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Objective To investigate whether eating disorders are associated

with lower size at birth, symmetric growth restriction, and

preterm birth; and whether pregnancy smoking explains the

association between anorexia nervosa and fetal growth.

Design Longitudinal population-based cohort study.

Setting Denmark.

Sample Women from the Danish National Birth Cohort

(n = 83 826).

Methods Women with anorexia nervosa (n = 1609), bulimia

nervosa (n = 1693) and both (anorexia + bulimia nervosa,

n = 634) were compared with unexposed women (n = 76 724)

(women with exposure data and singletons n = 80 660) using

crude and adjusted linear and logistic regression models.

Main outcome measures Size at birth (birthweight, length, head

and abdominal circumference and placental weight); gestational

age; small- and large-for-gestational-age (SGA, LGA); ponderal

index, abdominal/head circumference.

Results Lifetime anorexia nervosa and lifetime anorexia + bulimia

nervosa were prospectively associated with restricted fetal growth

and higher odds of SGA [respectively, OR = 1.6 [95% CI 1.3–1.8]
and OR = 1.5 [95% CI 1.2–1.9)] compared with unexposed

women. Active anorexia nervosa was associated with lower

birthweight, length, head and abdominal circumference, ponderal

index, higher odds of SGA [OR = 2.90 (95% 1.98–4.26)] and
preterm birth [OR = 1.77 (95% CI 1.00–3.12)] compared

with unexposed women. Pregnancy smoking only partly explained

the association between anorexia nervosa and adverse fetal

outcomes.

Conclusions Maternal anorexia nervosa (both active and past) is

associated with lower size at birth and symmetric growth

restriction, with evidence of worse outcomes in women with

active disorder. Women with anorexia nervosa should be

advised about achieving full recovery before conceiving.

Similarly, targeting smoking in pregnancy might improve fetal

outcomes.

Keywords Anorexia nervosa, bulimia nervosa, eating disorders,

growth, obstetric, restriction.

Tweetable abstract Anorexia nervosa predicts small size at birth,

small-for-gestational-age and symmetric growth restriction.
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Introduction

Eating disorders (ED)—anorexia nervosa (AN), bulimia

nervosa (BN), binge eating disorder and other specified

feeding and eating disorders—are common among women

of reproductive age (5–10%)1 and among pregnant women

(5–8%).2–4 Despite this, there is a relative scarcity of stud-

ies focusing on adverse obstetric and fetal outcomes in

women with ED. The majority of studies suggest that

maternal ED, in particular AN, are associated with lower

birthweight,5,6 but this association has not always been

replicated. In relation to preterm birth, the evidence is less

consistent.

Birthweight is a well-known marker of development in

utero and is a strong predictor of short and long-term

physical and cognitive outcomes.7–9 Fetal growth restriction

and preterm delivery in particular predict increased risk of

morbidity and mortality from cardiovascular and metabolic
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diseases, as well as neurological and psychiatric disorders in

adult life.10,11 Restricted growth can occur in a symmetric

(a uniform reduction in the dimensions of all organs) and

asymmetric fashion, in which the reduction is dispropor-

tionate, as the head in particular is less reduced in size

compared with all other body parts (brain sparing). No

previous study has investigated symmetrical versus asym-

metrical growth restriction in babies of women with ED.

We have previously shown that women with lifetime AN

gave birth to babies with lower birthweight compared with

controls, and that this effect was mediated by maternal low

body mass index (BMI) pre-pregnancy and smoking in

pregnancy.12 We therefore aimed to replicate and extend

these findings in a much larger sample. Maternal low BMI

and smoking are important preventable risk factors that

can be targeted at population-level; understanding their

effect on fetal growth in women with ED might help to

maximise public health and targeted interventions.

Thus we aimed to investigate size at birth, asymmetrical

growth restriction, and preterm birth in the largest popula-

tion-based study so far of pregnant women with past and

current ED, and hypothesised that: (1) maternal ED (AN

and BN) prior to and during pregnancy would be associ-

ated with lower size at birth and preterm birth compared

with non-ED women; (2) active AN would be associated

with lower birthweight and size at birth compared with

women with past AN and non-ED women; and (3) smok-

ing in pregnancy would mediate the association between

maternal AN and size at birth.

Methods

Sample
The Danish National Birth Cohort (DNBC) is a longitudi-

nal cohort of 100 418 pregnancies recruited from 1996 to

2002 at the first antenatal visit throughout Denmark.13

Data on maternal demographics and pregnancy exposures

were collected via telephone interviews in early pregnancy.

Eligibility for this specific study required that the women

had participated in the initial telephone interview carried

out at 16–17 weeks’ gestation (n = 90 165). Given that

women could enrol in the DNBC with subsequent preg-

nancies we restricted the study population to the first

enrolled pregnancy (n = 83 826) to avoid non-indepen-

dence of data (due to the same women having more than

one pregnancy in the cohort). Multiple pregnancies have

different patterns of fetal growth and gestational length;

therefore we restricted the population to singleton pregnan-

cies (n = 80 666) (see Figure 1 for flowchart). Six women

had missing data on the exposure, leaving 80 660 women

for inclusion in the study. Following birth, data from the

DNBC were linked to the Danish National Registers as

previously described.13

Figure 1 details sample sizes for each set of analyses: size

at birth and preterm birth. Women who were diagnosed with

gestational diabetes [n = 1184 (1.5%)] were excluded from

the size at birth analyses due to a higher prevalence of

macrosomia. Women were included in these analyses if they

had complete data on all fetal growth outcomes and did not

have a diagnosis of gestational diabetes (n = 73 134).

In preterm birth analyses among the 80 660 women

included, 80 383 (99.6%) had data on gestational age and

were included in the preterm birth analyses.

Exposure

Eating disorders
Women were interviewed at 16–17 weeks’ gestation, and as

part of the interview they were asked whether they had ever

suffered from AN or BN. ED are chronic disorders that

rarely remit spontaneously; however, they are ego-syntonic

and a large proportion of sufferers do not seek treatment

for an ED. Therefore, a self-reported history of AN and BN

is often used in population-based studies and has been

shown to be highly specific and sensitive compared with

diagnostic interviews in pregnant and non-pregnant popu-

lation-based samples.14 These women were categorised into

the following exposure groups for ‘lifetime’ (prior or dur-

ing pregnancy) disorder: AN (n = 1609, 2.0%), BN

(n = 1693, 2.1%), or both (n = 634, 0.8%). Diagnostic

‘cross-over’ during the life course is common in ED, in

particular from AN to BN, therefore the latter was included

as a separate exposure category, given previous evidence

that women who report both differ from women reporting

only AN or BN12,14 (i.e. this group might comprise women

with AN who have AN binge-purge type, or women with a

more severe disorder).

Women with no ED history were classified as unexposed

(n = 76 724; 95.1%).

Recent or past AN
Women who reported having ever suffered from AN were

also asked about age of onset and we generated a variable

indicating how many years prior to interview the onset of

AN was.

Pre-pregnancy BMI was obtained at the initial telephone

interview and calculated as pre-pregnant weight (in kg)/

height (in m)². Pre-pregnancy weight obtained from inter-

views has been validated in a subsample of DNBC mothers

(n = 5033), with evidence of very good agreement of BMI

obtained from self-reported anthropometry with BMI

obtained from weight measurements from obstetric

records.15

We used data on pre-pregnancy BMI and recency of

onset to determine whether maternal AN was active or

past: given that underweight is a diagnostic criterion of
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AN, all women who self-reported having suffered from AN

lifetime and who had a BMI <18.5 (underweight16) were

classified as having active AN (n = 174, 0.23%), women

with lifetime AN who had a BMI >18.5 pre-pregnancy

(n = 1415, 1.84%), i.e. likely recovered, were classified as

past AN. Women with active AN reported onset of the dis-

order closer to enrolment (48% reported onset <10 years

from enrolment).

Outcomes
We obtained data on birthweight and placental weight (in

grams), length, abdominal and head circumference in cen-

timetres (cm) from the Danish National Patient Register.17

Size at birth and gestational age were checked for plausibil-

ity by visual and tabular inspection. Ponderal index (PI)

was obtained as: birthweight (in g) 9 100/birth length (in

cm)3. Small-for-gestational-age (SGA) and large-for-gesta-

tional-age (LGA) were determined as <10th percentile and

>90th percentile, respectively, of the sex- and gestational-

specific birthweight, based on a Scandinavian intrauterine

fetal growth standard.18 SGA and LGA were considered

proxy measures for fetal growth.

We also determined the ratio of abdominal/head circum-

ference to investigate symmetric versus asymmetric growth.

We calculated placental weight/birthweight ratios by divid-

ing placental weight by birthweight in grams.

Preterm birth was defined as a dichotomous variable

(birth at <259 days of gestation, prior to the full 37 weeks).

Covariates
Data on maternal age at conception, marital status, gesta-

tional age at birth and gender of the baby were obtained

from the Danish National Patient Discharge Register and

Central Person Register. Data on height, pre-pregnancy

weight, parity, smoking, alcohol intake, and employment

status were obtained at interview.

Attrition
Missing data on size at birth and preterm birth were pre-

dicted by older maternal age and maternal occupational

status (being a student or unemployed). These two vari-

ables were included in all multivariable analyses. Complete

data on all covariates were available for 71 131 (97.3% of

those with size at birth data) women for size at birth

Gestational
diabetes

(n = 1184)

Missing
outcome

data
(n = 6342)

Women
with

exposure
data

n = 80 660

Singletons

n = 80 666

Interviewed
in early

pregnancy

n = 90 165

Enrolled in
DNBC

n = 100 418

Missing data
on socio-

demographic
characteristics

(n = 2003)

Available
sample with
data on all
fetal growth
outcomes
n = 73 134

Complete data
for fetal growth

analyses

Available
sample with

data on 
gestational

age
n = 80 383

Analyses on preterm birth

Analyses on fetal growth

Missing data
on socio-

demographic
characteristics

(n = 2831)

Missing
gestational

age
(n = 277)

Missing
data on

exposure
(n = 6)

More than
one

pregnancy
cohort

(n = 6339)

No live
birth or twin

birth
(n = 3160)

n = 71 131

Complete data
for preterm

birth analyses

n = 77 552

Figure 1. Flowchart of enrolled women, both those included in the study and women providing data for the analyses.
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analyses, and 77 552 (96.5% of those with gestational age

data) women for the preterm birth analyses.

Data analyses
The distribution of covariates according to exposure was

assessed using the chi-square test or F-test depending on

the variable type. Mean and standard deviations (SD) were

estimated for all continuous variables, after checking for

normality. Crude analyses for binary outcomes were carried

out using logistic regression. Normality assumptions were

checked prior to using linear regression models.

All analyses relating to size at birth were carried out on

women who had complete data on all outcomes and covari-

ates (see above) and were adjusted for gender of the baby

and gestational age at birth (minimally adjusted models).

Analyses on preterm birth were carried out on women

with complete data on gestational age and covariates (see

above), and were adjusted for gender of the baby.

Multivariable fully adjusted analyses controlled for a

priori confounders: maternal age, and parity, and variables

associated with missingness (maternal employment status).

Initial minimally adjusted and fully adjusted models

investigated the effect of lifetime AN, BN and AN+BN on

size at birth and preterm birth.

A second set of (minimally and fully adjusted) models

investigated the effect of active AN versus past AN on the

outcomes. Smoking in pregnancy was included as an addi-

tional predictor in the multivariable model to test its

potential role as mediating the effect of maternal AN on

size at birth, based on our previous findings.12 These

stepped models are described as Model 1 (confounder

adjusted model) and Model 2 (additionally adjusted for

smoking in pregnancy).

All statistical tests presented are two-tailed. Statistical sig-

nificance was defined as a P-value of ≤0.05. All analyses

were carried out on complete cases. All analyses were car-

ried out in STATA 12.19

Results

Socio-demographic characteristics
Table 1 shows socio-demographic characteristics across

exposure groups. Differences were evidenced across expo-

sure groups in relation to socio-demographic characteristics

(see Table 1).

Women with active AN were younger, had lower BMI

pre-pregnancy, smoked more and a slightly higher percent-

age abstained from alcohol compared with women with

past AN (see Table S1).

Size at birth in offspring of women with lifetime ED
Minimally adjusted (for gender and gestational age) anal-

yses showed that babies of women with lifetime AN and

those of women with lifetime AN+BN had a lower birth-

weight, length, head and abdominal circumference com-

pared with unexposed babies. These two groups similarly

had lower placental weight compared with unexposed

women. Differences observed persisted and remained sta-

tistically significant in adjusted analyses (Table 2). No

differences were seen across groups on the ponderal

index and abdominal/head circumference ratio (see

Table 2).

The prevalence of SGA among women with lifetime AN

was 15.5% compared with 10.4% among unexposed

women. This resulted in a significant minimally and fully

adjusted effect (fully adjusted OR = 1.6, 95% CI 1.3–1.8).
Women with lifetime AN+BN had higher odds of SGA

babies in minimally adjusted and adjusted models (fully

adjusted OR = 1.5, 95% CI 1.2–1.9,) compared with unex-

posed women (Table 2).

Differences in the prevalence of LGA among exposed

women mirrored findings in relation to SGA. Women with

lifetime AN and lifetime AN+BN were less likely to have

LGA babies, with a significant 20–30% reduction in the

odds compared with unexposed women (see Table 2).

Babies of women with lifetime BN did not differ from

babies of women without a lifetime ED.

Placental/birthweight ratio was comparable in women

with lifetime AN, lifetime BN and lifetime AN+BN and

controls (data not shown).

Preterm birth
The prevalence of preterm birth among women with life-

time AN, lifetime BN and lifetime AN+BN was respectively:

4.5, 5.3, and 5.2% compared with 4.5% in unexposed

women. No differences emerged between exposed and

unexposed women (results not shown).

Active versus past AN
Complete data on size at birth was available for 154

women with active AN and 1262 women with past AN.

Babies of women with active AN had worse size at birth

outcomes compared with babies of women with past AN

for all outcomes except abdominal/head circumference

ratio (see Table 3). In comparison with unexposed women,

those with active AN had babies on average 297 g lighter

(P < 0.0001), 1.11 cm shorter (P < 0.0001), and with smal-

ler head and abdominal circumference, and lower PI in

fully adjusted models (Table 3).

Babies of women with past AN also had worse outcomes

compared with babies of unexposed women, although the

magnitude of effects was lower than in women with active

AN (see Table 3).

There was evidence that placental/birthweight ratio was

lower in women with active AN (mean difference �0.006,

P = 0.012) in adjusted analyses (data not shown).
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Both women with active and past AN were more likely

to give birth to SGA babies compared with unexposed

women in fully adjusted analyses (respectively active AN:

OR = 2.90, 95% CI 1.98–4.26); past AN: OR = 1.43, 95%

CI 1.21–1.68); there was also a significant difference

between these two groups (see Table 3).

The prevalence of preterm birth in women with recent AN

was almost double that of women with past AN (respectively

7.51 versus 4.11%), with some evidence that women with

active AN differed from unexposed women in fully adjusted

analyses (OR = 1.77, 95% CI 1.00–3.12; P = 0.049).

Smoking in pregnancy as a mediator of effect in
women with AN
When smoking in pregnancy was included to fully adjusted

models (Model 2) in relation to size at birth, all estimates of

effects were reduced; however, differences between babies of

women with active AN and unexposed decreased only

slightly and remained statistically significant, suggesting par-

tial mediation (see Table 3). This was also the case for differ-

ences between babies of women with past AN and unexposed

women (apart from abdominal circumference difference

estimates, which became statistically non-significant).

Discussion

Main findings
Maternal lifetime AN was associated with size at birth.

Women with lifetime AN gave birth to babies that were

lighter, shorter, had smaller heads and abdomens, and

had lighter placentas compared with women without ED.

They also had 50–60% increased odds of giving birth to

an SGA baby and lower odds of giving birth to an LGA

baby. We found no evidence of asymmetrical fetal growth

restriction in babies of women with lifetime ED, as indi-

cated by no differences in PI and abdominal/head cir-

cumference ratio. Active AN was associated with giving

birth to a baby on average 297 g lighter, 1.1 cm shorter,

and with smaller head and abdominal circumference and

smaller PI compared with non-ED women. Women with

active AN also had almost three-fold increased odds of

SGA compared with non-ED women. There was some

evidence that active AN was associated with higher odds

of preterm birth. Differences in size at birth were also

present between babies of women with past AN and

unexposed women (albeit smaller compared with women

with active AN).

Table 1. Socio-demographic characteristic of study women (n = 80 660)

Lifetime AN Lifetime BN Lifetime AN+BN Unexposed

n = 1609 n = 1693 n = 634 n = 76 724

Maternal age 28.6 (5.0) 28.2 (4.7) 28.3 (4.9) 29.1 (4.3)

Maternal employment status (%)

Skilled or unskilled worker 634 (39.4) 632 (37.3) 215 (33.9) 34 205 (44.6)

Professional occupation 516 (32.1) 577 (34.1) 185 (29.2) 27 706 (36.1)

Student 314 (19.5) 335 (19.8) 158 (24.9) 10 265 (13.4)

Unemployed 129 (8.0) 129 (7.6) 67 (10.6) 3824 (5.0)

Missing 16 (1.0) 20 (1.2) 9 (1.4) 724 (0.9)

Parity

Primiparae 885 (55.0) 1003 (59.2) 350 (55.2) 38 298 (50.0)

Multiparae 724 (45.0) 690 (40.8) 284 (44.8) 38 352 (50)

Missing 0 0 0 74 (0.1)

BMI pre-pregnancy 21.6 (3.4) 23.4 (4.4) 21.3 (3.0) 23.6 (4.2)

Missing 20 (1.2) 31 (1.8) 18 (2.8) 1295 (1.7)

Smoking (no. of cigarettes/day)

None 1224 (76.1) 1370 (81.0) 498 (78.6) 65 081 (84.9)

1–10 197 (12.2) 176 (10.4) 75 (11.8) 5828 (7.6)

10+ 188 (11.7) 145 (8.6) 61 (9.6) 5779 (7.5)

Missing 0 2 (0.1) 0 36 (0.05)

Alcohol use (no. of drinks per week)

None 960 (59.7) 956 (56.6) 394 (62.1) 42 511 (55.5)

Up to 3 570 (35.4) 637 (37.7) 214 (33.7) 30 739 (40.1)

3+ 79 (4.9) 96 (5.7) 26 (4.1) 3388 (4.4)

Missing 0 4 (0.2) 0 86 (0.1)

Italic values indicate missing values.
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An investigation of the potential role of smoking in

pregnancy in women with active and past AN revealed that

it only partly mediated the effect of maternal AN on off-

spring size at birth.

Strengths and limitations
Our findings have to be considered in light of strengths

and limitations. The main strengths are the large sample

size, the number of pregnant women with ED, its popula-

tion-based nature, and the availability of severity indicators

for AN. Another important strength is the availability of

objectively measured outcomes, derived from Medical

Registers. These are unlikely to have been affected by infor-

mation bias. Non-participation in the study has been

shown not to lead to biased association estimates.20

The main limitation of this study relates to ascertainment

of exposure, obtained by self-report. However, we recently

validated self-reported ED in a population-based sample

of pregnant women, finding excellent sensitivity and speci-

ficity of self-reported AN and very good sensitivity and

Table 2. Size at birth in 71 131 singletons of women with lifetime eating disorders and unexposed women*: crude and adjusted mean

differences from linear regression and odds ratios (OR) from logistic regression models (in italics)

Lifetime AN

(n = 1423)

Lifetime BN

(n = 1471)

Lifetime AN+BN

(n = 538)

Birthweight (g)

Mean (SD) 3487.8 (533.5) 3573.7 (540.0) 3476.2 (531.8)

Minimally adjusted** �87.8 (�111.8, �63.7) �20.9 (�44.5, 2.7) �105.0 (�143.5, �66.5)

Adjusted*** �81.3 (�104.9, �57.7) �7.1 (�30.3, 16.1) �100.5 (�138.4, �62.6)

Length (cm)

Mean (SD) 51.9 (2.5) 52.3 (2.6) 51.8 (2.5)

Minimally adjusted** �0.34 (�0.45, �0.23) �0.01 (�0.12, 0.08) �0.35 (�0.53, �0.18)

Adjusted*** �0.32 (�0.42, �0.21) 0.03 (�0.07, 0.1) �0.34 (�0.51, �0.16)

Ponderal index

Mean (SD) 2.48 (0.26) 2.49 (0.33) 2.48 (0.26)

Minimally adjusted** �0.01 (�0.03, 0.002) �0.009 (�0.02, 0.004) �0.02 (�0.05, 0.001)

Adjusted*** �0.01 (�0.03, 0.003) �0.007 (�0.02, 0.01) �0.02 (�0.04, 0.001)

Head circumference (cm)

Mean (SD) 35.01 (1.75) 35.25 (1.79) 34.99 (1.68)

Minimally adjusted** �0.24 (�0.32, �0.16) �0.06 (�0.1, 0.02) �0.29 (�0.42, �0.16)

Adjusted*** �0.23 (�0.31, �0.14) �0.02 (�0.10, 0.05) �0.27 (�0.40, �0.14)

Abdominal circumference (cm)

Mean (SD) 33.1 (2.33) 33.4 (2.26) 33.2 (2.25)

Minimally adjusted** �0.25 (�0.36, �0.14) �0.06 (�0.11, 0.10) �0.19 (�0.37, �0.02)

Adjusted*** �0.22 (�0.33, �0.11) �0.001 (�0.10, 0.10) �0.17 (�0.35, �0.001)

Abdominal/head circumference

Mean (SD) 0.94 (0.05) 0.95 (0.05) 0.95 (0.05)

Minimally adjusted** �0.001 (�0.003, 0.003) 0.0004 (�0.003, 0.003) 0.002 (�0.002, 0.007)

Adjusted*** 0.0003 (�0.003, 0.002) 0.001 (�0.002, 0.004) 0.002 (�0.002, 0.007)

Placental weight (g)

Mean (SD) 645.8 (148.1) 664.6 (147.0) 648.1 (144.7)

Minimally adjusted** �14.7 (�22.2, �7.2) 1.0 (�6.3, 8.4) �12.2 (�24.2, �0.2)

Adjusted*** �13.2 (�20.7, �5.8) 4.1 (�3.2, 11.4) �11.2 (�23.1, 0.7)

Small-for-gestational-age

n (%) 225 (15.5%) 181 (11.9%) 81 (14.3%)

Minimally adjusted** OR 1.6 (1.4, 1.8) 1.2 (0.99, 1.4) 1.5 (1.2, 1.9)

Adjusted*** OR 1.6 (1.3, 1.8) 1.1 (0.9, 1.3) 1.5 (1.2, 1.9)

Large-for-gestational-age

n (%) 130 (9.0%) 184 (12.1%) 55 (9.7%)

Minimally adjusted** OR 0.7 (0.5, 0.8) 0.9 (0.8, 1.1) 0.7 (0.5, 0.9)

Adjusted*** OR 0.8 (0.6, 0.8) 1.0 (0.8, 1.2) 0.7 (0.5, 0.9)

*Unexposed women (n = 67 699) are the reference group.

**Adjusted for gestational age and gender.

***Additionally adjusted for maternal age, parity, and maternal social status. Statistically significant results of comparisons between exposed and

unexposed are in bold.
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specificity for self-reported BN.14 Previous evidence has

highlighted similar results for the diagnostic properties of

self-reported ED.21 Moreover, the prevalence of self-

reported lifetime ED in this cohort is well within known

prevalence figures (P. Stemann Larsen, A.M. Nybo-Ander-

sen, N. Micali, K. Strandberg-Larsen, in preparation).22

and consistent with previous cohort studies of pregnant

women.13,14 Lastly, although we were able to use data on

pre-pregnancy BMI and recency of onset of AN to identify

women who might have suffered from active AN, women

were not asked about specific ED symptoms. However,

linkage of data from DNBC with national psychiatric

Table 3. Size at birth in women with active AN, past AN and unexposed women (n = 67 699): crude and adjusted mean differences from linear

regression and odds ratios (OR) from logistic regression models (in italics)

Active AN

(n = 154)

Past onset AN

(n = 1262)

Birthweight (g)

Mean (SD) 3213.1 (553.4) 3522.9 (521.3)

Minimally adjusted* �297.6****, ***** (�369.9, �225.35) �62.2**** (�87.6, �36.75)

Model 1** �296.6****, ***** (�367.6, �225.63) �55.89**** (�80.90, �30.87)

Model 2*** �248.1****, ***** (�318.1, �178.2) �38.3**** (�62.9, �13.7)

Length (cm)

Mean (SD) 50.8 (2.53) 52.0 (2.49)

Minimally adjusted* �1.13****, ***** (�1.46, �0.80) �0.24**** (�0.36, �0.13)

Model 1** �1.11****, ***** (�1.43, �0.78) �0.22**** (�0.34, �0.11)

Model 2*** �90****, ***** (�1.23, �0.58) �0.15**** (�0.26, �0.03)

Ponderal index

Mean (SD) 2.43 (0.22) 2.49 (0.27)

Minimally adjusted* �0.06****, ***** (�0.10, �0.01) �0.01 (�0.02, 0.01)

Model 1** �0.06****, ***** (�0.09, 0.08) �0.01 (�0.02, 0.009)

Model 2*** �0.06****, ***** (�0.10, �0.01) �0.004 (�0.02, 0.01)

Head circumference (cm)

Mean (SD) 34.4 (1.90) 35.1 (1.71)

Minimally adjusted* �0.67****, ***** (�0.91, �0.43) �0.19**** (�0.28, �0.11)

Model 1** �0.65****, ***** (�0.89, �0.41) �0.17**** (�0.26, �0.10)

Model 2*** �0.56****, ***** (�0.80, �0.32) �0.14**** (�0.22, �0.06)

Abdominal circumference (cm)

Mean (SD) 32.3 (2.35) 33.3 (2.31)

Minimally adjusted* �0.83****, ***** (�1.16, �0.50) �0.18**** (�0.30, �0.06)

Model 1** �0.83****, ***** (�1.15, �0.50) �0.15**** (�0.27, �0.04)

Model 2*** �0.68****, ***** (�1.00, �0.36) �0.10 (�0.21, 0.01)

Abdominal/head circumference

Mean (SD) 0.94 (0.05) 0.95 (0.05)

Minimally adjusted* �0.005 (�0.01, 0.02) �0.001 (�0.003, 0.002)

Model 1** �0.006 (�0.01, 0.002) 0.003 (�0.002, 0.003)

Placental weight (g)

Mean (SD) 579.2 (135.4) 654.4 (146.9)

Minimally adjusted* �73.9****, ***** (�96.44, �51.37) �7.5 (�15.4, 0.46)

Model 1** �73.5****, ***** (�95.9, �51.14) �6.19 (�14.1, 1.69)

Model 2*** �70.1****, ***** (�92.4, �47.7) �4.9 (�12.8, 2.95)

Small-for-gestational-age

Number (%) 37 (24.03%) 182 (14.42%)

Minimally adjusted* OR 2.81****, ***** (1.92, 4.10) 1.44**** (1.23, 1.69)

Model 1** OR 2.90****, ***** (1.98, 4.26) 1.43**** (1.21, 1.68)

Model 2*** OR 2.37****, ***** (1.61, 3.51) 1.31**** (1.11�1.55)

*Adjusted for gestational age and gender.

**Additionally adjusted for maternal age, parity and maternal social status and alcohol use in pregnancy.

***Additionally adjusted for smoking in pregnancy.

****For differences between exposed and unexposed women.

*****P ≤ 0.001 for differences between active and past AN.
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registers containing diagnoses obtained in secondary and

tertiary care lend weight to our categorisation.23 Although

BMI pre-pregnancy was obtained by self-report, and there

is evidence that this is an adequate proxy of observed BMI

in pregnancy.15,24

Interpretation
The majority of previous studies have found a lower birth-

weight or SGA in babies of women with AN,6,12,25,26

although some other studies have not.14,27,28 Limitations of

previous studies, including our own, relate to poor adjust-

ment for confounders, no investigation of maternal BMI,

and small sample size or no data on whether AN was active

or past. Inconsistencies in the literature are also likely to be

due to different designs used, i.e. population samples, usu-

ally including women with a wider range of severity, and

register-based samples, including women with diagnosed

disorders, likely to have had a more severe disorder. We

recently published a meta-analysis of birthweight in women

with lifetime AN, which showed a pooled standardised

mean difference of �0.19 kg (95% CI �0.25 to �0.15;

P = 0.01) in birthweight in offspring of women with life-

time AN compared with unexposed women.5

Fetal growth restriction is the second leading cause of

morbidity and mortality perinatally,29 and there is evidence

that shorter length and ponderal index might be markers

of infant mortality and morbidity.30 Our findings suggest

that poor growth in babies of women with AN is symmet-

ric; consistent with findings relating to the effects of mater-

nal smoking and chronic exposure to malnutrition, more

likely to result in symmetric growth restriction.31 This has

important implications for brain growth, as it indicates that

the brain is equally affected as all the other organs by

growth restriction, and therefore children of mothers with

AN might be at high risk for adverse neuropsychiatric out-

comes.32 As hypothesised, women with active AN (who

were underweight pre-pregnancy) had clinically significant

adverse birth outcomes; this suggests that BMI pre-preg-

nancy plays an important role in fetal growth in this popu-

lation. Given that this is a preventable risk factor, women

with ED should be advised to attain a healthy BMI before

conceiving, and low BMI pre-pregnancy should be an

important risk marker for antenatal health care profession-

als. Interestingly, however, babies of women with past AN

had a similar size at birth compared with those of women

with active AN. This suggests either residual long-term

effects of AN on birth outcomes, via biological risk mecha-

nisms; or might index residual symptoms in women who

are BMI-recovered, which in turn might be the ‘cause’ of

adverse fetal growth. Unfortunately, lack of detailed data

on ED symptoms in this sample precluded any further

analyses. These findings also point to the fact that BMI

pre-pregnancy and smoking are only two mediators and

other factors that we were unable to measure in this study

might be at play. Among these, pregnancy-weight gain,

adequate pregnancy nutrition, and stress might play an

important role33 and may need investigating in further

studies.

As previously hypothesised11 we confirmed that smoking

during pregnancy partly mediated the effect of maternal

AN (active and past) on size at birth; however, the effect of

smoking was small. Nevertheless, these results highlight the

importance of counselling women with ED about giving up

smoking. Smoking cessation in pregnancy is a major public

health goal.34 Although smoking in pregnancy has

decreased over time in Western countries, between one-

and two-thirds of women continue smoking during preg-

nancy.35 Previous studies have suggested that weight and

body image-related issues might prevent women from stop-

ping smoking in pregnancy.36–38 Among women with active

AN, 37% continued to smoke during pregnancy compared

with 15% of women with no ED. This evidence, together

with our findings, suggests that smoking cessation should

take into account ED psychopathology as well as weight

and shape concerns.

Findings relating to preterm birth have been inconsis-

tent, with most previous studies showing no association

between maternal ED and preterm babies.26–29 Only one

study so far has shown a higher prevalence of preterm

births39 and one showed very preterm births in women

previously hospitalised for an ED6 or treated for AN in a

specialist setting. Preterm birth is associated with low

maternal BMI.30 We found some evidence of an association

between active AN and preterm birth in our sample.

Conclusions

This study is the first to show symmetrical growth restric-

tion at birth as a result of maternal lifetime AN, and the

largest study to estimate the effect of active AN in a com-

munity sample. It confirms and extends previous findings

of an important effect of maternal AN on poor size at birth

in the largest population-based sample so far of women

with ED. Our study also highlights important negative

effects on size at birth of both active and past AN. There is

now l good evidence that women with AN do become

pregnant, either spontaneously or following fertility treat-

ment, and report high levels of unplanned pregnan-

cies.4,13,23,24 Awareness of AN among antenatal health care

professionals and primary care providers is important to

prevent adverse fetal and maternal outcomes,40 and ade-

quate identification is likely to benefit both mothers and

their children. In particular, advising women with AN on

the detrimental effects of conceiving at a low body weight

and promoting smoking cessation might be effective. It is

still unclear whether the effects of maternal past AN are
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mediated by active restriction of food intake or compen-

satory behaviours during pregnancy, or are a long-term

effect of the illness. Similarly, it remains to be clarified

what the long-term metabolic effects of maternal ED are

on the offspring. Future studies should aim to clarify risk

mechanisms for lower size at birth and preterm birth in

offspring of women with active AN.
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