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Summary
We investigated time trends in maternal weight before and during pregnancy and in infant

birthweight in France, from 1972 to 2003, in data on singleton live term births from the
representative National Perinatal Surveys in 1972, 1981, 1995, 1998 and 2003 (N=8 664,
4 494, 11 445, 12 006, 12 692 respectively). Mothers were interviewed a few days after
delivery and data on delivery and the newborn were extracted from hospital records. Maternal
prepregnancy weight, height, body mass index and pregnancy weight gain all increased from
1972 to 2003, however birthweight did not show a parallel evolution. After taking into
account gestational age, maternal age, parity, country of origin, newborn gender and maternal
smoking during pregnancy, mean birthweight increased between 1972 and 1995 but decreased
thereafter, and consistently, there was an increase in small for gestational age and a decrease
in large for gestational age newborns. Further adjustment for induced delivery, an indicator of
obstetric practices, did not change the results. A similar trend has been very recently observed
in the United States and in Germany. Further research is needed to identify the factors
responsible for these discordant changes and especially the factors responsible for the recent

increase in SGA, a condition shown to be associated with poorer health in later life.
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Introduction

An increase in the prevalence of obesity since the 1990°s has been well documented in
France.' 2 French women of childbearing age have not been spared; Blondel et al. highlighted
an increase in prepregnancy body mass index (BMI) between 1998 and 2003.% Birthweight is
strongly and positively related with maternal preconception weight,* ® as well as with weight
gain during pregnancy.® ’ Therefore, it would be expected that this increase in maternal
weight before pregnancy, and weight gain during pregnancy, would be associated with an
increase in birthweight at the population level.”> For example, in Sweden, an increasing trend
in Large for Gestational Age (LGA) babies has been observed between 1992 and 2003, that
was explained mainly by an increasing trend in maternal BMI.® An upward trend in
birthweight parallel to an increase in maternal anthropometry has been reported in several
other countries,> % however two recent studies reported a decrease in mean birthweight; in
the United States between 1990 and 2005 and in Bavaria (Germany) between 2000 and
2007.* 2 High prepregnancy weight and high pregnancy weight gain are also associated with
several perinatal adverse outcomes such as brachial palsy, clavicle fracture, shoulder dystocia,
meconium aspiration and low Apgar score.™ In the last decades, changes in obstetric practices
have aimed to prevent these complications, among which induction of labour and caesarean
section before labour.** * These changes in obstetric practices, in addition to changes in other
factors such as maternal age, gestational age, parity, prepregnancy weight, maternal country
of origin, and smoking status, may also have impacted on the time trend in birthweight.

The aim of this study was to investigate time trends in birthweight in relation with
maternal prepregnancy anthropometry and pregnancy weight gain, in France, from 1972 to

2003, taking into account potential confounders.



Methods

We used data from the French National Perinatal Surveys in 1972, 1981, 1995, 1998, and
2003.3 117 For the 1972 survey, France was divided into 12 geographic areas and the survey
was conducted in a different area each month. A two-stage sampling procedure was used to
select births: first, a random sample of maternity units was selected, after stratification for
geographic area, hospital status (private or public) and size (annual number of deliveries);
second, a random sample of ¥ of births was chosen from the deliveries register of the
maternity units selected. The 1981 survey differed from the 1972 survey by the sample size (a
sampling fraction of 1/8). In 1995, 1998 and 2003, the study population included all births
during one full week. The surveys were approved by the French “Comité du label des
enquétes statistiques” and the “Commission Nationale de [’Informatique et des Libertés”
(CNIL).

The inclusion criteria in this analysis were: singleton live births at term, 37 complete
weeks of amenorrhea or more. However, we also display descriptive data for preterm births as
there were changes in obstetric practices and preterm management that impacted the profiles
of preterm deliveries over the study years.

For all surveys, maternal characteristics (age, parity, cigarette use, height,
prepregnancy weight) were obtained by interview in the postpartum period, and medical data
on the pregnancy, delivery and the infant’s health were extracted from hospital records
(induction of labour, caesarean section before labour, maternal weight at delivery, gestational
age, birth weight and newborn gender). In France gestational age was estimated using the date
of the last menstrual period from the 1970’s to the 1980’s, whereas in the following decades,
the last menstrual period method was routinely combined with early ultrasound for

assessment of gestational age.



The mother’s prepregnancy BMI was calculated as the reported prepregnancy weight
(kg) divided by reported height (m) squared. Pregnancy weight gain was calculated as weight
at the end of pregnancy (extracted from hospital records) minus prepregnancy weight.
Maternal country of origin was categorised in four classes (France, Other European countries,
North Africa and Other Countries). Induced delivery was defined as induction of labour or
caesarean section before labour, as both interventions have the same impact on the length of
gestation. Cigarette smoking during the third trimester of pregnancy was categorized into
three groups (no smoking, fewer than 10 cigarettes per day and 10 cigarettes or more per day).
LGA and Small for Gestational Age (SGA) births were defined respectively, as birthweight
over the 90™ percentile and below the 10™ percentile of French gestational age and gender
specific reference curves.'® Post maturity was defined as a birth at the 42nd week of gestation
or later.

Numbers and infant birthweight (mean + standard deviation) in the populations
selected or not for the analysis in each survey year (1972, 1981, 1995, 1998 and 2003) are
described.

Maternal age, parity, country of origin, smoking during pregnancy, type of delivery
(induced or not), anthropometry (height, prepregnancy weight and BMI, weight at delivery),
and infant gestational age and birthweight were described in each survey year, by means *
standard deviations or percentages (numbers). The effect of the survey year was tested by
analysis of variance for quantitative traits or by 2 test for percentages.

In order to evaluate the time trend in birthweight, after taking into account possible
confounders, we assessed adjusted mean birthweight in each survey year, after adjustment for
gestational age, maternal age, parity, country of origin, newborn gender and maternal
smoking during pregnancy, in multiple linear regression analyses. We also estimated odds

ratios for SGA and LGA births for each survey year, with 1995 as reference year, in logistic



regression models, where we adjusted for maternal age, parity, country of origin and maternal
smoking during pregnancy.

To investigate the relation between maternal anthropometry and birthweight and their
joint evolution over time, we used the standardized beta coefficients from a linear regression
model predicting birthweight, (adjusted for gestational age) from each maternal
anthropometric variable, survey year and the interaction between these two variables.

The percentage of induced deliveries and the mean pregnancy weight gain (adjusted
for gestational age) were compared between the different categories of prepregnancy BMI
(thin: BMI <18.5kg/m?, normal weight: 18.5-24.9kg/m?, overweight: 25-29.9kg/m? and
obese: 30kg/m2 or more) for each study year.

In order to test specifically whether the evolution in obstetric practices could have
impacted on the observed trend, we further adjusted birthweight and the Odds Ratios (OR) for
LGA and SGA, for weight gain in pregnancy and induced delivery.

For sensitivity analyses, we described the birthweight trend including infants without
data for gestational age. We also analysed the birthweight trend after removing post-term
births from analysis. Finally the trend in mean birthweight was analysed separately in strata of
maternal BMI (adjusted for maternal age, country of origin, height, pregnancy weight gain,
smoking status during pregnancy, induced delivery and gestational age).

Analyses used Statistical Analysis Software (SAS) version 9.

Results

Before data selection, the surveys included 10 871 singleton births in 1972, 5 395 in 1981,
12 869 in 1995, 13 076 in 1998 and 14 039 in 2003 (Table 1). The percentage of missing
values for gestational age decreased over the study period, from 10% in 1972, 7% in 1981 to

below 1% afterwards. In 1972 there were 6.8% preterm births, and this remained around 5%



between 1981 and 2003. Mean birthweight in preterm births increased from 1972 to 1981
(2 7259 to 2 7459) and decreased from 1981 to 2003 (2 7459 to 2 305g). After exclusion of
preterm births, missing data for gestational age, maternal weight or birthweight, there were
8 684 mother-infant pairs with term births in 1972, 4 494 in 1981, 11 445 in 1995, 12 006 in
1998 and 12 692 in 2003.

Over the years, the percentage of younger mothers (< 25 years) declined from 50% in
1972 to 19% in 2003 and the percentage of older mothers (> 35 years) increased (Table 2).
The proportion of mothers with parity two or more decreased slightly (25% in 1972 and 21%
in 2003). There were more mothers smoking while pregnant in 1998 than in 1972 (25% vs
10%) but a slight decrease was observed in 2003 (22%). The rate of induced deliveries
(inductions of labour and caesarean sections before labour) increased sharply from 12% in
1972 to 31% in 2003.

From 1972 to 2003, all maternal anthropometric characteristics (height, prepregnancy
weight, prepregnancy BMI, weight at delivery and pregnancy weight gain) showed an upward
trend (Table 2).

Infant birthweight did not increase over time. The unadjusted mean birthweight in
infants born at term increased significantly between 1972 and 1981 (p = 0.02), then decreased
significantly between 1981 and 1995 (p = 0.04) and remained constant thereafter. The percent
of infants who were SGA decreased between 1972 and 1995 (10.6% to 7.5%), increased
thereafter and reached 8.7% in 2003. The percentage of LGA births remained around 11%
until 1998, then decreased slightly to 9.9% in 2003.

After adjusting for gestational age, maternal age, parity, country of origin, newborn
gender and maternal smoking during pregnancy, the mean birthweight in term births
increased between 1972 and 1995 (47.8g £ 5.9 p = <0.0001) and decreased between 1998 and

2003 (-50.9g (5.2) between 1995 and 2003 p = <0.0001) (Figure 1). Changes in the risk of



LGA and of SGA births, adjusted for maternal age, parity, country of origin and maternal
smoking during pregnancy, were consistent with this trend in mean birthweight (Figure 1).
Indeed, there was a strong decrease in SGA between 1972 and 1995, whereas between 1995
and 2003, an increase in SGA and a decrease in LGA were observed.

The association between maternal prepregnancy BMI and birthweight was stronger in
1972 than in 2003 (standardized beta coefficients: 0.20 in 1972, and 0.18 from 1981 to 2003,
p < 0.0001 for interaction between prepregnancy BMI and survey year). Similarly, the
strength of the relation between maternal pregnancy weight gain and birthweight decreased
significantly between 1972 and 2003 (standardized beta coefficients of 0.17 and 0.14
respectively, p<0.0001 for interaction). The relation between maternal height and birthweight
also seemed to be stronger in 1972 than in 2003 (standardized beta coefficients of 0.19 and
0.17 respectively), even if the test of interaction between maternal height and survey year on
birthweight was not significant. The strength of the relation between birthweight and maternal
anthropometric characteristics decreased more sharply between 1972 and 1981; there were
fewer changes from 1981 onwards.

Whatever the prepregnancy BMI, pregnancy weight gain increased between 1972 and
2003 (Figure 2). However the increase over time was smaller in obese women (from 7.6 kg
[95% Confident Interval (Cl) 6.9, 8.4] in 1972 to 8.3 kg [C1 95% 7.4, 9.3] in 2003, p <0.0001)
than in thin women (from 11.0 kg [CI 95% 10.8, 11.3] to 13.7 kg [CI 95% 13.5, 14.0], p
<0001). When mean birthweight was estimated with further adjustment for the mother’s
weight gain during pregnancy, birthweight was stable between 1972 and 1981 (3 375g + 4.7
to 3 371g % 6.0) and decreased between 1981 and 2003 (3 298g + 4.1 in 2003, p <0.0001).
Data on weight gain during pregnancy were not available in 1995 and 1998.

From 1972 to 2003, the percentage of induced deliveries increased from 12% to 25%

in thin women and from 15% to 40% in obese women (Figure 3). Induced deliveries



increased for all categories of birthweight between 1972 and 2003, but more sharply for LGA
births between 1981 and 1995 (results not shown). It is of note that there were no significant
changes in the percentages of induced deliveries between 1995 and 2003.

The trend in adjusted birthweight was unchanged after additional adjustment for
induced deliveries (data not shown).

The observed trends in mean birthweight were unchanged in the sensitivity analyses:
combining infants with and without gestational age available in the same model, removing
post-term births from the analysis and in an analysis stratified by categories of maternal BMI

(results not shown).



Discussion

Although the maternal anthropometric characteristics positively associated with birthweight
increased from 1972 to 2003, birthweight did not show the expected upward trend over these
years. When possible known confounders were taken into account, birthweight showed an
increasing trend from 1972 to 1995 but a decrease from 1995 onwards. Over the period 1972-
2003, weight gain monitoring and management at the end of pregnancy improved in France,
resulting in less weight gain in obese women and more induced deliveries (caesarean sections
before labour and inductions of labour). However, taking into account the percentage of
induced deliveries and weight gain during pregnancy, the trend in birthweight was not
explained.

Our study is the first to report the time trends in maternal prepregnancy
anthropometry, pregnancy weight gain and infant birthweight and their relation in France, and
a strength of this study is that data are based on large, national, representative samples of
births.

Data on maternal prepregnancy anthropometry are based on self-reported weight and
height and this could induce bias in our results. Self-reported body weight may underestimate
the true weight, especially among overweight women.'® * However, as our data on
prepregnancy weight are based on mothers self-report in all survey years, the effect of under-
reporting of prepregnancy weight on the change in maternal prepregnancy weight and its
relation with birthweight over time may be limited. In our data, in spite of a possible under-
reporting of weight, women’s weight increased for all BMI categories but birth weight did not
increase accordingly. It has been recently shown that an under-reporting of body weight
would lead to an overestimation of the statistical relation between maternal weight and birth
weight.?* A second possible source of bias was the changes in the methods of estimation of

gestational age between 1972 and 2003. Indeed, in the 1970’s, gestational age was estimated
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only from the last declared menstrual period, whereas the 1980°s have seen the generalisation
of ultrasound in combination with the last menstrual period for assessing gestational age. This
could explain why missing values for gestational age were more frequent in 1972 and 1981
than later (below 1% between 1995 and 2003) and also partly explains the much higher
percentages of preterm and post term infants in 1972 than in 2003, that could be more likely
attributed to misclassification. The trend in mean birthweight was unchanged when estimated
on all births, including those without documented gestational age, suggesting that the
observed trend in mean birthweight is not biased by missing data on gestational age. The fact
that we selected term deliveries only, may have led to a selection bias since lean and morbidly
obese women are more at risk of preterm delivery, and they may have been underrepresented
in our study sample. However this selection was probably similar from 1995 to 2003 and
therefore has less affected the trend in mean birthweight over this period than in previous
years. Gestational age was reported in weeks and this can be a limit for our study, as a
decrease of only a few days in gestational age can impact birth weight. However gestational
age was reported in weeks in all 5 surveys and should affect birth weight in the same way
from 1972 to 2003. We selected only term births for this study because of the frank decrease
in mean birth weight in preterm births between 1981 and 1995. This decrease may be due to
changes in gestational age estimations after the 1980°s and also to changes in neonatal care
with the growing ability to maintain alive preterm babies, with a very low birthweight.
Previous studies have investigated time trends in mothers’ anthropometry and
pregnancy weight gain in relation with birthweight in countries comparable to France.> "*° In
contrast to our results, the increase in maternal anthropometry was generally accompanied
with an increase in mean birthweight and in the proportion of LGA births. A study on all
Illinois births between 1950 and 1990 demonstrated an overall increase in birthweight and an

increase according to generations within families.® A study from Canada between 1978 and
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1996 highlighted an increase over time in maternal anthropometry (weight and height before
conception), an increase in mean birthweight and LGA births and a decrease in SGA births.’
A Finnish study showed an increase in maternal height, prepregnancy weight and BMI in
three cohorts in the area of Helsinki (1954-1963, 1985-1986 and 2000-2001).” They also
highlighted an increase in pregnancy weight gain between the first and the second cohort but
not between the latter two cohorts. In parallel, the mean birthweight and the proportion of
LGA births increased between the first and the second cohorts and were stable thereafter. A
Swedish study showed an increase in the percentage of overweight and obese women between
1992 and 2001, an increase in mean birthweight and in the prevalence of LGA births before
adjustment for maternal and pregnancy characteristics.® The increase in the prevalence of
LGA births disappeared after adjustment for maternal BMI and maternal smoking. A study
from Switzerland reported that all maternal anthropometric characteristics increased between
1986 and 2004, as well as mean birthweight.*

Only two recent studies have shown results comparable to ours. A Bavarian study
reported an increase in maternal pregnancy weight gain and a decrease in birthweight in
singleton term births after accounting for potential confounders.*? In the United States, the
mean weight of singleton term births has very recently been shown to decrease from 1990 to
2005, and especially after 1999.' This decline was not explained by maternal and neonatal
characteristics or by trends in obstetric practices. Data on maternal prepregnancy BMI or
gestational weight gain were not available in this study, as acknowledged by the authors, but
accounting for the increasing trend in maternal BMI in the US would have adjusted fetal
growth estimates further downwards. It is noteworthy that similar to our study, the decrease in
mean birthweight was reflected in both an increase in SGA and a decrease in LGA

prevalences.
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The relation between maternal prepregnancy anthropometry, pregnancy weight gain
and birthweight is well known. Many studies have reported that maternal weight and height
before conception are related to birthweight, including studies from Denmark,*® Switzerland ®
and the United Kingdom.?> Among these maternal anthropometric factors related to
birthweight, prepregnancy weight, which is a combination of lean and fat mass, appears to be
important.”® However, as shown by the decrease in standardized regression coefficients of
maternal variables on birthweight, the relation between maternal anthropometry and
birthweight has declined over time in France. It suggests the growing impact of other factors,
which progressively obscure the relation between maternal and infant anthropometries.
Among them, we explored the role of pregnancy weight gain and induced delivery, which
reflect changes in obstetric practices.

Mean pregnancy weight gain increased significantly between 1972 and 2003 for all
maternal BMI categories, except for obese women between 1981 and 2003. The trend in
pregnancy weight gain in obese women could have limited the proportion of LGA births in
these women. However, the decrease in LGA births over time was observed in all women,
despite a frank increase in mean pregnancy weight gain, indicating that this is unlikely to be
the main explanation. Induced deliveries (induction of labour and caesarean sections before
labour) increased with time in all women, but more sharply in the overweight and the obese.
The increased rates of induced deliveries especially for LGA births from 1972 to 1995 reflect
changes in obstetric practice. These practices may have some impact on overall birthweight
but less on birthweight for a given gestational age. Induced deliveries in post-term
pregnancies and the increase in induced deliveries in LGA births could have modified the
natural range of birthweight in France toward lower values. However there were no
significant changes in the percentage of induced deliveries between 1995 and 2003. We did

not have information on gestational diabetes in this study. Gestational diabetes are more
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intensively diagnosed and treated and thus could have participated in the reduction of LGA
births.

We have been unable to explain the negative trend in mean birthweight since 1995,
but the combination of many factors, each with a small effect on birthweight, might be
involved in this trend. As examples, infertility treatments including in vitro fertilisation,

11,2425 could have

working conditions during pregnancy, environmental exposures or stress,
been involved, but we could not investigate these hypotheses as these factors were not
measured in the French perinatal surveys.

In conclusion, we could show that in France, although maternal prepregnancy BMI
and weight gain during pregnancy increased from 1972 to 2003, birthweight tended to
decrease from 1995 onwards, and the factors measured in our study did not provide an
explanation for this trend. Low birthweight is associated with long-term health disorders and
chronic diseases. In this respect, the increasing prevalence of SGA in France, but also in other

countries such as the United States, should draw research efforts towards a better

understanding of the causes of this time trend.
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Table 1 Number of infants and mean birthweight + standard deviation, in each study year among different study subgroups. The French National

Perinatal Surveys.

1972 1981 1995 1998 2003

N 10 871 5395 12 869 13076 14 039
Total singleton births

birthweight (g) 3286+506 3326+482 3294+502 3291+503 3281+519

% (n) 9.7 (1056) 7.2 (386) 0.78 (101) 0.38 (50) 0.43 (60)
Missing gestational age

birthweight (g) 3245+530 3285+500 3241+438 3316+480 31311554

% (n) 6.8 (734) 4.6 (253) 4.5 (574) 4.6 (604) 4.9 (692)
Preterm births

birthweight (g) 2725+681 27451620 2364+671 2379+648 2305696

N 9,081 4756 12194 12,422 13 287
Term births > 37 weeks

birthweight (g) 3336+455 3361+451 3338+448 33361450 33331454
Term births, with data on N 8 684 4494 11 445 12 006 12 692
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maternal weight, gestational

age and birthweight available

birthweight (g)

3337 +451

3361 + 448

3339 +446

3335+ 449

3332 +£453
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Table 2: Trends in maternal and infant characteristics in singleton live births >37 weeks of gestation, mean + SD for crude

variables, mean + SEM for adjusted birthweight and % (n) for qualitative variables. The French Naional Perinatal Surveys.

1972 1981 1995 1998 2003
N 8 684 4494 11 445 12 006 12 692
Maternal age (% (n))
<25years 49.7 (4320) 37.8(1697) 21.2(2436) 17.6(2117) 18.7(2370)
25t029 years 29.4 (2549) 37.2(1671) 38.8(4440) 38.0(4557) 33.3(4226)
30to34years 12.4 (1079) 195 (877) 27.9(3194) 30.1(3612) 32.4(4112)
>35years 85 (736) 55 (249) 12.0(1375) 14.3(1720) 15.6(1984)
Parity (% (n))
0 45.1 (3912) 42.6 (1910) 41.6 (4748) 43.3 (5170) 43.3 (5428)
1 29.7 (2570) 34.3 (1536) 35.2 (4022) 33.6 (4010) 35.7 (4467)
>2 252 (2188) 23.1 (1036) 23.2 (2643) 23.1 (2760) 21.0 (2632)

Maternal Origin (% (n))
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France 93.8 (8 103)
Other European countries 4.5 (389)
North Africa 1.3 (110)

Other Countries 0.4 (36)

Smoking during third trimester (% (n))

non-smoker 90.3 (7 768)

<10 cigarettes/day = 6.2 (534)

>10 cigarettes/day 3.5 (301)

*Induced delivery (% (n)) 12.0 (1 040)

Maternal anthropometry

Height (cm) 160.8 £ 6.0
Prepregnancy weight (kg) 55.3+8.7
Prepregnancy BMI (kg/m?) 21.3+3.1

91.6 (4 105)
3.1 (137)
3.8 (172)

1.5 (66)

85.3 (3 753)
9.3 (407)

54 (239)

16.5 (742)

161.7+£6.0

56.0 +8.7

21.4+3.1

90.0 (10 281)
3.1 (357)
4.4 (500)

2.5 (285)

75.2 (8502)
14.2 (1610)

10.6 (1197)

28.3 (3 229)

58.9+10.5

90.3 (10 822)
3.0 (362)
3.9 (465)

2.8 (339)

75.2 (8 898)
14.9 (1767)

9.9 (1173)

28.5 (3 414)

163.7 £6.2

60.1 +11.6

224 +41

89.4 (11 324)
2.5 (315)
4.1 (517)

4.1 (515)

79.3 (9 557)
12.7 (1534)

7.9 (954)

31.0 (3 901)

164.0+£6.3

61.6 +12.5

229 +4.4
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Weight at delivery (kg) 65.6 £9.2 67.5+9.1 746 £12.6
Pregnancy weight gain (kg) 10.3+3.8 11.6+3.8 13.0 £5.2
Gestational age (weeks) 39.9+15 399+14 394+£12 39.3+1.2 395+1.2
Infant’s characteristics

Birthweight (g) 3337+451 3361+448 3339+446 33351449 33321453
SGA births (% (n)) 10.6 (919) 9.2 (410) 7.5 (863) 7.9 (951) 8.7 (1 101)
LGA births (% (n)) 11.1 (961) 11.5(511) 10.8(1234) 10.7 (1 286) 9.9 (1 254)
Post maturity (% (n)) 12.3 (1 070) 11.4 (511) 1.6 (185) 1.2 (146) 1.1 (140)
Female infants (% (n)) 48 (4 131) 48 (2 130) 49 (5 605) 49 (5 890) 49 (6 194)

* Induction of labour or caesarean section before labour

All characteristics were significantly different between study years with p < 0.0001 (ANOVA test of 4 df) except for crude birthweight (p =

0.003); percent of female infants and gestational age (not significantly different).



