg apart respectively for the comparisons between the recalled weights and each of the early pregnancy measured and Thomas weights. In contrast, the limits of agreement for the comparison of early pregnancy measured weights and Thomas weights were much narrower, being only 1.18 kg. The adjusted weights differed by more than 10 kg for 17 (0.9%) women between the early pregnancy measured and recalled weights, for 15 (0.8%) women between the Thomas and recalled weights, and for no women between the early pregnancy measured weights and the Thomas weights. 

Comparison of pre-pregnancy BMI group allocation and gestational weight gain using the two estimated pre-pregnancy weight measures
Using the adjusted proxy measures described above, for each woman we derived her estimated pre-pregnancy BMI group and gestational weight gain category using IOM guidelines.21, 22 The comparisons between the three methods for pre-pregnancy BMI are given in Table 3. In the comparisons between the recalled weight and the two other proxy measures shown in Tables 3a and 3b, 87% of women were categorised to the same BMI group, with the remaining 13% being allocated to different but neighbouring categories; two women were allocated to groups that were two categories apart (normal weight and obesity). Table 3c shows the comparison of the early pregnancy weight and the Thomas method, and 99% of women were allocated to the same category by both methods. 
The level of agreement between the methods for gestational weight gain is shown in Table 4 and was less good than for BMI category. 72% of women were allocated to the same group using the early pregnancy weight and recalled weight (Table 4a), and 73% for the Thomas weight and recalled weight (Table 4b), For the two comparisons, 24 (1.3%) and 27 (1.4%) women respectively were in the inadequate weight gain category according to one estimate and the excessive weight gain category according to the other. Concordance between gestational weight gain categories using the early pregnancy weight and Thomas weight was higher at 95%, and no women were categorised as having weight gain that was inadequate using one method and excessive by the other.



DISCUSSION
Main findings
Weight measurements made in early pregnancy, and estimates using the Thomas method, were on average 0.88 kg higher than actual pre-pregnancy measured weights. Both these methods were closer on average to the measured pre-pregnancy weights than recalled weights, which under estimated the pre-pregnancy weight by a mean of 1.65 kg. The early pregnancy weights and the Thomas weights had narrower limits of agreement than the recalled weights when compared with the pre-pregnancy measured weight. While women can provide a recalled pre-pregnancy weight estimate, not all can do so precisely. Notably, women who were heavier tended to underestimate their pre-pregnancy weight more than those who were lighter. The Thomas method also showed a tendency to underestimate weights of women who were heavier, but not to such an extent. There was less evidence that the early pregnancy weights underestimated the pre-pregnancy weights as women became heavier. 
Some women recall their weights with considerable error and in 2.5% of women the error exceeded 10 kg. Even when the analysis was confined to those women whose early pregnancy visit occurred later in gestation, the measurements at those early pregnancy visits or the Thomas weights were still more accurate estimates of pre-pregnancy weight than the recalled weights. The sensitivity analysis restricted to those who became pregnant within one month of initial interview showed similar results to the findings from the full sample. Thus, a measurement of weight during the first trimester, or use of the Thomas method provides a more accurate and precise estimate of the pre-pregnancy weight than a recalled measure, though, due to the weight gain in early pregnancy a measurement made during this time over-estimates the pre-pregnancy weight by 0.88 kg on average. Despite the adjustments made for other factors in the Thomas method, the resulting estimates differed little from the early pregnancy weights. 
	Our comparison of the proxy weight measures in the full SWS cohort and their use in the calculation of pre-pregnancy BMI and gestational weight gain showed considerable differences between the use of recalled weights and the other two proxy weights. Some women were classified into different BMI or gestational weight gain groups depending on which weight estimate was used. The discrepancies were greater for gestational weight gain than for pre-pregnancy BMI. It is worth noting that gestational weight gain uses the pre-pregnancy weight estimate twice in its calculation, as the categorisation is based both on pre-pregnancy BMI and on the change in weight from before to late pregnancy. 

Comparison with other studies
A comprehensive systematic review of the accuracy of self-reported pre-pregnancy weight found that the mean under-reporting in the reviewed studies ranged between 0.29 kg and 2.94 kg but the variability around the means, and thus the precision of the estimates, was rarely quantified.24 The time between the gold-standard recorded measurement and the date of conception was not often recorded, though some studies restricted the measurements to specific time periods prior to conception.25, 26 Some studies simply compared current reported weight, rather than a pre-pregnancy recalled weight, with an early pregnancy measured weight to check the accuracy of reported weights.26, 33, 34 The gold standard measurements in the reviewed studies that had pre-pregnancy weights were made at clinical visits prior to pregnancy, so the women in these studies were seeking health care at the time, and may not be representative of the general population. It is also theoretically possible that women who have been measured formally for the gold standard assessment may later recall their pre-pregnancy weight more accurately than women who have had no such measurement made, a problem that affects our study too. 

Strengths and limitations
To our knowledge, no other study has measurements of pre-pregnancy weight assessed in a research setting on regularly calibrated scales and then measured in pregnancy using scales calibrated in the same way. The initial pre-pregnancy measurements were made in women age 20-34 years drawn from the general population, rather than women seeking medical care. 
The age range in this study did not extend below 20 or above 35 years, nor were the women diverse in terms of ethnicity, as 94% of them were white. The data were collected around two decades ago. Since then rates of overweight and obesity have been rising, though not as rapidly as before 2000.35 More than 40% of the study women were affected by overweight or obesity compared with current estimates closer to 50% for women in the same age group,36 so our study population may not represent women currently entering pregnancy.
Over the past two decades, it is possible that women have become more aware of their weight and recall it more accurately. Two general population studies conducted later than ours, have shown smaller differences between recalled and measured weight than we did, but wider limits of agreement than we have shown here, However, these studies were not in women who were pregnant and one of these focused only on individuals with overweight.37, 38 The most recent study we have found comparing recalled weight in pregnancy with pre-pregnancy weight39 also had a smaller difference between the two measures than we did, at approximately 1 kg. Notably, though, the standard deviation of the differences was large at 5.2 kg, compared with 3.0 kg in our study, and their range of differences from -47.0 to 45.4 kg was also wider than the range seen in our study (-17.6 to 7.1 kg). This study, conducted more than a decade after ours, albeit in the United States, indicates that women, while on average becoming more accurate, may have become less precise in recalling their pre-pregnancy weight than we found in our study. We have been unable to find other recent studies comparing recalled and actual weights over short periods of time. Generally, while the average differences between recalled and measured pre-pregnancy weights are not large and may have reduced over time, the precision is poor and, for individual women, the error can be great. 
The number of women contributing to the development of the recommendations in this study is modest, but as date of conception cannot be predicted, increasing this number would be difficult. Indeed, few studies have attempted to estimate pre-pregnancy weight and compare the various estimates with actual measurements. We compared the estimates of pre-pregnancy weight from the formula derived by Thomas et al29 with our early pregnancy weights and found that they were remarkably similar. However, our early pregnancy measures were all around 11 weeks’ gestation (range 8.5 to 14.5 weeks). The Thomas formula may well provide more useful measures if the first weight assessment in pregnancy occurs at a later gestation, as it applies up to 20 weeks’ gestation. Thus, in different populations, given that the method of Thomas et al allows adjustment for a variety of relevant factors, their method may well provide a more useful approach. However, it is noteworthy that our early pregnancy estimates and those derived from the Thomas method were almost identical, and the Thomas method also had an element of over-estimation of a mean of 0.88 kg in our study. This may reflect differences in procedures between routine clinical and research weight measures. 

Conclusions and recommendations
Recalled measures may be the only estimates of pre-pregnancy weight available and, if so, then they would benefit for an adjustment to account for the underestimation. However, we suggest that early pregnancy weights or use of the Thomas method provides better estimates where the data are available, particularly if an adjustment for overestimation is made. The Thomas method requires more data than the early pregnancy weights, though the information required is likely to be available for its use, but not always. That method may also be useful if the earliest weights available occur later in gestation than in our study. 
Only if an actual measure of weight has been recorded in the immediate preconception period and a measured weight near the end of the first trimester is available, does it seem possible to estimate first trimester weight gain. As considerable error exists in recalled weights, estimates of first trimester weight gain using such measures should be interpreted cautiously.
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Legend for Figure 1. 
Flow chart showing classification of Southampton Women’s Survey participants into the analysis groups. 

Legend for Figure 2
Bland Altman plots comparing each proxy measure with the actual pre-pregnancy weight
A. Recalled pre-pregnancy weight 
B. Early pregnancy measured weight 
C. Thomas method weight

Solid line = mean difference, dotted lines = limits of agreement, shaded area = 95%CIs around the limits of agreement,
Dashed line = fitted regression line

Legend for Figure 3. 
Bland Altman plots comparing the pairs of adjusted proxy measures with each other
A. Adjusted recalled pre-pregnancy weight and adjusted early pregnancy weight measurement 
B. Adjusted recalled pre-pregnancy weight and adjusted Thomas method weight 
C. Adjusted early pregnancy weight and adjusted Thomas method weight

Solid line = mean difference, dotted lines = limits of agreement, shaded area = 95%CIs around the limits of agreement,
Dashed line = fitted regression line
Adjustments: Recalled pre-pregnancy weight + 1.65 kg
		Early pregnancy weight – 0.88 kg
		Thomas weight – 0.88 kg


 Reference List

1.	Poston L, Caleyachetty R, Cnattingius S, et al. Preconceptional and maternal obesity: epidemiology and health consequences. The lancet Diabetes & endocrinology. 2016;4(12), 1025-1036.
2.	Godfrey KM, Reynolds RM, Prescott SL, et al. Influence of maternal obesity on the long-term health of offspring. The lancet Diabetes & endocrinology. 2017;5(1), 53-64.
3.	Diouf I, Charles MA, Thiebaugeorges O, Forhan A, Kaminski M, Heude B. Maternal weight change before pregnancy in relation to birthweight and risks of adverse pregnancy outcomes. European journal of epidemiology. 2011;26(10), 789-796.
4.	Arendt LH, Ramlau-Hansen CH, Lindhard MS, et al. Maternal Overweight and Obesity and Genital Anomalies in Male Offspring: A Population-Based Swedish Cohort Study. Paediatric and perinatal epidemiology. 2017; doi: 10.1111/ppe.12373.
5.	Yu Z, Han S, Zhu J, Sun X, Ji C, Guo X. Pre-pregnancy body mass index in relation to infant birth weight and offspring overweight/obesity: a systematic review and meta-analysis. PLoS One. 2013;8(4), e61627.
6.	Crozier SR, Inskip HM, Godfrey KM, et al. Weight gain in pregnancy and childhood body composition: findings from the Southampton Women's Survey. Am J Clin Nutr. 2010;91(6), 1745-1751.
7.	Sharp GC, Lawlor DA, Richmond RC, et al. Maternal pre-pregnancy BMI and gestational weight gain, offspring DNA methylation and later offspring adiposity: findings from the Avon Longitudinal Study of Parents and Children. International Journal of Epidemiology. 2015;44(4), 1288-1304.
8.	Gaillard R, Welten M, Oddy WH, et al. Associations of maternal prepregnancy body mass index and gestational weight gain with cardio-metabolic risk factors in adolescent offspring: a prospective cohort study. Bjog. 2015; doi: 10.1111/1471-0528.13700.
9.	Fraser A, Tilling K, Macdonald-Wallis C, et al. Association of maternal weight gain in pregnancy with offspring obesity and metabolic and vascular traits in childhood. Circulation. 2010;121(23), 2557-2564.
10.	Patel SP, Rodriguez A, Little MP, et al. Associations between pre-pregnancy obesity and asthma symptoms in adolescents. J Epidemiol Community Health. 2012;66(9), 809-814.
11.	Patro Golab B, Santos S, Voerman E, Lawlor DA, Jaddoe VWV, Gaillard R. Influence of maternal obesity on the association between common pregnancy complications and risk of childhood obesity: an individual participant data meta-analysis. The Lancet Child & adolescent health. 2018;2(11), 812-821.
12.	Voerman E, Santos S, Inskip H, et al. Association of Gestational Weight Gain With Adverse Maternal and Infant Outcomes. Jama. 2019;321(17), 1702-1715.
13.	Voerman E, Santos S, Patro Golab B, et al. Maternal body mass index, gestational weight gain, and the risk of overweight and obesity across childhood: An individual participant data meta-analysis. PLoS Med. 2019;16(2), e1002744.
14.	Santos S, Voerman E, Amiano P, et al. Impact of maternal body mass index and gestational weight gain on pregnancy complications: An individual participant data meta-analysis of European, North American and Australian cohorts. Bjog. 2019; doi: 10.1111/1471-0528.15661.
15.	Tore EC, Antoniou EE, Reed K, et al. Maternal pre-pregnancy weight and twins' temperament. Journal of developmental origins of health and disease. 2019;10(5), 522-528.
16.	Robinson M, Zubrick SR, Pennell CE, et al. Pre-pregnancy maternal overweight and obesity increase the risk for affective disorders in offspring. Journal of developmental origins of health and disease. 2013;4(1), 42-48.
17.	Holowko N, Chaparro MP, Nilsson K, et al. Social inequality in pre-pregnancy BMI and gestational weight gain in the first and second pregnancy among women in Sweden. Journal of Epidemiology and Community Health. 2015;69(12), 1154-1161.
18.	Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M. Diet or exercise, or both, for preventing excessive weight gain in pregnancy. Cochrane Database Syst Rev. 2015;6, Cd007145.
19.	Samura T, Steer J, Michelis LD, Carroll L, Holland E, Perkins R. Factors Associated With Excessive Gestational Weight Gain: Review of Current Literature. Global advances in health and medicine : improving healthcare outcomes worldwide. 2016;5(1), 87-93.
20.	Bennett CJ, Walker RE, Blumfield ML, et al. Attenuation of maternal weight gain impacts infant birthweight: systematic review and meta-analysis. Journal of developmental origins of health and disease. 2019;10(4), 387-405.
21.	Committee on Nutritional Status During Pregnancy and Lactation. Nutrition during pregnancy. Washington, D.C: Institute of Medicine 1990.
22.	Rasmussen KM, Yaktine AL. Reexamining the guidelines. Weight gain during pregnancy. Washington D.C.: Institute of Medicine and National Research Council of the National Academies 2009.
23.	Santos S, Eekhout I, Voerman E, et al. Gestational weight gain charts for different body mass index groups for women in Europe, North America, and Oceania. BMC medicine. 2018;16(1), 201.
24.	Headen I, Cohen AK, Mujahid M, Abrams B. The accuracy of self-reported pregnancy-related weight: a systematic review. Obesity reviews : an official journal of the International Association for the Study of Obesity. 2017;18(3), 350-369.
25.	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. Paediatric and perinatal epidemiology. 2016;30(4), 314-319.
26.	Mandujano A, Huston-Presley L, Waters TP, Catalano PM. Women's reported weight: is there a discrepancy? The journal of maternal-fetal & neonatal medicine : the official journal of the European Association of Perinatal Medicine, the Federation of Asia and Oceania Perinatal Societies, the International Society of Perinatal Obstet. 2012;25(8), 1395-1398.
27.	Gilmore LA, Redman LM. Weight gain in pregnancy and application of the 2009 IOM guidelines: toward a uniform approach. Obesity (Silver Spring, Md). 2015;23(3), 507-511.
28.	Butte NF, Wong WW, Treuth MS, Ellis KJ, O'Brian Smith E. Energy requirements during pregnancy based on total energy expenditure and energy deposition. Am J Clin Nutr. 2004;79(6), 1078-1087.
29.	Thomas DM, Oken E, Rifas-Shiman SL, et al. Do Women Know Their Prepregnancy Weight? Obesity. 2019;27(7), 1161-1167.
30.	Inskip HM, Godfrey KM, Robinson SM, et al. Cohort profile: The Southampton Women's Survey. Int J Epidemiol. 2006;35(1), 42-48.
31.	Stephenson J, Heslehurst N, Hall J, et al. Before the beginning: nutrition and lifestyle in the preconception period and its importance for future health. The Lancet. doi: 10.1016/S0140-6736(18)30311-8.
32.	Bland JM, Altman DG. Measuring agreement in method comparison studies. Statistical methods in medical research. 1999;8(2), 135-160.
33.	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. European journal of obstetrics, gynecology, and reproductive biology. 2009;144(1), 32-34.
34.	Jeffs E, Sharp B, Gullam J, Paterson H. Weight and height measurement: potential impact in obstetric care. The New Zealand medical journal. 2014;127(1392), 17-26.
35.	Baker C. Obesity statistics. London: House of Commons, 2019.
36.	Conolly AC, S. Health Survey for England 2018. Overweight and obesity in adults and children. London: 2019.
37.	Yoong SL, Carey ML, D'Este C, Sanson-Fisher RW. Agreement between self-reported and measured weight and height collected in general practice patients: a prospective study. BMC Med Res Methodol. 2013;13, 38.
38.	Beleigoli AM, Andrade AQ, de Fátima HDM, et al. Accuracy of Self-Reported Weight Collected Through a Web-Based Platform in a Weight Loss Trial: Validation Study of the POEmaS Clinical Trial. Stud Health Technol Inform. 2019;264, 1637-1638.
39.	Bannon AL, Waring ME, Leung K, et al. Comparison of Self-reported and Measured Pre-pregnancy Weight: Implications for Gestational Weight Gain Counseling. Maternal and child health journal. 2017; doi: 10.1007/s10995-017-2266-3.

