MD Lindsay M Silva 
email: l.silva@erasmusmc.nl.
  
Pauline W Jansen 
  
Eric Ap Steegers 
  
Vincent Wv Jaddoe 
  
Lidia R Arends 
  
Henning Tiemeier 
  
Frank C Verhulst 
  
Eap Steegers 
  
Vwv Jaddoe 
  
H A Moll 
  
A Hofman 
  
J P Mackenbach 
  
H Raat 
  
  
  
  
  
  
  
  
  
  
  
Mother's educational level and foetal growth; the genesis of health inequalities
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INTRODUCTION

Foetal growth is an important determinant of future health 1-5. An impaired foetal growth increases the risk of perinatal and neonatal death 1, and of various medical and developmental problems in childhood 3,4,6. Furthermore, there is accumulating evidence that poor foetal growth is associated with chronic diseases in adult life, particularly cardiovascular diseases 2,5.

Foetal growth is determined by a complex interplay of genetic and environmental factors 7. One important environmental factor is socioeconomic status, as indicated by educational level, income level or occupation. Compared with women of high socioeconomic status, those of low socioeconomic status give birth to babies with a lower birth weight 8,9. These socioeconomic inequalities in birth weight suggest that factors related to a low socioeconomic status of the mother impair foetal growth 9. Until now, only one study actually related socioeconomic status to direct measures of foetal growth rather than size at birth 10. However, the authors used an area-based index of socioeconomic status rather than an individual-based measure, and studied foetalgrowth characteristics measured only in mid pregnancy, which limited the possibility to assess foetal-growth patterns. Because prospective population-based studies on the effect of maternal socioeconomic status on foetal growth trajectories are lacking, it is not known whether 1) socioeconomic differences in foetal growth are constant over time, 2) from which moment onwards differences in foetal size become apparent, and 3) whether low socioeconomic status equally affects different parts of the foetal body.

Therefore, among pregnant women participating in a population-based cohort study, we studied level of maternal education as an indicator of socioeconomic status and its association with foetal weight, head circumference, abdominal circumference, and femur length, measured in different periods of pregnancy. We also studied the extent to which the association of maternal education with these foetal-growth characteristics is explained by known mediating factors. Educational level was selected as main indicator of socioeconomic status because it has been shown to be the best socioeconomic predictor of pregnancy outcomes 9,11. Assuming that a low maternal education is associated with a slower foetal growth, we expected that educational differences in foetal size can be observed from late pregnancy onwards, since in that period inter-individual variability in foetal size is highest 12. Because available data suggest that socioeconomic status does not affect proportionality at birth 13, we hypothesized head circumference, abdominal circumference, and femur length to be equally affected by low maternal education.

METHODS

The Generation R Study

The present study was embedded within the Generation R Study, a populationbased prospective cohort study from foetal life until young adulthood. The Generation R Study has previously been described in detail 14. Briefly, all mothers with an expected delivery date between April 2002 and January 2006 and living in Rotterdam, the Netherlands, were eligible for participation in the study. While enrolment ideally took place in early pregnancy, it was possible until after the birth of the child. In total, 9778 mothers of various ethnicities and their children were included and followed-up (participation rate 61%) 14.

Assessments during pregnancy took place in early pregnancy (gestational age <18 weeks), mid pregnancy (gestational age 18-25 weeks) and late pregnancy (gestational age ≥25 weeks). The study was conducted in accordance with the 

Study population

Of the 9778 women, 91% (n=8880) were enrolled during pregnancy 14. Because prevalences of risk factors for adverse pregnancy outcomes, as well as the effects of these risk factors on pregnancy outcomes may vary by ethnicity 15,16,17, and because preliminary results showed that educational inequalities in foetal weight varied by ethnicity, we restricted the present analyses to women with a Dutch ethnicity (n=4057). A woman was classified as Dutch if she reported that both her parents had been born in the Netherlands 18. For several reasons, 512 women were excluded from analysis (figure 1), leaving a study population of 3545 women.

Educational level

At enrolment, we used a questionnaire to establish the highest education achieved by each mother. This was categorized into four levels: 1.) high (university degree), 2.) mid-high (higher vocational training), 3. 

Foetal ultrasound measurements and birth weight

Trained sonographers carried out foetal ultrasound measurements in early, mid and late pregnancy, which were used to establish gestational age and to measure foetalgrowth characteristics 20. For the analyses presented below, we used the
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measurements in mid and late pregnancy of head circumference, abdominal circumference and femur length, as measurements in early pregnancy were intended primarily for pregnancy dating. All growth characteristics were measured to the nearest millimetre using standardized procedures 21. The estimated foetal weight was calculated on the basis of head circumference, abdominal circumference and femur length 22. For the models for estimated foetal weight, we also used information on birth weight and gestational age at birth, which was obtained from midwife and hospital registries.

Longitudinal growth curves and gestational-age adjusted standard-deviation (SD) scores were constructed for all growth measurements 20.

Covariates

Any effect of educational level on foetal growth is probably an indirect one, acting through other more proximal determinants of foetal growth, so-called mediators 23. The factors listed below were included in this study as potential mediators, because these factors have been shown to contribute to explaining socioeconomic inequalities in size at birth 8.

Maternal anthropometrics

Maternal height was measured in the research centres.

Pre-pregnancy weight was established at enrolment through questionnaire. On the basis of height and pre-pregnancy weight (weight/height 2 ) we calculated pre-pregnancy body mass index (BMI).

Smoking

Through questionnaires in early, mid and late pregnancy, we obtained information on smoking during pregnancy (no, until pregnancy was known, continued in pregnancy). 

F

Statistical analyses

We started by evaluating the effect of educational level on overall foetal growth, after which we separately analysed the associations of educational level and of the potential mediators with head circumference, abdominal circumference and femur length. These associations were examined using longitudinal multilevel analysis, as this type of analysis takes account of the correlation between repeated measures on the same subject and allows for incomplete outcome data 

Educational level and estimated foetal weight

Relative to foetuses of women in the highest educational subgroup, those of women with mid-high, mid-low and low education had a slower foetal growth (figures 2a and 2b). Foetal growth rate was lowest in foetuses of women with a low educational level, and the difference in foetal growth rate increased as pregnancy progressed.

According to the basic models, women with a low educational level had smaller foetuses from 30 weeks onwards (difference at 30 weeks: -0.16 SD; 95% CI: -0.25,-0.08; p=0.0001; table 2). This difference became larger towards term (difference at 40 weeks:

-0.35 SD; 95% CI: -0.46,-0.24; p<0.0001). After adjustment for the potential mediators, the educational differences in estimated foetal weight attenuated, but at 40 weeks the difference did not disappear (-0.18 SD; 95% CI: -0.29,-0.07; p=0.002). 

Educational level and head circumference, abdominal circumference and femur length

Table 3 shows the association of educational level with head, abdominal and femur growth, and supplemental table 2 shows the associations of each potential mediator with head, abdominal and femur growth. Relative to foetuses of women with a high educational level, in foetuses of women with a low educational level growth of the head was on average 0.16 mm/week slower (95% CI: -0.25,-0.07; p=0.0004), growth of the abdomen 0.10 mm/week slower (95% CI: -0.21, 0.01; p=0.08) and that of the femur 0.03 mm/week slower (95% CI: -0.05,-0.006; p=0.01) after adjusment for the confounders. Adjustment for the potential mediators attenuated the difference in head growth and that in femur growth, but not the difference in abdominal growth. Even after full adjustment, foetuses of women with a low educational level still had a slower head growth compared with those of women with a high level (table 3).

Table 3 here.

Table 4 presents the educational differences in size of the foetal head, abdomen and femur at 20 and 30 weeks gestation, expressed in SD-scores. Compared with foetuses of women with a high educational level, those of women with a low educational level had a smaller head circumference from 20 weeks onwards; femur length was smaller from 30 weeks onwards (basic models). Although abdominal circumference was also smaller in these foetuses, the difference did not reach statistical significance.
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Remarkably, at 20 weeks gestation a mid-low educational level was associated with a greater femur length compared with a high educational level.

The effect of low education was larger for head circumference than for femur length or abdominal circumference. Even after adjustment for the potential mediators, head circumference at 30 weeks gestation was smaller in fetuses of women with low educational level than those of women with a high level.

The largest attenuations were due to the adjustment for smoking, followed by maternal height (see supplemental table 3). We additionally tested for interaction between educational level, smoking and gestational age; this 3-way interaction was not statistically significant in any of the models (p values > 0.30, data not shown).

Table 4 here.

DISCUSSION

The present study is the first to present a longitudinal assessment of the effect of an individual-level indicator of socioeconomic status on foetal growth. We demonstrated that a low maternal educational level is associated with a progressively slower foetal growth, causing differences in foetal weight that are observable from late pregnancy onwards. This study also suggests that low maternal educational level predominantly affects growth of the foetal head, followed by growth of the foetal femur and abdomen.
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Methodological considerations

The main strength of this study lies in its population-based prospective design, with enrolment of a large number of women early in pregnancy, and extensive measurements during pregnancy 14.

Although there are other measures of socioeconomic status, including income level and occupational class 28, we selected maternal educational level as a main indicator of socioeconomic status for two reasons: first educational level not only partly reflects material resources because it structures occupation and income, it also reflects non-economic social characteristics, such as general and health-related knowledge, literacy, problem-solving skills and prestige 28,29; second, educational level has been shown to be the best socioeconomic predictor of pregnancy outcomes 9,11.

Furthermore, when we repeated the analyses using household income level as determinant, we found comparable results, although the effect estimates were smaller and income-related differences in foetal head circumference were observable from 30 weeks gestation onwards.

For When interpreting the results of this study, one should take account of a number of limitations.

First, our study was conducted in a Dutch, urban population, which limits generalizability of our results to non-Dutch or rural populations. Furthermore, although the participation rate was relatively high (68% among the Dutch women) 14, there was some selection towards a study population that was relatively highly educated and more healthy 33.

Second, while foetal ultrasound examinations are a more reliable basis than the last menstrual period for establishing gestational age 34, it also has a disadvantage: the growth variation before the first measurement of the foetal characteristics that were used for pregnancy dating, i.e. crown-rump length and biparietal diameter, was set to zero 20.

Since these characteristics are correlated throughout pregnancy with head circumference, abdominal circumference and femur length, our study may have underestimated the variation in the latter three growth characteristics, resulting in an underestimation of our effect estimates. An additional limitation to the foetal ultrasound equipment is that it will be equally precise to detect absolute differences in foetal size throughout pregnancy, and therefore less likely to detect differences in foetal size early in pregnancy than later in pregnancy. This might explain the lack of significant educational differences in many of the studied growth characteristics at 20 weeks gestation.

Third, our study may have been vulnerable to misclassification, because many covariates were measured using questionnaires. In particular, smoking behaviour and
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14 pre-pregnancy weight may have been underreported. The effect on our results of this misclassification is difficult to predict, since we cannot be certain whether this misclassification was random or not.

Finally, since we did not include a variable indicating the number of cigarettes smoked during pregnancy, we could not account for the dose-related effect of smoking on foetal growth 35, nor the contribution of this dose-related effect to the explanation of socioeconomic inequalities in foetal growth.

Maternal educational level and foetal growth

In contrast with our expectations the effect of low maternal education was not equal for the various body segments of the foetus. Relative to growth of the foetal femur and abdomen, the adverse effect of a low educational level seemed greatest for growth of the foetal head.

Clear educational differences in foetal head circumference were detectable already at 20 weeks gestation. By 30 weeks, educational differences in femur length could also be detected, but not in abdominal circumference, although there was a clear trend towards a smaller abdominal circumference in foetuses of lower educated women.

The timing of the emergence of educational differences in head, femur and abdomen might be explained by the inability of the ultrasound instrument to detect small differences, or by the different growth patterns of the various foetal-growth components.

Peak growth velocity for head circumference is steeper and occurs earlier (around 18 weeks) than that for femur length (around 20 weeks) and abdomen (around 22 weeks) One possible explanation for low maternal education being more strongly associated with foetal head circumference is that the factors that mediate the effect of maternal education affect foetal head growth more than growth of the foetal femur and abdomen. However, smoking in pregnancy, the strongest mediator in this study, has been found to cause a more general, symmetrical growth restriction 37,38. Some studies even suggest that smoking affects the lower extremities more than the head or abdomen 39,40. On the other hand, the contribution of maternal height to the education-related inequalities, is more in line with the above explanation; shorter mothers tend to give birth to babies that are shorter and have smaller heads for their weight 13. This corresponds with the type of growth impairment associated with low maternal education.

The potential mediators included in this study explained only about half the educational differences in foetal head circumference at 30 weeks gestation. This may be explained by measurement error in the mediating variables. The remaining effect may also be due to other factors, such as nutritional factors or genetic factors 

  the World Medical Association Declaration of Helsinki, and has been approved by the Medical Ethical Committee at the Erasmus University Medical Centre Rotterdam. Written consent was obtained from all participating parents.

  ) mid-low (>3 years general secondary school, intermediate vocational training), and 4.) low (no education, primary school, lower vocational training, intermediate general school, or ≤3 years at general secondary school) 19.

  Psychosocial and material factors Using questionnaires during pregnancy we established marital status (married/cohabiting, single motherhood), whether the pregnancy was planned (yes, no), and the presence of financial difficulties (yes, no).All models were adjusted for maternal age and parity. We treated maternal age and parity as potential confounders, since they cannot be considered indisputable mediators 23. Maternal age was established at enrolment in the study. Parity, which in this study was defined as the number of previous live births (0, ≥1), was obtained through a
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questionnaire at enrolment. Foetal gender, which was obtained from midwife and hospital registries, was not included as confounder, since it had no association with maternal education (see table

1

).

Table 2

 2 

here.

  One should also take account of the fact that, in our study, only 2.5% of these measurements took place after the 32 nd week of gestation. For physiological pregnancies, it has been shown that the difference in abdominal circumference between smaller and larger babies increases with increasing gestational age 36. Therefore, the observed educational differences in abdominal circumference might have been larger if we had had availability to more growth measurements near term. It is thus important that our results are confirmed in future studies with more comprehensive foetal-growth data and with information on proportionality at birth.

	F o
	r
	R e v i e w
	O n
	l y
	12,36.
	15

Table 1 . General characteristics in the total study population and by maternal educational level (n=3545)*.

 1 16circumference is a strong predictor of neonatal head circumference 43, there may be genetic factors linking head circumference of the mother, her educational achievement and head growth of her offspring. However, given the results from Genome Wide Association Studies, suggesting that individual genes explain little of the variances in diseases and traits 44, the contribution of genes to the remaining association between educational level and foetal head circumference may be small. Furthermore, we could not explain why, only at 20 weeks gestation, the second lowest educational subgroup had a larger femur length compared with the highest educational subgroup. It is possible that other unmeasured factors that specifically determine femur growth explain this unexpected finding. This merits further investigation.

	F o
	r
	R e v i e w
	O n The socioeconomic inequalities in foetal growth as demonstrated here may
	l y represent the genesis of socioeconomic health inequalities in infancy, childhood and
	adulthood. In particular, since foetal head growth is associated with future cognitive
	functioning and academic achievement 3,42, the observed socioeconomic inequalities in
	foetal head growth might have consequences for later cognitive ability, educational
	attainment and job performance for the offspring of low-educated mothers. Taking
	measures to narrow inequalities in foetal growth should be an important public health
	issue. Smoking during pregnancy being the most important modifiable factor explaining
	these inequalities, such measures should primarily be aimed at reducing smoking rates

7,41. Since head circumference is associated with academic achievements 3,42 and maternal head In conclusion, this unique study demonstrates that, relative to a high maternal educational level, a low educational level is associated with a slower foetal growth, in particular growth of the head. Important mediators such as smoking explained only part of this association. Future research should aim at additional determinants of foetal growth, such as nutritional, psychosocial or genetic factors to further disentangle the pathway between SES and foetal growth. 38. Vik T, Jacobsen G, Vatten L, Bakketeig LS. Pre-and post-natal growth in children of women who smoked in pregnancy. Early Hum Dev 1996;45(3):245-55. 39. Jaddoe VW, Verburg BO, de Ridder MA, Hofman A, Mackenbach JP, Moll HA, et al. Maternal smoking and fetal growth characteristics in different periods of pregnancy: the generation R study. Am J Epidemiol 2007;165(10):1207-15. 40. Lindsay CA, Thomas AJ, Catalano PM. The effect of smoking tobacco on neonatal body composition. Am J Obstet Gynecol 1997;177(5):1124-8. 41. Godfrey K, Robinson S, Barker DJ, Osmond C, Cox V. Maternal nutrition in early and late pregnancy in relation to placental and fetal growth. Bmj 1996;312(7028):410-

Table 1 . (continued)

 1 

	Maternal education

Table 2 . Associations between maternal educational level and standard deviation scores for estimated foetal weight at 20, 30 and 40 weeks gestation (n=3545). Difference in standard deviation score for estimated foetal weight at 20 weeks gestation (with 95% CI and P values)

 2 

		Crude model	Basic model*	Fully adjusted †
	Maternal education			
	High	Reference	Reference	Reference
	Mid-high	0.02 (-0.07,0.11)	0.02 (-0.07,0.11)	0.02 (-0.07,0.12)
		p=0.73)	p=0.61	p=0.59)
	Mid-low	0.06 (-0.03,0.14)	0.08 (-0.01,0.17	0.07 (-0.02,0.17)
		p=0.21	p=0.10	p=0.14)
	Low	-0.01 (-0.11,0.089)	0.02 (-0.09,0.13)	0.05 (-0.07,0.17)
		p=0.82	p=0.70)	p=0.44)

Difference in standard deviation score for estimated foetal weight at 30 weeks gestation (with 95% CI and P values)

  

		F o		
		r		
	Maternal education High	Crude model Reference R e v i Basic model* Reference e w	Fully adjusted † Reference
	Mid-high Mid-low	-0.02 (-0.09,0.05) p=0.61 -0.04 (-0.11,0.03) p=0.29	-0.009 (-0.08,0.06) p=0.80 -0.03 (-0.10,0.05) p=0.48 O n l y 0.002 (-0.07,0.07) p=0.96 -0.01 (-0.09,0.06) p=0.72
	Low	-0.16 (-0.24,-0.08)	-0.16 (-0.25,-0.08)	-0.07 (-0.16,0.02)
		p=0.0001	p=0.0001	p=0.15
				4

Table 2 . (Continued) Difference in standard deviation score for estimated birth weight at 40 weeks gestation (with 95% CI and P values)

 2 Values are based on multilevel models. CI: confidence interval. * Basic model: adjusted for maternal age and parity. † Fully adjusted: adjusted for maternal age and parity, maternal height, pre-pregnancy BMI, smoking during pregnancy, single motherhood, whether the pregnancy was planned and financial difficulties. The following covariate*gestational age interactions were also included: age*gestational age, parity*gestational age, height*gestational age, BMI* gestational age, smoking*gestational age, financial difficulties*gestational age.

		Crude model	Basic model*	Fully adjusted †
	Maternal education			
	High	Reference	Reference	Reference
	Mid-high	-0.05 (-0.14,0.04)	-0.04 (-0.13,0.05)	-0.02 (-0.11,0.06)
		p=0.25	p=0.35	p=0.62)
	Mid-low	-0.13 (-0.22,-0.04)	-0.13 (-0.22,-0.04)	-0.10 (-0.19,-0.008)
		p=0.003	p=0.005	p=0.03
	Low	-0.30 (-0.40,-0.20);	-0.35 (-0.46,-0.24)	-0.18 (-0.29,-0.07)
		p<0.0001	p<0.0001	p=0.002

Table 3 . Associations between maternal educational level and growth of the foetal head, abdomen and femur (n=3545). Differences in foetal head circumference growth (mm/week) (with 95% CI and P values)

 3 

		Crude model	Basic model*	Fully adjusted †
	Educational level			
	High	Reference	Reference	Reference
	Mid-high	-0.03 (-0.22,0.05)	-0.03 (-0.11,0.05)	-0.02 (-0.09,0.06)
		p=0.42	p=0.46	p=0.63
	Mid-low	-0.10 (-0.17,-0.02)	-0.09 (-0.17,-0.02)	-0.08 (-0.15,-0.003)
		p=0.02	p=0.02	p=0.04
	Low	-0.15 (-0.24,-0.06)	-0.16 (-0.25,-0.07)	-0.10 (-0.18,-0.01)
		p=0.0007	p=0.0004	p=0.04
		Differences in foetal abdominal circumference growth (mm/week) (with 95% CI
			and P values)	
		Crude model	Basic model*	Fully adjusted †
	Maternal education			
	High	Reference	Reference	Reference
	Mid-high	0.01 (-0.09,0.11)	0.02 (-0.09,0.12)	0.02 (-0.08,0.12)
		p=0.78	p=0.73	p=0.67
	Mid-low	-0.02 (-0.12,0.08)	-0.01 (-0.11,0.09)	-0.03 (-0.14,0.07)
		p=0.75	p=0.80	p=0.50
	Low	-0.09 (-0.20,0.03)	-0.10 (-0.21,0.01)	-0.10 (-0.22,0.02)
		p=0.13	p=0.08	p=0.11

Table 3 . (continued) Differences in foetal femur length growth (mm/week) (with 95% CI and P values)

 3 

		Crude model	Basic model*	Fully adjusted †
	Maternal education			
	High	Reference	Reference	Reference
	Mid-high	-0.004 (-0.02,0.01)	-0.003 (-0.02,0.02)	0.001 (-0.02,0.02)
		p=0.66	p=0.72	p=0.92
	Mid-low	-0.01 (-0.03,0.004)	-0.01 (-0.03,0.004)	-0.003 (-0.02,0.01)
		p=0.66	p=0.14	p=0.71
	Low	-0.025 (-0.046,-0.004)	-0.03 (-0.05,-0.006)	0.0004 (-0.02,0.02)
		p=0.02	p=0.01	p=0.96

Values are based on multilevel models. CI: confidence interval. * Basic model: adjusted maternal age and parity. † Fully adjusted: adjusted for maternal age and parity, maternal height, pre-pregnancy BMI, smoking during pregnancy, single motherhood, whether the pregnancy was planned and financial difficulties. The following covariate*gestational age interactions were also included: for head-circumference model: parity*gestational age, height*gestational age, BMI* gestational age, smoking*gestational age; for abdominal-circumference model: parity*gestational age, BMI* gestational age, smoking*gestational age; for femur-length model: parity*gestational age, height*gestational age, smoking*gestational age.

Table 4 . Associations between maternal educational level and foetal head circumference, abdominal circumference and femur length (in standard deviation scores) at 20 and 30 weeks gestation (n=3545).

 4 

	20 weeks gestation		High education	Mid-high education	Mid-low education	Low education
	HC (SD score)	Crude model	Reference	-0.09 (-0.19,0.002;	-0.11 (-0.21,-0.02);	-0.17 (-0.28,-0.06)
				p=0.06	p=0.02	p=0.002
		Basic Model*	Reference	-0.09 (-0.19,0.005)	-0.10 (-0.20,0.00)	-0.14 (-0.25,-0.03)
				p=0.06	p=0.05	p=0.01
		Fully adjusted †	Reference	-0.09 (-0.19,0.007)	-0.09 (-0.19,0.01)	-0.10 (-0.22,0.03)
				p=0.07	p=0.07	p=0.13
	AC (SD score)	Crude model	Reference	-0.01 (-0.10,0.08);	-0.05 (-0.14,0.04)	-0.09 (-0.19,0.01)
				p=0.81	p=0.28	p=0.09
		Basic Model*	Reference	0.005 (-0.09,0.10)	-0.006 (-0.10,0.09)	-0.03 (-0.14,0.08)
				p=0.92	p=0.90	p=0.61
		Fully adjusted †	Reference	0.005 (-0.09,0.10)	-0.001 (-0.10,0.10)	0.01 (-0.11,0.13)
				p=0.88	p=0.98	p=0.87
	FL (SD score)	Crude model	Reference	0.02 (-0.07,0.11)	0.13 (0.04,0.22)	0.05 (-0.05,0.16)
				p=0.68	p=0.005	p=0.30
		Basic Model*	Reference	0.01 (-0.08,0.11)	0.12 (0.02,0.21)	0.02 (-0.08,0.13)
				p=0.77	p=0.02	p=0.67
		Fully adjusted †	Reference	0.02 (-0.08,0.11)	0.10 (0.008,0.20)	0.04 (-0.08,0.16)
				p=0.73	p=0.03	p=0.48

Table 4 . (continued)

 4 Values are based on multilevel models and represent differences in head circumference, abdominal circumference and femur length (expressed in standarddeviation scores, with associated 95% CI and P values) relative to foetuses of women with high educational level. HC: head circumference; AC: abdominal circumference; FL: femur length; SD-score: standard deviation score. * Basic model: adjusted for maternal age and parity. † Fully adjusted: adjusted for maternal age and parity, maternal height, pre-pregnancy BMI, smoking during pregnancy, single motherhood, whether the pregnancy was planned and financial difficulties. The following covariate*gestational age interactions were also included: for head-circumference model: parity*gestational age, height*gestational age, BMI* gestational age, smoking*gestational age; for abdominal-circumference model: parity*gestational age, BMI* gestational age, smoking*gestational age; for femurlength model: parity*gestational age, height*gestational age, smoking*gestational age.

	30 weeks gestation		High education	Mid-high education	Mid-low education	Low education
	HC (SD score)	Crude model	Reference	-0.08 (-0.17,0.007)	-0.17 (-0.25,-0.08)	-0.28 (-0.37,-0.18)
				p=0.07	p=0.0002	p<0.0001
		Basic Model*	Reference	-0.07 (-0.16,0.01)	-0.15 (-0.24,-0.06)	-0.26 (-0.36,-0.15)
				p=0.10	p=0.001	p<0.0001
		Fully adjusted †	Reference	-0.06 (-0.15,0.03)	-0.12 (-0.21,-0.03)	-0.14 (-0.25,-0.03)
				p=0.17	p=0.01	p=0.01
	AC (SD score)	Crude model	Reference	0.0014 (-0.09,0.0);	-0.04 (-0.13,0.04)	-0.14 (-0.24,-0.04)
				p=0.97	p=0.30	p=0.005
		Basic Model*	Reference	0.02 (-0.07,0.11)	0.001 (-0.09,0.09)	-0.08 (-0.19,0.02)
				p=0.66	p=0.99	p=0.10
		Fully adjusted †	Reference	0.03 (-0.06,0.11)	-0.008 (-0.10,0.08)	-0.04 (-0.15,0.07)
				p=0.56	p=0.86	p=0.44
	FL (SD score)	Crude model	Reference	-0.01 (-0.10,0.07)	0.03 (-0.05,0.11)	-0.09 (-0.18,0.006)
				p=0.73	p=0.49	p=0.07
		Basic Model*	Reference	-0.02 (-0.10,0.07)	0.02 (-0.07,0.10)	-0.13 (-0.22,-0.02)
				p=0.69	p=0.70	p=0.01
		Fully adjusted †	Reference	-0.001 (-0.08,0.08)	0.05 (-0.04,0.13)	-0.006 (-0.11,0.10)
				p=0.99	p=0.31	p=0.92

model for analyses with standard-deviation (SD) scores for estimated foetal weight, head circumference, abdominal circumference, and femur length

  Figure 2a. Estimated differences in foetal growth rate (grams/week) for foetuses of women with low, mid-low and mid-high education relative to foetuses of women with high Values are based on multilevel models and represent the differences in foetal growth rate for foetuses of women with low, mid-low and mid-high education relative to those of women with high education. All values are adjusted for maternal age and parity. The following covariate*gestational age interactions were also included: age*gestational age, parity*gestational age. Figure 2b. Estimated differences in foetal growth rate (grams/week) for foetuses of women with low, mid-low and mid-high education relative to foetuses of women with high education, fully adjusted (n=3545)*.
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table 1 . Estimated foetal weight, head circumference, abdominal circumference and femur length at median gestational age in mid and late pregnancy in the total study population. Mid pregnancy (median 20.5 weeks) Late pregnancy (median: 30.4 weeks)

 1 

	Estimated foetal weight (grams)	371.9 (43.7)	1622.0 (188.7)
	Head circumference (mm)	178.1 (6.3)	285.4 (9.3)
	Abdominal circumference (mm)	155.9 (8.2)	264.6 (13.2)
	Femur length (mm)	33.1 (1.8)	57.4 (2.2)
	Values are means (with standard deviations)	

table 2 .

 2 Crude associations between potential mediators and growth of the foetal head, abdomen and femur.Values are based on multilevel models. The effect estimates represent the difference in growth rate in mm/week per unit increase in case of continuous variables, or relative to the reference category in case of categorical variables. CI: confidence interval.

		Head circumference	Abdominal	Femur length growth
		growth (mm/week,	circumference	(mm/week, with 95%
		with 95% and p-value	growth (mm/week,	and p-value)
			with 95% and p-	
			value)	
	Maternal height (per cm increase)	0.015 (0.01,0.02)	0.0028 (-0.003,0.009)	0.0039 (0.0028,0.005)
		p<0.0001	p=0.3622	p<0.0001
	Maternal pre-pregnancy BMI (per	0.011 (0.003,0.019)	0.04 (0.03,0.05)	0.00098 (-
	kg/m 2 increase)	p=0.0050	p<0.0001	0.00089,0.0029)
				p=0.3054
	Smoking			
	No	Reference	Reference	Reference
	Until pregnancy known	0.007 (-0.10,0.12)	0.05 (-0.09,0.19)	-0.015 (-0.04,0.01)
		p=0.9049	p=0.4964	p=0.2509)
	Continued during pregnancy	-0.22 (-0.30,-0.14)	-0.25 (-0.35,-0.15)	-0.05 (-0.07,-0.03)
		p<0.0001	p<0.001	p<0.0001
	Pregnancy was planned			
	Yes	Reference	Reference	Reference
	No	-0.07 (-0.15,0.006)	-0.09 (-0.19,0.005)	-0.02 (-0.04,-0.002)
		p=0.07	p=0.0624	p=0.0259
	Marital status			
	Married/cohabiting	Reference	Reference	Reference
	Single	-0.13 (-0.24,-0.02)	-0.21 (-0.35,-0.07)	-0.03 (-0.06,-0.006)
		p=0.0197	p=0.0027	p=0.0148
	Financial difficulties			
	No	Reference	Reference	Reference
	Yes	-0.13 (-0.22,-0.03)	-0.13 (-0.25,-0.009)	-0.028 (-0.051,-0.003)
		p=0.009	p=0.035	p=0.0239

table 3 .

 3 Associations between maternal educational level and standarddeviation scores for foetal head circumference, abdominal circumference and femur length at 30 weeks gestation, after individual adjustment for the potential mediators.

HC (SD-

score) at 30 weeks gestation (with 95% CI)

  

	Educational level	High	Mid-high	Mid-low	Low
	Basic model*	Reference	-0.07 (-0.16,0.01)	-0.15 (-0.24,-0.06)	-0.26 (-0.36,-0.15)
	Basic model +	Reference	-0.07 (-0.16,0.02)	-0.13 (-0.22,-0.04)	-0.20 (-0.30, -0.10)
	maternal height				
	Basic model +	Reference	-0.08 (-0.16,0.01)	-0.18 (-0.27, -0.09)	-0.30 (-0.40,-0.190)
	Pre-pregnancy BMI				
	Basic model +	Reference	-0.06 (-0.15, 0.03)	-0.11 (-0.20, -0.02)	-0.17 (-0.28, -0.06)
	Smoking during				
	pregnancy				
	Basic model +	Reference	-0.07 (-0.16,0.01)	-0.14 (-0.23,-0.05)	-0.23 (-0.33,-0.13)
	Single motherhood				
	Basic model +	Reference	-0.07 (-0.16,0.02)	-0.14 (-0.23,-0.06)	-0.25 (-0.35,-0.14)
	Whether pregnancy				
	planned				
	Basic model +	Reference	-0.07 (-0.16,0.02)	-0.14 (-0.23,-0.05)	-0.24 (-0.34,-0.13)
	Financial difficulties				

AC (SD-score) 30 weeks gestation (with 95% CI) Educational level High Mid-high Mid-low Low

  Values are based on multilevel models and represent differences in head circumference, abdominal circumference and femur length (expressed in standard-deviation scores) relative to foetuses of women with high educational level. HC: head circumference; AC: abdominal circumference; FL: femur length; SD-score: standard deviation score. * Basic model: adjusted for maternal age and parity.

	Basic model +	Reference		0.02 (-0.06,0.11)	0.007 (-0.08,0.10)	-0.07 (-0.17,0.03)
	Whether pregnancy				
	planned				
	Basic model +	Reference		0.02 (-0.07,0.11)	0.006 (-0.08,0.09)	-0.07 (-0.17,0.03)
	Financial difficulties				
				FL (SD-score) 30 weeks (with 95% CI)
	Educational level	High		Mid-high	Mid-low	Low
	Basic model*	Reference		-0.02 (-0.10,0.07)	0.02 (-0.07,0.10)	-0.13 (-0.22,-0.02)
	Basic model +	Reference		-0.01 (-0.10,0.07)	0.04 (-0.05, 0.12)	-0.06 (-0.15,0.05)
	maternal height Pre-pregnancy BMI Basic model +	F r o Reference	-0.02 (-0.11,0.06)	-0.05 (-0.11,0.07)	-0.19 (-0.29,-0.09)
	Smoking during Basic model +	R Reference 0.001 (-0.08,0.09)	0.07 (-0.02,0.15)	0.002(-0.10,0.11)
	pregnancy Basic model +	Reference	e v -0.02 (-0.10,0.07)	0.02 (-0.07,0.11)	-0.11 (-0.21,-0.01)
	Single motherhood Whether pregnancy Basic model +	Reference		i e w -0.02 (-0.10,0.07)	0.01 (-0.07,0.11)	-0.12 (-0.22,-0.01)
	Basic model* Financial difficulties planned Basic model +	Reference Reference		0.02 (-0.07,0.11) O 0.001 (-0.09,-0.09) l n -0.02 (-0.10,0.07) 0.02 (-0.07,0.11)	-0.09 (-0.19,-0.02) -0.12 (-0.22,-0.01)
					y
	Basic model +	Reference		0.02 (-0.07,0.11)	0.01 (-0.08,0.10)	-0.06 (-0.16,0.05)
	maternal height				
	Basic model +	Reference		0.01 (-0.07,0.10)	-0.05 (-0.14,0.04)	-0.16 (-0.26,-0.06)
	Pre-pregnancy BMI				
	Basic model +	Reference		0.03 (-0.06,0.12)	0.031 (-0.06,0.12)	-0.002 (-0.11,0.11)
	Smoking during				
	pregnancy				
	Basic model +	Reference		0.02 (-0.07,0.11)	0.007 (-0.08,0.10)	-0.06 (-0.17,0.04)
	Single motherhood				
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