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Smoking during Pregnancy Is a Predictor of Poor Perinatal
Outcomes in Maternal Anorexia Nervosa: A Case Series and
Single-Center Cross-Sectional Study in Japan
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Eating disorders are common psychiatric disorders among women of reproductive age, and the prevalence
of eating disorders has been increasing over time in Japan and other countries. The aim of the present
study was to assess perinatal outcomes in maternal anorexia nervosa in Japan and to explore methods to
improve perinatal outcomes. This study consists of a case series describing 13 single pregnancies of 11
women with a history of anorexia nervosa, and a cross-sectional study comparing 13 cases with 240
healthy controls. In the case group, nine cases conceived while underweight, including three who had
fertility treatment. Anorexia symptoms during pregnancy were quite common, and pregnant smokers
presented with extremely disturbed eating behaviors. In a cross-sectional study, premature birth and the
standard deviations from the mean birth weight and mean head circumference at birth were evaluated as
outcome measures. The adjusted odds ratios or the adjusted differences between two means for the
above outcomes were estimated by two approaches: multivariate models and matching analysis. Statistical
analysis showed that maternal anorexia nervosa was associated with an increased risk of premature birth
and symmetric growth restriction mediated by low pre-pregnancy body mass index and poor gestational
weight gain which were adjusted as confounders. Smoking during pregnancy was a potential indicator of
abnormal eating behavior and could be predictive of poor perinatal outcomes. We therefore conclude that
remission of anorexia nervosa before pregnancy could improve perinatal outcomes through both normal
nutrition and smoking cessation. Fertility treatment while underweight is not recommended.
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Introduction

The prevalence of eating disorders among Japanese
women has been increasing over time (Nakai et al. 2014),
similarly to other countries (Kimmel et al. 2016; O’Brien et
al. 2017). Eating disorders are common psychiatric disor-
ders among women of reproductive age, and a variety of
pregnancy-related complications have been reported (Rondo
et al. 2003; Koubaa et al. 2005; Micali et al. 2007, 2012,
2016; Bulik et al. 2009; Hoffman et al. 2011; Linna et al.
2014; Kimmel et al. 2016; O’Brien et al. 2017). However,

to our knowledge, despite the increasing numbers of
patients, no studies on maternal eating disorders in Japan
have been reported in the English or Japanese literature.
Because the incidence of eating disorders might be related
to race, socioeconomic status, and cultural factors (O’Brien
et al. 2017; Nakai et al. 2018), the clinical characteristics
and perinatal outcomes of Japanese women with a history
of eating disorders need to be clarified in order to decrease
the risk of poor health in mothers and children.

Previous studies have indicated that both anorexia ner-
vosa (AN) and bulimia nervosa (BN) are associated with
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premature birth and small-for-gestational-age (SGA)
infants, with the former subtype being more prominent
(Linna et al. 2014). Maternal low weight is generally con-
sidered a predictor of these complications (Fujiwara et al.
2014; Enomoto et al. 2016; Nomura et al. 2017), not only
in mothers with eating disorders (Linna et al. 2014).
Psychological stress may be another factor that leads to
pregnancy-related complications in mothers with eating
disorders (Rondo et al. 2003; Linna et al. 2014).

However, the effects of maternal eating disorders on
perinatal outcomes remain controversial. Recent studies
with larger samples have failed to show an elevated risk of
SGA or premature births in association with maternal eating
disorders (Micali et al. 2012; O’Brien et al. 2017).
Although smoking during pregnancy has been associated
with SGA and premature births in the general population
(Abraham et al. 2017; Tong et al. 2017), previous investiga-
tions on maternal eating disorders have suggested only a
partial mediation effect of smoking on adverse fetal out-
comes (Micali et al. 2016). Both remission and relapse
have been reported among pregnant women with AN, and
remain controversial issues (Koubaa et al. 2005; Micali et
al. 2007; Hoffman et al. 2011; Kimmel et al. 2016).

The aim of the present study was to assess perinatal
outcomes and to explore methods to improve them in
Japanese women with a history of AN. We focused on AN
because we expected it to be both predictive of poorer peri-
natal outcomes compared with other types of eating disor-
ders, and highly associated with the morbidity and mortality
of infants (Kramer 1987; Barker et al. 1993; Baker et al.
2008; Longo et al. 2013; Katanoda et al. 2017). We
hypothesized that Japanese women with a history of AN
would give birth to smaller and more premature infants than
unexposed women secondary to maternal low weight and
smoking during pregnancy, which would be closely related.

Methods

The present study consists of a case series and a cross-
sectional study carried out using medical records in a single
center. The confidentiality of the patients involved was
protected. The local ethics committee of Shiga University
of Medical Science Hospital approved the study (certificate
approval numbers: R2018-070, R2019-187). We provided
opt-out opportunities on the website of our institution for an
adequate duration for any woman who had given birth but
did not want to be included in the study.

Study population

The study population consisted of women who gave
birth at Shiga University of Medical Science Hospital from
April 1998 to March 2018. Over this 20-year period, 6,342
women gave birth from at least 22 weeks gestation at our
hospital.

The case group was defined as Japanese women with a
history of AN who had a singleton birth during the study
period. First, we manually identified these women from

hospital records by searching the diagnostic name of eating
disorders or AN.

Second, we carefully identified the women who had
been diagnosed with AN, excluding those with other types
of eating disorders or other psychiatric disorders. In addi-
tion, we read their records carefully and confirmed their
diagnosis of AN in accordance with the American
Psychiatric Association’s Diagnostic and Statistical Manual,
fifth edition (DSM-5) (American Psychiatric Association
2013).

Third, we excluded foreign women and those with
conditions related to premature birth or growth restriction.
The exclusion criteria were foreign names, multiple preg-
nancies, induced premature birth due to complicated preg-
nancy (e.g., placenta previa, placental abruption), stillbirth,
serious congenital disorders, and the following pregnancy
complications: hypertensive disorders including preeclamp-
sia, diabetes, systemic lupus erythematosus, anti-phospho-
lipid antibody syndrome, hyperthyroidism, untreated hypo-
thyroidism, inflammatory bowel disease, and uterine
malformation. We did not exclude patients who had
received treatment for hypothyroidism before and during
pregnancy or those who had delivered infants with minor
malformations (e.g., cleft lip or palate, hydrocele testis,
ventricular septal defect not requiring surgery).

We aimed to define the control group as Japanese
women who had singleton births without a history of eating
disorders or any conditions related to premature birth or
SGA in the study population. These women were selected
from the delivery register of Shiga University of Medical
Science Hospital from April 2008 to March 2018. We uti-
lized electronic medical records for patients from 2010
onward. Unfortunately, some paper-based records from
before 2010 were incomplete or missing. Thus, the women
in the control group were mainly selected from the period
when electronic medical records were used. After exclud-
ing those who met the exclusion criteria, we randomly
selected 240 unexposed women from the delivery register
as the control group. We selected the first and second deliv-
ery case of every month from the 10-year delivery register,
skipping cases that met the exclusion criteria, including for-
eign women and those with conditions related to premature
birth or SGA, as the cases were applied. We also excluded
patients with a history of any type of eating disorder and
cases with missing data.

Outcomes and potential confounders

Premature birth, and the standard deviations (SDs)
from the mean birth weight and mean head circumference
at birth were evaluated as outcome measures. In order to
evaluate prematurity, we preferred to use “premature birth,”
which is a dichotomized variable defined as childbirth ear-
lier than 37 weeks of gestation, rather than “gestational
week at birth” which is a continuous variable, because the
frequency of planned cesarean section at 37 or 38 weeks of
gestation due to previous cesarean section or uterine sur-
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gery was considerable in both groups. The SDs from mean
birth weight and mean head circumference at birth, both
continuous variables, were selected as indices of infant size
at birth.

To express maternal low weight before and during
pregnancy, pre-pregnancy body mass index (BMI) and ges-
tational weight gain were adopted as potential confounders
in the statistical analysis because they are associated with
premature birth and infant size in the general population
(Naeye and Tafari 1983; Fujiwara et al. 2014; Enomoto et
al. 2016; Lima et al. 2018). For the analysis of SDs from
mean birth weight and mean head circumference at birth,
both of which can have hereditary effects, maternal height
was also adopted as a potential confounder (Naeye and
Tafari 1983).

Data extraction

Data were collected from the medical records of each
patient. Maternal height, pre-pregnancy weight, and weight
immediately before delivery were obtained to calculate pre-
pregnancy BMI and gestational weight gain. Smoking his-
tory and fertility treatment history, including ovulation
induction, artificial insemination, and assisted reproductive
technology, were also investigated. SDs from mean birth
weight and mean head circumference at birth were deter-
mined after assigning gestational weeks and days at birth,
parity, and gender to “New Japanese neonatal anthropomet-
ric charts” (Itabashi et al. 2010, 2014). The clinical histo-
ries of the case group were surveyed in detail. Regular
menstruation was confirmed based on the “self-reported”
regularity in the questionnaire, or physician’s description,
and became definite when the expected date of delivery
(EDD), determined from fetal size in early pregnancy, cor-
responded with the EDD calculated by last menstrual
period. Anorexia behaviors within the 6 months prior to
pregnancy were interpreted as symptoms before pregnancy,
and we evaluated whether each case deteriorated during
pregnancy or not according to the medical record.

Statistical analysis

The baseline patient characteristics for each group
were summarized by mean and SD for continuous variables
and absolute and relative frequencies (%) for categorical
variables. The Student’s ¢ test for continuous variables and
Fisher’s exact test for categorical variables were used to
compare the two groups. The outcomes and potential con-
founders for the statistical analysis were similarly summa-
rized.

To compare the two groups, the odds ratios (ORs) for
premature birth and the differences between two means for
the SDs from mean birth weight and mean head circumfer-
ence at birth were estimated, with their 95% confidence
intervals, by logistic regression models for premature birth
and linear regression models for the SDs from mean birth
weight and mean head circumference at birth. The P values
or the tests for the ORs or the difference between the two

means were calculated using these models.

First, the crude OR for premature birth and the crude
differences between the two means for the SDs from mean
birth weight and mean head circumference at birth were
estimated using univariate models. Second, the adjusted
ORs or the adjusted differences between the two means for
the above outcomes were estimated using two approaches,
multivariate models and matching analysis, to investigate
whether the above outcome was associated with maternal
AN after adjustment. For both approaches, we adjusted for
pre-pregnancy BMI and gestational weight gain for prema-
ture birth, and pre-pregnancy BMI, gestational weight gain
and height for the SDs from the mean birth weight and
mean head circumference at birth. For the matching analy-
sis, four controls per case were selected by matching with
confounders using adjustment.

Statistical analysis was performed using EZR software
(version 1.37; Saitama Medical Center, Jichi Medical
University, Japan) (Kanda 2013). A two-sided significance
level of 5% was used for all tests. For the matching analy-
sis, matched controls were also selected from 240 unex-
posed women using EZR.

Results

We identified 17 pregnancies in 14 women with a his-
tory of AN from 20 years of hospital records. Two women
with twin births and one with type I diabetes mellitus who
delivered two singleton babies were excluded. A woman
receiving treatment for hypothyroidism and another who
delivered an otherwise healthy infant with a cleft lip and
palate were included. Finally, we identified 13 singleton
pregnancies in 11 Japanese women with a history of AN as
the case group.

A comparison of the baseline characteristics of the
study group is shown in Table 1. No differences in age,
parity, or height were observed between the two groups,
whereas the cases showed significantly lower pre-preg-
nancy weight (P < 0.001) than the controls. Both groups
had a comparable frequency of fertility treatment history.
The smoking rates for the case group were significantly
higher than those for the control group, both before and
during pregnancy (both P < 0.001). No significant differ-
ences were seen in the mode of delivery or gender of the
infants between the two groups. Compared with the control
group, gestational week at childbirth was significantly ear-
lier (P < 0.03), and both birth weight and head circumfer-
ence at birth were significantly smaller in the case group (P
<0.002 and P < 0.03, respectively).

A comparison of the outcomes and potential confound-
ers of the statistical analysis between the two groups, first
in the total population, and then in nonsmokers during preg-
nancy, is shown in Table 2. In the total population, the fre-
quency of premature birth was significantly higher (P <
0.03), and the SDs from mean birth weight and mean head
circumference at birth were significantly smaller in the case
group (P < 0.007 and P < 0.05, respectively). In nonsmok-
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Table 1. Baseline characteristics of the two study groups.

Case group Control group P value
(n=13) (n =240)

Age (y) at childbirth, mean (SD) 31.0 (4.9) 33.0(5.2) 0.17
Parity, mean (SD) 0.38 (0.65) 0.64 (0.84) 0.28
Height (cm), mean (SD) 157.8 (6.8) 158.7 (5.1) 0.52
Pre-pregnancy weight (kg), mean (SD) 43.7 (5.5) 51.8 (7.6) <0.001™
Fertility treatment, n (%) 3(23.1) 53(22.1) 1
Smoking before pregnancy, n (%) 7(53.8) 28 (11.7) <0.001™
Smoking during pregnancy, n (%) 4(30.8) 2 (0.8) <0.001™
Cesarean delivery, n (%) 3(23.1) 76 (31.7) 0.76
Male infant, n (%) 9(69.2) 126 (52.5) 0.27
Gestational week at childbirth, mean (SD) 37.2(2.2) 38.3(1.6) <0.03"
Infant size at birth

Birth weight (g), mean (SD) 2,520.6 (530.9) 2,910.1 (417.0) <0.002"

Head circumference (cm), mean (SD) 32.08 (1.56) 33.05 (1.47) <0.03"

SD, standard deviation.
"P<0.05,"P<0.01,™P<0.001.

Table 2. Comparison of outcomes and potential confounders in the case group and control group in (a) the
total population and (b) nonsmokers during pregnancy.

Case group Control group P value
(a) Total populations
Number 13 240
Potential confounders
Pre-pregnancy BMI (kg/m?), mean (SD) 17.49 (1.64) 20.58 (3.01) <0.001™
Gestational weight gain (kg), mean (SD) 2.72 (5.27) 9.84 (5.69) <0.001™
Outcomes
Premature birth, n (%) 4(30.8) 20 (8.3) <0.03"
Infant size at birth 17.49 (1.64) 20.58 (3.01) <0.001""
SD from mean birth weight, mean (SD) —-0.72 (1.22) 0.04 (0.96) <0.007"
SD from mean head circumference, mean (SD) —-0.56 (0.72) 0.00 (1.02) <0.05"
(b) Nonsmokers during pregnancy
Number 9 238
Potential confounders
Pre-pregnancy BMI (kg/m?), mean (SD) 17.58 (1.48) 20.60 (3.02) <0.004"
Gestational weight gain (kg), mean (SD) 2.66 (3.63) 9.76 (5.63) <0.001™
Outcomes
Premature birth, n (%) 3(33.3) 20 (8.4) <0.05"
Infant size at birth
SD from mean birth weight, mean (SD) —0.60 (1.06) 0.04 (0.96) 0.05
SD from mean head circumference, mean (SD) -0.50 (0.77) 0.00 (1.02) 0.15
BMI, body mass index; SD, standard deviation.
*P<0.05,"P<0.01,"P<0.001.
ers, the frequency of premature birth was significantly pre-pregnancy BMI and gestational weight gain were sig-
higher in the case group (P < 0.05), but the cases did not nificantly smaller in the case group in nonsmokers (P <
show a significantly smaller SD from mean birth weight or 0.004 and P < 0.001, respectively), as well as in the total
mean head circumference at birth compared to the controls population (both P < 0.001).

(P =0.05 and P = 0.15, respectively). On the other hand, The detailed profiles of the case group are shown in
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Table 3. Detailed profiles of the case group.
No. 1 2 3 4 5 6 7 8 9 10 11 12 13
Age (y) at childbirth 23 28 28 37 31 36 36 35 36 27 34 28 24
Parity 2 0 0 1 1 0 0 1 0 0 0 0 0
Mode of delivery VD VD VD CS CS VD CS vD VD VD VD VD VD
Changing hospital + - - - + - - - + + + + —
Minimum BMI in the past (kg/m?) NA 152 145 146 NA NA 146 NA 139 163 NA 168 145
Age (y) at minimum BMI 20 25 32 32 18 26 16 20
Pre-pregnancy BMI (kg/m?) 16.8 163 199 155 164 167 164 17.1 1675 190 164 19.6 20.5
Gestational weight gain (kg) 48 56 425 385 23 49 16 085 37 5.4 0.4 7 14.75
Regular menstruation + + - - - - - - — — — +
Fertility treatment - - - + - - - + — + - -
Smoking before pregnancy + + - + + - + - - — + - +
Smoking during pregnancy + - - + + - - - - - - - +
Symptoms before pregnancy + - + + - + - + + - - +
Worsening during pregnancy + + + + + + - + - - + - +
Symptoms during pregnancy
Hyperemesis gravidarum - + - NA + - - NA NA - + —
Anorexia symptoms
Binge eating + - - + - - + - + - — — +
Purging behavior + - + + + - + - + - - - +
Restrictive eating - + + - + + - + - + + - -
Gestational week at childbirth 37 40 40 37 33 39 35 34 37 38 36 39 39
Infant size at birth
SD from mean birth weight -22 21 -16 -16 -16 -11 -09 -08 -07 -02 08 1.2 1.5
SD from mean head circumference -16 -15 -1.1 -07 -06 05 0 -1 -12 -04 -03 0.6 0.1

BMI, body mass index; CS, cesarean section; NA, not available; SD, standard deviation; VD, vaginal delivery.

Table 3. The cases are listed in order of decreasing SD
from mean birth weight; No. 4 and No. 7, and No. 8 and
No. 11 were the same women. Three cases underwent
planned cesarean section for a breech baby (No. 7) or previ-
ous cesarean section (No. 4 and No. 5). No case suffered
non-reassuring fetal status or low Apgar scores (<7) in
their newborn.

Those who changed hospital during pregnancy due to
anorexia symptoms tended to lack information on their
minimum BMI in the past. Nine cases became pregnant
with a BMI of less than 18.5 kg/m?, which corresponds to
the World Health Organization’s threshold for “under-
weight” (World Health Organization 2006). Three women
in the case group (No. 1, No. 3, and No. 13) had regular
menstruation, and only two (No. 3 and No. 13) had both
regular menstruation and normal weight before pregnancy.
Among the nine underweight cases, six women became
pregnant spontaneously; though five of them did not have
regular menstruation (No. 2, No. 4, No. 6, No. 7, and No.
8). Three underweight cases without regular menstruation
(No. 5, No. 9, and No. 11) conceived owing to fertility
treatment and one, No. 9, underwent in vitro fertilization.

Seven cases had anorexia symptoms before pregnancy.
Nine cases got worse during pregnancy, and all cases other
than No. 12 presented with anorexia symptoms during preg-

nancy. Five cases (No. 1, No. 4, No. 7, No. 9, and No. 13)
seemed to be binge-purge type, and seven (No. 2, No. 3,
No. 5, No. 6, No. 8, No. 10, and No. 11) were thought to be
restricting type. The subtypes of AN had no relation to pre-
pregnancy BMI, gestational weight gain, prematurity, or
infant size (data not shown).

Among the seven smokers, three stopped smoking
after they became pregnant. The four women who contin-
ued to smoke during pregnancy (No. 1, No. 4, No. 5, and
No. 13) had three points in common: anorexia symptoms
before pregnancy, deterioration during pregnancy, and purg-
ing behavior. Three (No. 1, No. 4, and No. 5) became preg-
nant while underweight and delivered SGA infants still
being underweight. No. 1 and No. 5 lost weight before
childbirth, and No. 4 had the lowest pre-pregnancy BMI
among those in the case group. On the other hand, No. 13
became pregnant with normal weight, and delivered a baby
with a birth weight of 1.5 SD from the mean, having gained
much weight during pregnancy, probably mediated by binge
eating quantitatively more than purging behavior. Thus,
smoking during pregnancy was found to be involved with
extremely disturbed eating behaviors, though not always
related to low BMI and less weight gain.

Next, we evaluated premature birth and infant size at
birth in maternal AN including pregnant smokers, because
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excluding smokers would leave only mild cases of maternal
AN.

Premature birth

Maternal AN was positively associated with the fre-
quency of premature birth (OR =4.89, P <0.02). However,
this positive association was not observed after adjustment
for pre-pregnancy BMI and gestational weight gain (OR =
0.202, P =0.11), or in the matching analysis with pre-preg-
nancy BMI and gestational weight (OR = 1.87, P = 0.37)
(see Table 4).

Infant size at birth

The difference in means of SDs from mean birth
weight between the two groups was statistically significant
(mean difference [MD] = 0.758, P < 0.007), whereas adjust-
ment for pre-pregnancy BMI, gestational weight gain, and

height reduced the MD, and the adjusted MD between the
two groups was not statistically significant (MD = 0.176, P
= 0.52). Similarly, the matching analysis with pre-preg-
nancy BMI, gestational weight gain, and height revealed a
smaller MD than the crude MD, and no significant differ-
ence was observed between the two groups (MD = 0.385, P
=0.20) (see Table 5).

Analysis of the SDs from mean head circumference at
birth revealed a statistically significant difference between
the means in the case compared to the control group (MD =
0.564, P < 0.05), whereas adjustment for pre-pregnancy
BMI, gestational weight gain, and height, as well as the
matching analysis with these three confounders, reduced
the difference between the two means and revealed no sig-
nificant difference between the two groups (MD = 0.307, P
=0.31; MD = 0.200, P = 0.56) (see Table 06).

Table 4. Premature births in maternal anorexia nervosa compared to controls: crude, adjusted,
and matched odds ratios (ORs) and 95% confidence intervals (Cls) calculated by

logistic regression.

OR 95% CI P value No. of controls
Crude 4.89 1.38-17.3 <0.02 240
Adjusted’ 0.202 0.0286-1.42 0.11 240
Matched* 1.87 0.477-7.31 0.37 52

BMI, body mass index.

TAdjusted for pre-pregnancy BMI and gestational weight gain.
fMatched on pre-pregnancy BMI and gestational weight gain.

P <0.05.

Table 5. Standard deviation from mean birth weight in maternal anorexia nervosa compared
to controls: crude, adjusted, and matched mean differences (MDs) and 95%
confidence intervals (Cls) calculated by linear regression.

MD 95% CI P value No. of controls
Crude 0.758 0.213-1.303 <0.007" 240
Adjusted’ 0.176 -0.364-0.716 0.52 240
Matched* 0.385 -0.208-0.977 0.20 52

BMI, body mass index.

fAdjusted for pre-pregnancy BMI, gestational weight gain, and height.
fMatched on pre-pregnancy BMI, gestational weight gain, and height.

“P<0.01.

Table 6. Standard deviation from mean head circumference at birth in maternal anorexia
nervosa compared to controls: crude, adjusted, and matched mean differences
(MDs) and 95% confidence intervals (Cls) calculated by linear regression.

MD 95% CI P value No. of controls
Crude 0.564 0.001-1.126 <0.05° 240
Adjusted’ 0.307 —0.288-0.902 0.31 240
Matched* 0.200 -0.476-0.816 0.56 52

BMI, body mass index.

TAdjusted for pre-pregnancy BMI, gestational weight gain, and height.
fMatched on pre-pregnancy BMI, gestational weight gain, and height.

"P <0.05.



Smoking and Perinatal Outcomes in Maternal Anorexia Nervosa 197

Discussion

This study has demonstrated, in a Japanese sample,
that anorexia symptoms during pregnancy were quite com-
mon in women with a history of AN, and that maternal AN
was associated with an increased risk of both premature
birth and symmetric growth restriction. We also confirmed
statistically that these adverse effects were mediated by
maternal low pre-pregnancy BMI and small gestational
weight gain. Smoking during pregnancy was more com-
mon in the cases than in the controls and could have an
additive effect on adverse perinatal outcomes resulted from
severe eating disorder.

A major limitation of our study was the small sample
size. A large-scale study of maternal eating disorders is dif-
ficult to carry out in Japan. About 1 million neonates are
born in Japan every year, nearly half of whom are delivered
in small-scale private clinics (Mother’s and Children’s
Health and Welfare Association 2019), representing a delay
in consolidation of delivery facilities. This makes a large-
scale, single-center study of a complicated pregnancy with
low frequency difficult to perform in Japan. Moreover, the
Japan Perinatal Registry Network database, a public data-
base, does not include a history of eating disorders as a sur-
vey item. Therefore, we used statistical techniques, after
setting up an adequate number of controls, to overcome the
limitations of this small-scale study.

First, comparing the case and control groups, we con-
firmed that maternal AN in Japan was associated with an
increased risk of premature birth and symmetric growth
restriction (Tables 1 and 2). Second, we aimed to identify
the factors responsible for adverse effects, independent of
the characteristics of the study population, which have often
caused controversy in observational studies (Micali et al.
2012; O’Brien et al. 2017). We adopted two statistical
approaches: multivariate models adjusted for the confound-
ers indicating maternal low weight before and during preg-
nancy, and a matching analysis by the selection of matched
controls with the same confounders (Tables 4, 5 and 6).
Because no positive association was observed between
maternal AN with a high frequency of premature birth and
small infant size after taking each approach, we concluded
that these poor perinatal outcomes were affected by mater-
nal low weight before and during pregnancy.

We also examined the profiles of the case group
closely by making the best use of a small-scale study (Table
3). The case group in the present study showed a high
prevalence of anorexia symptoms during pregnancy, with
more than half of the cases experiencing worsening AN
symptoms during pregnancy. In most cases, the anorexia
symptoms were supposed to be associated with less gesta-
tional weight gain and even with weight loss before child-
birth.

The smoking rates for the case group were higher than
those for the control group both before and during preg-
nancy (Table 1), in accord with previous reports (Bulik et

al. 2009). In the linear regression analysis of the SDs from
mean birth weight and mean head circumference at birth,
adjustment for smoking during pregnancy diminished the
statistically significant difference between the two groups
(data not shown). Among nonsmokers, those in the case
group showed a lower pre-pregnancy BMI and smaller ges-
tational weight gain, but not a smaller infant size (Table 2).
At first glance, these results may indicate that smoking dur-
ing pregnancy, rather than maternal low weight, would
adversely affect perinatal outcomes. However, detailed
profiles of the case group demonstrated the distinctive fea-
tures of those who continued to smoke despite pregnancy.
These patients conceived with chronic anorexia symptoms
and deteriorated during pregnancy, presenting with purging
behavior (Table 3). Among pregnant smokers, one woman
crossed over from AN to BN, leading to excessive weight
gain and the birth of a large-for-date infant, while others
presented extremely low weight and delivered SGA infants.
We therefore presumed that smoking during pregnancy
might be associated with extremely disturbed eating behav-
iors. Excluding pregnant smokers would leave mild cases
of maternal AN without affecting the evaluation of pre-
pregnancy BMI and gestational weight gain (Table 2).
Thus, we included smokers when evaluating perinatal out-
comes in maternal AN (Tables 4, 5 and 6).

As is well known, smoking itself has deleterious
effects on the fetal growth (Abraham et al. 2017; Tong et al.
2017). Besides that, after considering the limitations due to
the small-scale samples, we feel that smoking during preg-
nancy may be an indicator of abnormal eating behavior, and
both could adversely affect perinatal outcomes. In other
words, smoking would be a predictor of poor perinatal out-
comes through both the severe anorexia symptoms of the
smoking mothers, as well as a serious threat to the fetus via
the well-known negative effects of nicotine and carbon
monoxide. Thus, by close examination of small-scale sam-
ples, we exposed the relationship between smoking and
perinatal outcomes in maternal AN. Our result may corre-
spond with the previous multivariate analysis with large
samples employing smoking as a covariate, and could
explain their result, that is, a partial effect of smoking on
the infant size at birth in maternal AN (Micali et al. 2016).
Generally, smoking cessation in pregnancy is recommended
for adequate weight gain and normal fetal growth (Abraham
et al. 2017; Tong et al. 2017). On the other hand, our
results indicated that interventions for smoking cessation,
without considering latent problems involving eating
behaviors, could easily fail. This is due to the fact that
smoking could be not only a body image-related issue, but
also a sign of the physical, psychological and social patho-
logical severity of eating disorders (Levine et al. 2001,
2010; Fulkerson and French 2003). Therefore, we suggest
that successful psychiatric treatment and the amelioration
of anorexia symptoms before pregnancy could improve
perinatal outcomes and decrease the risk of poor health in
infants through both normal nutrition and smoking cessa-
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tion. Maternal smoking (Abraham et al. 2017; Tong et al.
2017), chronic malnutrition, and hypercortisolemia result-
ing from a stress reaction due to disturbed self-image dur-
ing pregnancy, have already been reported to be major can-
didates for symmetric growth restriction in maternal AN
(Lou et al. 1994; Koubaa et al. 2005; Micali et al. 2016).
Small head circumference at birth, similarly to low birth
weight may have a detrimental effect on brain development
(Koubaa et al. 2005), and might be associated with an
increased risk of coronary heart disease in adulthood
(Risnes et al. 2009).

Of note, more than half of the cases became pregnant
while “underweight” (World Health Organization 2006),
lower than approximately 90% of standard body weight,
which was previously reported as the average weight at
which resumption of menstruation occurs in AN (Golden et
al. 1997). In addition, our result showed that such under-
weight patients often conceived spontaneously without reg-
ular menstruation. These findings indicated not only that
fertility could often resume unexpectedly in women with
AN, implying the risk of an unplanned pregnancy (Bulik et
al. 2010), but also that thin women who were otherwise
healthy could have a past history of eating disorders. As
women with a history of eating disorders are often appar-
ently healthy and tend to hide their past histories from
maternity care providers (Fogarty et al. 2018), thin women
should be observed carefully during perinatal visits so that
potential disturbed eating behaviors are not overlooked. In
our experience, weight loss in mid- or late pregnancy might
predict anorexia symptoms (data not shown), while weight
loss due to hyperemesis gravidarum is common in early
pregnancy. A recent study reported that gestational weight
gain had a greater effect than pre-pregnancy BMI on the
increase in birth weight (Lima et al. 2018), which should
encourage underweight pregnant women to gain adequate
weight and deliver healthy babies.

Also to be considered is the issue of fertility treatment
for underweight women with a history of AN. The
advances in fertility treatment have brought benefits to
many women and fertility treatments have become wide-
spread, especially in developed countries. The guidelines
for the treatment of eating disorders in Japan (Japan Society
for Eating Disorders 2012) refers to some comorbidities of
AN, but does not include amenorrhea and infertility. In the
standard textbook of obstetrics and gynecology in Japan
(Japan Society of Obstetrics and Gynecology 2016), ovula-
tion induction for AN is recommended in cases with higher
than 85% of standard body weight, which is equivalent to
18.7% of BMI. However, unfortunately, such a recommen-
dation is not always observed in clinical practice as our
results show. All healthcare providers, particularly fertility
doctors, should recognize the risk of a pregnancy compli-
cated with active AN. It is possible that the cases who
became pregnant while underweight or without regular
menstruation in our study may still have had anorexia
symptoms whether they reported them to their doctors or

not. Moreover, ovulation induction carries the risk of a
multiple pregnancy which is also associated with premature
birth and SGA as well as further obstetric complications. In
this study, both twin mothers with a history of AN, who
were excluded from the case group, had undergone fertility
treatment and presented these severe complications (data
not shown). We would therefore suggest that the guidelines
for pregnancy in women with a history of AN include the
recommendation that ovulation induction be limited in
patients with lower than 85% standard body weight. The
cooperative medical care of pregnant women with AN by
obstetricians and psychiatrists should be also recommended
in order to prevent deterioration during pregnancy.

Another limitation of this study is that our hospital is a
tertiary hospital providing a specialized, highly technical
level of health care. Our findings might therefore be biased
because our case group consisted of particularly severe
cases, including patients transferred to our hospital due to
deterioration during pregnancy. In addition, some women
in the control group had minor physical or psychological
problems that could be indirectly related to premature birth
or low birth weight. The prevalence of fertility treatment in
the control group would also be larger than in the general
population.

In conclusion, anorexia symptoms during pregnancy
were found to be associated with an increased risk of pre-
mature birth and symmetric growth restriction mediated by
maternal low pre-pregnancy BMI and small gestational
weight gain in Japanese women with a history of AN. It is
conceivable that smoking during pregnancy is a potential
indicator of the severity of eating behavior and is predictive
of poor perinatal outcomes. Remission of anorexia symp-
toms, not only weight gain, but also psychological recovery
before pregnancy, could improve perinatal outcomes
through both normal nutrition and smoking cessation.
Fertility treatment for the women with a history of AN
while underweight is not recommended.

To our knowledge, the present study is the first to
investigate perinatal outcomes in maternal AN in Japan.
Because the consolidation of delivery facilities is not really
advancing in our country, there is a limitation in conducting
a large-scale study of a complicated pregnancy with low
frequency in a single institution. Multi-institutional joint
research or the Japanese Nurses’ Health Study, an ongoing
prospective cohort study involving female nurses (Katanoda
et al. 2017), might reveal more meaningful outcomes
regarding these issues based on large-scale samples in the
future.
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