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Abstract

IMPORTANCE Maternal nutrition is essential in fetal development; thus, disordered eating may
influence this process and contribute to the development of offspring psychiatric disorders.
OBJECTIVE To investigate the association of maternal eating disorders and prepregnancy body
mass index (BMI) with offspring psychiatric diagnoses.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study used Finnish national
registers to assess all live births from January 1, 2004, through December 31, 2014, with follow-up
until December 31, 2021. The data analyses were conducted from September 1, 2023, to September
30, 2024.

EXPOSURES Maternal eating disorder and prepregnancy BMI.

MAIN OUTCOMES AND MEASURES Primary outcomes were 9 neurodevelopmental and
psychiatric offspring diagnoses. Cox proportional hazards modeling adjusted for potential risk factors
in the development of the outcome disorders was applied in 2 models. Secondary analyses were
stratified for adverse birth outcomes (prematurity, small size for gestational age, and low Apgar
score) or comorbid offspring eating disorders. Categories of BMI (calculated as weight in kilograms
divided by height in meters squared) included underweight (BMI <18.5), normal weight (18.5-24.9),
overweight (25.0-29.9), obesity (30.0-34.9), and severe obesity (=35.0).

RESULTS The mean (SD) age of 392 098 included mothers was 30.15 (5.38) years, 42 590 mothers
(10.86%) were born outside of Finland, 6273 mothers (1.60%) had a history of an eating disorder,
23114 mothers (5.89%) had prepregnancy underweight, and 208 335 (53.13%) mothers had
overweight or obesity. Among 649 956 included offspring, 332 359 (51.14%) were male, and 106 777
(16.43%) had received a neurodevelopmental or psychiatric diagnosis. Maternal eating disorders,
prepregnancy underweight, and overweight or obesity were associated with most of the studied
mental diagnoses in offspring, even after adjusting for potential covariates. The largest effect sizes
were observed for maternal eating disorders not otherwise specified in association with offspring
sleep disorders (hazard ratio [HR], 3.34 [95% Cl, 2.39-4.67]) and social functioning and tic disorders
(HR, 2.79[95% Cl, 2.21-3.52]), while for maternal severe prepregnancy obesity, offspring intellectual
disabilities (HR, 2.04 [95% Cl, 1.83-2.28]) had the largest effect size. Adverse birth outcomes further
increased the risk of offspring having other feeding disturbances of childhood and infancy (eg, HR,
4.53[95% Cl, 2.97-6.89] for maternal eating disorders) and attention-deficit/hyperactivity disorder
and conduct disorder (eg, HR, 2.27 [95% Cl, 1.74-2.96] for maternal anorexia nervosa).
CONCLUSIONS AND RELEVANCE In this population-based cohort study including 392 098
mothers and 649 956 offspring, offspring from mothers with an eating disorder history or
prepregnancy BMI outside normal weight were at higher risk of psychiatric disorders. The results
differed somewhat between the 2 exposures with regard to which offspring diagnoses had
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Abstract (continued)

associations, and effect sizes were typically larger for maternal eating disorders vs BMI. These
findings suggest a need to consider these 2 exposures clinically to help prevent offspring
mental illness.

JAMA Network Open. 2024;7(10):e2440517. doi:10.1001/jamanetworkopen.2024.40517

Introduction

Fetal neurodevelopment is a highly regulated and sensitive process influenced by internal and
external factors. The nutritional status prior to and during pregnancy is critical for the developing
brain'2 and macronutrient and micronutrient deficiencies during pregnancy may disturb these
processes. Studies show associations between particular deficiencies and offspring psychiatric
disorders, including maternal vitamin D deficiency and autism spectrum disorder (ASD), attention-
deficit/hyperactivity disorder (ADHD), and schizophrenia,®* low or high maternal serum vitamin B,,
levels and ASD,” and maternal iron deficiency and schizophrenia.® Eating disorders commonly result
189 maternal eating disorders
have a detrimental effect on pregnancy, delivery, and neonatal outcomes.'®'? Different maternal

in nutritional deficiencies.” Similar to malnourishment in pregnancy,

eating disorders may influence different offspring psychopathologies. Ongoing and previous
maternal anorexia nervosa (AN) has been associated with offspring ADHD and ASD, with higher risk
observed for active AN." Maternal history of AN has been associated with offspring emotional
disorders, in particular anxiety and depression.'*' Exposure to lifetime maternal bulimia nervosa
(BN) increases the incidence of offspring obsessive-compulsive disorder symptoms, ADHD, ASD, and
emotional disorders,’*1®
emotional, affective, and anxiety disorders in offspring.”® In addition, maternal obesity has
repeatedly been associated with the risk of psychiatric disorders, such as ASD and ADHD in

offspring.'®-?> Maternal famine, on the other hand, has been associated with a range of mental
27,28

whereas lifetime maternal binge eating disorder is associated with

disorders, including schizophrenia,?® affective disorders, antisocial personality disorder,? and
depressive symptoms.3© Furthermore, increased incidence of nonaffective psychosis in adolescence
exposed to maternal underweight or inadequate weight gain in early pregnancy has been reported.>'
Thus, maternal body mass index (BMI) and eating disorders play a significant role in offspring mental
health, but the link with, in particular, eating disorder not otherwise specified (EDNOS), is not well
investigated. Moreover, eating disorders include more than deviations in BMI, and pathological
mechanisms are believed to differ from those of other disorders with altered BMI or, for example,
constitutional leanness. In addition, AN and eating disorders in general are commonly accompanied
by, for example, psychiatric comorbidities, dietary restriction, and extreme physical activity. Contrary
to individuals with AN, most individuals with other eating disorders are not underweight, but still
have significant somatic complications and psychiatric comorbidities.3 Here, we sought to expand
existing knowledge on associations of different maternal eating disorders and prepregnancy BMI
with neurodevelopmental and psychiatric diagnoses in offspring. We also explored differences
between exposure to maternal AN vs maternal underweight with offspring mental health.

Methods

Study Population

This population-based register cohort study used data from the Finnish Medical Birth Register, the
Finnish Care Register for Health Care (HILMO), and the Finnish Register on Reimbursement Drugs
(RRD). This study included all live births in Finland between January 1, 2004, and December 31, 2014,
followed up until December 31, 2021. The data analyses were conducted from September 1, 2023, to
September 30, 2024. Information on maternal and offspring diagnoses were obtained from HILMO
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using the International Classification of Diseases, Ninth Revision (ICD-9; 1987-1995), and Tenth
Revision (ICD-10; since 1996). Data on purchases of reimbursed medications were obtained using
Anatomical Therapeutic Chemical codes from the RRD. Register data were linked using the encrypted
personal identification numbers assigned to all Finnish citizens and permanent residents. The use of
register data from the Social Insurance Institution and the Finnish Institute for Health and Welfare
and linkages between them was carried out after receiving the necessary permission from the Finnish
Social and Health Data Permit Authority (Findata) and the Swedish Ethics Review Authority. All
procedures contributing to this work complied with the ethical standards of the relevant national and
institutional committees on human experimentation and with the Helsinki Declaration of 1975, as
revised in 2008. The data were pseudonymized by Findata and analyzed in the secured environment
Kapseli provided by Findata. Findata and the Swedish Ethics Review Authority indicated that
informed consent was not required since the study material was based on register data only and no
registered persons were contacted. The researchers had no access to personal identifiable
information. This study follows the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Outcomes

Data on the diagnoses of the offsprings’' neurodevelopmental or psychiatric disorders were collected
from HILMO. The diagnosis status was identified and grouped by the ICD-10 codes of any mental,
behavioral, and neurodevelopmental disorder (FOO-F99); mood disorders (F30-39, F92); anxiety
disorders (F40-43, F93); sleep disorders (F51); intellectual disabilities (F70-79); specific
developmental disorders (F80-83); ASD (F84); ADHD and conduct disorders (F90-91); disorders of
social functioning with onset specific to childhood and adolescence, including selective mutism and
attachment disorders, and tic disorders and Tourette syndrome (hereafter called social functioning
and tic disorders) (F94-95); and other feeding disorders of infancy and childhood (F98.2).

Main Exposures

Maternal prepregnancy BMI was calculated as weight in kilograms divided by height in meters
squared using maternal height and prepregnancy weight reported from the first maternal care visit
in the Medical Birth Register. It was categorized according to the World Health Organization
guidelines as underweight for BMI less than 18.5; normal weight, 18.5 to 24.9; overweight, 25.0 to
29.9; obesity, 30.0 to 34.9; and severe obesity, 35.0 or higher. The data on maternal eating disorder
diagnoses were obtained from HILMO, all diagnosed before pregnancy and identified using ICD
codes as follows: any maternal eating disorder (ICD-9, 3071A, 3075B, and 3075E; ICD-10, F50), AN
(ICD-9, 3071A; ICD-10, F50.0, F50.1), BN (ICD-9, 3071B; ICD-10, F50.2, F50.3), and EDNOS (/CD-9,
3071E; ICD-10, F50.8, F50.9).

Covariates

The covariates were selected with regard to their possible association with the development of
psychiatric disorders.334? The following covariates with categories as described in the Table were
taken into consideration in adjusted model 1: offspring birth year and sex, number of fetuses,
maternal age group at delivery, parity, unmarried mother at birth, mother's country of birth, maternal
smoking during pregnancy, and maternal socioeconomic status. For maternal eating disorders as an
exposure, we also included maternal BMI as a covariate in model 1, while for maternal BMI, we
included outpatient psychiatric disorder in mothers before or during pregnancy (/CD-9, 290-319;
ICD-10, FO0-F99). In adjusted model 2, we added information on maternal systemic or bowel
inflammatory disorder (/CD-10, M30-M36, K50, K51, and K52.3) and maternal diabetes before or
during pregnancy obtained from HILMO to the covariates in model 1. Diabetes diagnoses (/CD-10, ET1,
E14, 024.1, and 024.4) were obtained from HILMO, and maternal insulin-treated pregestational
diabetes was obtained from the RRD.

& JAMA Network Open. 2024;7(10):e2440517. doi:10.1001/jamanetworkopen.2024.40517 October 22,2024 3/16

Downloaded from jamanetwork.com by University of Turku user on 11/01/2024


http://www.equator-network.org/reporting-guidelines/strobe/

Maternal Eating Disorders, Body Mass Index, and Offspring Psychiatric Diagnoses

JAMA Network Open | Psychiatry

(panunuo)

(€9'6T) €491
(0%'5) 09%

(90'0) &
(€90 vee
(1€°£6) ¥678

(8%'59) 1855
(¢sve) tvbe

(00'%) T¥E
(5€'9) T¥S
(08°£) 599
(re8) T1L
(S7°0T) 168
(zs'01) L68
(£5°0T) 106
(95°0T) 006
(L¥'0T) 268
(¥£'01) ST6
(0z'01) 698

(¥8'0) L
(56'0) 18
(€0'1) 88
(o et
(86°£6) TS€8

(ST€D) L6YL
(8£°5) €981

(50°0) 91
(¢6'0) 0v6
(€0°26) S8T TE

(8£'%£) 60T ¥C
(zzso) €18

(€T'v) S9€T
(0€'9) zE0T
(€8'2) 95t
(91°6) 7S6C
(ST°01T) TLTE
(£1°0T) 6LTE
(czo1) veTe
(ST°0T) TLTE
(55°0T) TOVE
(z9°01) veve
(z9°01) STve

(59°0) T1C
(52°0) Tve
(1£°0) 62C
(09°1) 916
(0%°86) 9TL 1€

(6T°LT) 0991
(61°€) 80€

(50'0) &
(€50 virT

(S5°61) 6218
(¢ov) €291

(01°0) ¥
(86°€) 5591

(¢v'£6) 0176 (T6'56) ¥£8 6€

(95'v£) ToTL (€1°69) LEL 8T
(r¥'S0) LS¥T (£8°0€) €€8CT

(€€°9) GT§ (09°2) 8S1€
(00°9) 085 (61°8) 90¥€
(se2) 012 (19°8) 185¢€
(£1°8) 68L (86°8) reLE
(60'6) 8£8 (€v'6) TT6E
(2¢0°01) 896 (09°6) 066€
(85°0T) zzOT (€9°6) €00¥
(£9°0T) T€0T (61°6) T78€
(7+°0T) 800T (8%°6) 6€6€
(£8°01) 050T (1£°6) 9€0¥
(Lv'TT) 80TT (85°6) 786€
(55°0) €5 (9%°0) 061
(¥9°0) 29 (0t°0) £91
(89°0) 99 (19°0) T5¢
(S¥'T) OvT (ET'T) TL¥

(55°86) 6156 (£8'86) 660 Tt

(€£€°8T) Tv0T
(€L€) 1t

(1109
(99°€) 80¢
(¥T°96) 0L¥S

(T5°v9) £99¢
(61°5€) L10T

(61°9) TS€
(¥1°2) 90%
(0€°2) sT¥
(ze8) €Ly
(¥5°6) TS
(€0°6) €19
(S£°6) 7SS
(rT°01) T8
(96°6) 999
(T0°1T) 929
(zs'11) 699

(€€0) 6T
(ze0) 81
(91°0) 9
(66°0) 99
(10°66) 8795

(6€79T) ST9
(06°2) 60T

(6T°0) TT
(€€°9) 00¢
(z€'v6) OVSE

(8£99) T€TC
(¢zew) teot

(66°£) 00€
(9'8) 01€
(€v°L) 6LT
(59°2) £8¢
(€1°8) S0O€
(98°2) S6€
(01°8) ¥0€
(¢v'8) 91€
(Lv'0T) €6€
(9T°1) 097
(€v°€T) ¥0S

(€6°0) 5€
(88°0) €€
(66°0) LE
(012 6L
(06°£6) ¥£9€

(59°9T) 919
(¥87) SOT

(91°0) 9
(¢Ty) 9sT
(29°96) 8€5€

(29°095) ££81
(8€°6¥%) LT8T

(8€°8) 0T€
(65°6) 5S€
(T¥°8) T1€
(€£°0T) L6€
(0€°6) ¥¥€
(9£°8) vze
(68'8) 6€
(56°6) 89€
(T+°0T) S8€
(8£°L) 88¢
(18°£) 68¢

(¥5°0) 0C
(9£°0) 8¢
(29°0) €T
(FS'T) LS
(9%'86) £v9¢

(0z°07) 7089
(€6'%) 7991

(50°0) 91
(5¥'0) st8
(05°26) 9v8 TE

(29v¥) 1€0 ST
(8€'95) 959 8T

(89'T) £95
(£9'70) 668
(zee) esen
(66'%) 0891
(r¥'9) 0LTC
(¥0'8) L0LT
(¥6'6) LyEE
(¥9°1T) 0T6E
(¥8'¥T) 200S
(88'9T) 9895
(LT°6T) LS¥9

(€5°0) 841
(65°0) 861
(59°0) 61¢
(9€°'T) LSY
(¥9°86) 0ET €€

(£L°T0) v9vY
(66°9) LL1T

(€00) 9
(LD 9vv
(0£°£6) 68T 6T

(6€°5%) S168
(19'%5) 92£ 0T

(££°0) TST
(¢r'1) 8L¢
(80°20) 80%
(91°€) 129
(TT'v) 808
(11°9) 00ZT
(¢L8) €1LT
(Lzer) 0Tve
(S0°LT) 8vEE
(¢1°00) TS6€
(6Tv0) TSLy

(sv'0) 88
(95°0) OTT
(€5°0) ¥0T
(8T°T) 1€C

(28'86) 0TV 6T

(9%'6T) LLL0OT
(ST'%) 0€vy

(80°0) 78
(TT°€) TEVE
(1£'96) 79T €01

(S¥'65) 847 €9
(55°0%) 66 €F

(05°5) €485
(L¥'9) £069
(80°2) €95¢
(92°2) 6828
(S¥'8) LT06
(56'8) 8556
(9%'6) TOT OT
(80°0T) 89 0T
(6€°TT) 09T TT
(¢o'z1) S88 TT
(8£°2T) 9¥9 €T

(8%°0) LTS
(55°0) 165
(€9°0) €49
(0€°1) 98€T
(0£°86) 16€ 50T

(8%'ST) €19 00T
(r€'0) €1 ST

(50°0) ¥S€
(z8'0) £5€ 81
(¢1°26) 67T T€9

(¥1'19) 6S€ TEE
(98'8%) £6G LT€

(£8'8) 6£9 LS
(86'8) ££€ 85
(81'6) 689 65
(57'6) 76009
(T%'6) T6T 19
(2€'6) 18509
(£1'6) 509 65
(¥0'6) 97£ 85
(90°6) 658 85
(£8'8) ¥€9 LS
(98'8) £59 LS

(1€°0) S00¢
(0v'0) ¥£5¢
(05°0) TLTE
(£6°0) ££29
(£0°66) €89 €79

¥2-0¢
0>
K ‘abe jeusaepy
£€<
C

T
S95N334 4O "ON
91enN
9lews
PEN
¥10¢C
€10¢
[410]4
T10¢
0T0C
600¢C
800¢
£00¢
900¢
500¢
¥00¢C
Jeaf ypiig
qS93elleno)
SON@3
Ng
NY
Kuy
ON

foueubaud a1043q
‘s19pJ0SIp builes jeusaiey

(989) 589 (50'9) 1561 (£€9) ST9 (859) L€LT (96°9) 6€€ (r£9) €5¢C (89°'%) €41 (se'6)6v1e  (S9°TT)88TT (80°£) 1952 (81°9) 969 €€ Buissiy
(€L'%) 0¥ (87°9) 9z0T (89°9) 6¥5 (52°9) 009¢ (889) 16€ (rG€) €€T (8€'%) 791 (S£'%) 0091 (60°5) 000T (ST°5) T0SS (£9°€) tv8 €T 31590 21995
(91°6) 182 (61°0T) 98¢ (tzo1)ze6  (2h'OT) TEEY (z111) 289 (6%°£) 18T (75°8) 91€ (89°8) 56C (£5°8) 7891 (¥T'6) 6986 (89°£) 606 6% Aisaqo
(€9°6T) €£91 (T£10) 6669 (9€°'T2) €907  (86'TT)6€T6  (Ev'Td) SzeT (69T ¥I8  (91°00) 9vL (Tvr'00) v£89  (6¥°00) STOV (€10 SL97T  (T£°00) ¥8S ¥ET BaMIDAQ
(01°59) 9697 (6£'TS) £699T (¥5°7S) SL0S (65°05) Te0TC (LT°6¥) 5647 (0T°LS) €¥TT (¥T'89)GSTT (G879) ¥08LT  (TS0S) TT66 (€€°€9)6¥695 (IT'6S) TT8¥8E 1ybram 1euLioN
(z5'v) S8€ (86°€) £8T1T (8£°€) 59€ (9T°Y) T€LT (€v'v) ST (rv'€) 671 (00'%) 81 (€T°TT) 8¥LE (89°¢) teL (s6°¢) TTTY (95°E) ¥IT €T ybramiapun
sA106318d |Ng
foueubaidaid jeusaiepy
q4nsodx3
€748 [44443 6596 0/G 1Y 7899 €G/¢€ 00/¢€ [89 €€ 7961 L1901 956 679 e’ON ‘€301
SI9pJosIp d1} SiapJosip asy S1apJosip qesip sJapJosip pooypiiyd SiapJosip s1apJosip 1apJosip 110yod jejo) a)qerien jeusalely
pue bujuonduny 32npuod 1ejuawdolanap 1en1d9))93u| dasls pue foueyul jo ARIxuy poop Jueiydfsd 1o
181205 pue gHQV Jiyads sadueqnisip 1eauawdojanapoinau
Buipaay Jay10 Ruy

(%) "ON ‘buidsy0

sisougeiq ouelydAsd Suridsyyo Aq ‘11040 By} ul SaW02INQ Yuig 9SISAPY pue ‘salelieAo) ‘sainsodx3 jo sepuanbal "9|qel

4/16

October 22,2024

[5 JAMA Network Open. 2024;7(10):e2440517. doi:10.1001/jamanetworkopen.2024.40517

ty of Turku user on 11/01/2024

versi

Downloaded from jamanetwork.com by Un



Maternal Eating Disorders, Body Mass Index, and Offspring Psychiatric Diagnoses

JAMA Network Open | Psychiatry

(panunuod)

g<u
G<u

(15°17) €€81
(6%°8£) 0699

(89'%) 66€
(ze'se) veis

(67°0) 61
(09'57) T8TC
(T1T°24) 9%19

(v6°T¥) 099€
(91°ST) T6TT
(€9'87) O¥¥T
(LTED) TETT

(R R:147
(86'16) 5608

(90°0) &
(16°GT) 95€T
(€0°¥8) T9TL

(€T°0) T
(15°€) 66¢
(5€°6) 9G¥

(19°21) S£0T
(0£'87) 9vvT
(0£°6%) 9€T¥

(0)0
(9£°£T) ¥1ST
(r£'97) 6LTT
(L¥'0€) L65T

(L00) 1T
(€6'66) TTT TE

(r£'6T) S9€9
(9°08) ££8 5T

(29°€) 8911
(8€796) ¥£0T€

(re'0) sS¢L
(S1°52) 6018
(18°£9) €98 1¢

(99°Th) ¥SLET
(88°91T) TvvS
(Y1°0€) LTL6
(€€°0T) bTEE

(87'¥) EVPT
(¢5°56) 664 0€

(v0°0) T1
(08°ST) £60S
(LT°¥8) LET LT

(60°0) 6T
(S5°€) ¥P1T
(91°G) €991

(LL€T) Thvy
(LT'0€) 0926
(91°£¥) SOT ST

(0)0
(90°ST) 9587
(S6'v0) 08
(96°0€) 7866

(60'0) 6
(16°66) 0596

(Y1°£T) 959T
(98'8) €008

(99°€) ¥S€
(¥€'96) SO€6

(LeD) 6TT
(S€°6T) 698T
(87'8£) 195L

(£8°0v) 8¥6€
(99°€T) 6T€T
(69°0€) 796
(8£'vT) 8TvT

(z0°2) 8£9
(86°6) 1868

(90°0) 9
(s9°21) Teen
(6T°£8) TEV8

(1IT°0) 11
(81°€) L0€
(€0'v) 68€

(¢8'11) Tt
(88'97) 965¢
(86°€9) Y175

(0)0
(ST°02) 9v6T
(1€°80) vELT
(LT°T€) TT0E

(50°0) 0T
(56'66) 0SS Tt

(99'ST) 1159
(r€'¥8) 650 €

(¢v'2) S00T
(85°£6) 595 OF

(59'0) zo11T
(80°€7) ¥656
(LTvL)vi8 o€

(v6'Th) 678 LT
(LT°LT) 9€TL
(65°67) TOE TT
(0€°01) £8T¥

(¢S°11) £8LY
(8%°88) €8/ 9¢

(60°0) L€
(€£721) €675
(81°£8) 0¥T 9€

(£0°0) 6C
(6€°5) 6£TT
(15°9) 9042

(66°ST) L¥99
(68°0€) €8 CT
(ST°T¥) 90T LT

(0)0

(Lz'6T) 0108
(¥S'LO) 6VY TT
(19'67) 60¢€ CT

g<u
g<u

(88'%1) 9v8
(¢1°98) 8¢€8Y

(91°0) €21
(¥8°£6) 19SS

(€1°€) 841
(Y€1) €TTT
(€5°92) €6TY

(86°T) 98€C
(8€°8T) S¥0T
(¥8'67) 969T

(08°6) £S5

(05°0T) £6S
(05°68) £80S

(¥1°0)8
(€8°21) 6TL
(€0°£8) L¥6Y

(£0°0) ¥
(¥8'9) 68¢
(tv'9) 59¢

(€8°ST) 006
(15°08) veLT
(ce o) tTe

(0)0
(9£°10) LgTT
(€T°L0) TvsT
(50°67) TS9T

(€1°0) &
(£8°66) 8¥LE

(6T°LT) 6¥9
(T£°28) vOTE

(rS°e) €€1
(91°96) 029€

6T vL
(25°81) 569
(15°62) ¥86¢

(T Le) L6ET
(09°2T) €£¥
(Lv€€) 95T
(T£°97) L29

(¢t'v) 991
(89°56) £85€

(0°0) ¢
(9T°T1) 6T
(8£°88) zeee

(IT0) ¥
(60°€)9TT
(€T'%) 6ST

(tT1n) €Ty
(68°€€) zLTT
(8t°L¥) T8LT

(0)0

(¢1°00) S5¢
(88°0€) 6STT
(1£°67) STTT

g<u
G<u

(S0°9T) ¥65
(56°€8) 90T€

(see) ver
(59°96) 9£5€

(ze0) 98
(8€°8T) 089
(0€°64) ¥€6C

(2¢6°0%) ¥1ST
(¥8°2T) LY
(8£°0€) 6€TT
(9v°ST) LS

(65°6) 5S¢
(I¥°06) S¥eE

(€00) T
(9L ey
(TT'L8) Leee

(500) ¢
(50°€) €11
(zTv) 9sT

(L6'TT) €v¥
(TT°1€) ISTT
(65°6%) SE8T

(0)0
(vT'61) 1L
(91°0€) 9TTT
(TT°T€) ISTT

(50°0) 8T
(56°66) 699 €€

(18°9T) 995
(61°€8) £208C

(9€7€) TeTT
(¥9'96) 555 T€

(Lv'o) €€8
(91°50) vL¥8
(L€7TL) 08€E VT

(08'6€) 907 €T
(96°ST) 8L€S
(61°0€) 04T 0T
(S0'vT) €€L¥

(Pv'¥) L6¥T
(95°56) 06T Z€

(10°0) &
(TT¥T) ¥SLY
(£8'58) 876 8

(1T°0) L€
(€Tv) 9TvT
(29°5) €681

(TEvT) 128y
(06°0€) 807 0T
(€8't¥) COT ST

(0)0
(ST°8T) 119
(80°£0) £T16
(¥9'67) 7866

(90°0) TT
(76°66) 0€9 6T

(¢z91) S81¢
(8£°€8) 957 9T

(10°€) 69
(66°96) 67061

(65°2) 609
(£5°LD) 9T¥S
(€8'69) 9TL €T

(LL°6€) TT8L
(0£°9T) 18T€
(6£°0€) L¥09
(¥£°2T) T0ST

(¢8°¢) 052
(81°96) 168 8T

(€00) 9
(56'71) 9€6¢
(20°98) 669 9T

(T1°0) T
(5L€)9¢€L
(#5°9) 680T
(TS°71) 6¥8¢C
(76'1€) €£29
(PT°t¥) 0498

(0)0
(09°9T) 19T€
(08'v0) /87
(88'67) 898

(68°0) 056
(11°66) LT8 SOT

(L0 L06T
(87°£6) 0/8 €0T

(55°9T) 809 9T
(S¥'¥8) 69T 06

(€50 10LT
(8%'77) 100 7T
(00°5£) 52008

(9°0%) oV €F
(29's1) ££99T
(95°0€) €9 €
(LT°€T) S90 VT

(VAARLYAA
(€££°76) ST066

(50°0) 95
(9szr) 129 €T
(61°£8) 00T €6

(60°0) 56
(LE¥) €L9¥
(6%°5) £58S

(S¥'+1) 6T ST
(L0'TE) 9LT €€
(€SvY) L¥S LY

(0)0
(60°8T) 8TE 6T
(88°£0) 0L 6T
(¢v'0€)T8y te

(£8°0) £€95
(€1°66) €TE 9

(06°6) 09€ 9
(0T°06) 965 585

(TE€'T) 6678
(69'86) LS¥ T¥9

(tr'0) £69 ST
(T1°ST) 681 86
(8%'78) 0£09¢€S

(96°L€) 60£ 9¥C

(osz) vLS T8
(ze'ze) 0L001C
(¢0'£T1) €09 0TT

(55°9) 065 tv
(St°€6) 99€ £09

(60°0) 645
(¥1°6) 68€ 65
(££°06) 886 685

(80°0) 96
(¢2%) 10L0€
(0T'9) w1 €€

(0£'%1) TES S6
(65°€€) ¥1E8TT
(18'1¥) 6ELTLT

v
(96'81) €€T €T
(09°'1€) ¢t S0
(19'1€) 187 50C

SIA

oN
19pI0sip Alojewiuepur
J1WI3sAs Jeusaiepy

SIA
ON

foueubaid 51043q ‘19plosip

J1eydAsd Jusnedino
18 Jualiedul Jeualepy

SIA
ON

foueubaid burinp ‘1spIosip

J13eydAsd Jusredino
18 Jualjedul Jeualepy

Buissin
panuiuo)
ON
Bupjows
paulapun 1o buissi|y
Jenjod anig
Je1]02 31IYM MO
1e100 d31ym 1addn
SN1e1S JIWOU0I30120S
puejuig joN
puejuly
y1diq Jo A13uno)
Buissin
paLuepy
paLewun
sn3els 1ejLep
Buissipy
¥2

0
Kued
buissip
GE=
7€-0€
6C-SC

SI9pJosIp d1}
pue bujuonduny
1eros

siapJosip
12npuod
pue gHaVY

asy

SIapJosip
1ejuawdolanap
2y123ds

saIH)Iqesip
Jen3da)ja3ul

S13pI0SIp
dag)s

pooypjiyd
pue fouejul Jo
sadueqanisip
buipaa} 12310

s1apJosip
fR1xuy

S19pI0SIp
poop

1apJosip

Jueiydfsd so
1ejuawdoldaAapoInau
Auy

110402 |e30|

(%) "ON ‘Bunidsp0

3]qeLleA [eusdle|y

(panunuod) sisouselq d13eiydAsd Suridsyo Aq ‘Hoy0D 33 Ul SSLLOINQ YHIg SSISAPY pUe ‘sdlereno) ‘sainsodxd Jo sapuanbaid -ajqe

5/16

October 22,2024

[5 JAMA Network Open. 2024;7(10):e2440517. doi:10.1001/jamanetworkopen.2024.40517

ty of Turku user on 11/01/2024

versi

Downloaded from jamanetwork.com by Un



Maternal Eating Disorders, Body Mass Index, and Offspring Psychiatric Diagnoses

JAMA Network Open | Psychiatry

“19y81Y 10 0°GE A1ISDQO BIBASS pUB '6HE 03 0'0E
"A)S9G0 ‘667 03 0'ST 'WSIPMIIN0 ‘64 03 'L ‘IYSIam [eLLIOU 'G°g| Uy} SS9| ‘JySlamIapun :sali08a1ed g ,

'S9LI02INO0 Y1Iq SSIDAPE pUE 'S91elIEA0D
‘s2.nsodx :sa110383e) ¢ Ul pajuasaldal ale pue sageiuadiad pue siaguunu ased se pajuasaidal ale sapuanbald o

"siapJosip d13elydAsd Sulidsyyo 104 Sa1108a1e J3souSelp a3 pUe 110L0D dUj} JO SISQLUNU 3SeD [B10] .
"paiynads aSIMIBL30 J0ou SIBpIosIp Sunes ‘'SONQ3 ‘eSOAIaU ejwng

‘Ng ‘(pa.enbs s1z3aw ul ySiay Aq papiAlp swesSo|| ul JySiom e paje|ndjed) xapul ssew Apoq ‘|Ng ‘S1oplosip
wnJ3dads Wsine ‘gsy ‘esoAlau elxaloue ‘NY ‘1aplosip AnAioesadAy/niap-uoiiuaiie ‘gHay :suoneinsiqqy

(20'9) €15
(09°06) TTLL
(8€7€) 88¢

(€6°£T) 8TST
(€£'64) S6£9
(s€0) 00t

(v€'0) 6T
(00°€6) 9T6L
(99'0) 95

(9%°0) 6€
(69°0) 62¢
(¢v'ze) LL8L
(Pv'v) 8L€

(07°0) ¥€
(18'%) 0T¥
(20°88) 70SL
(05°5) 69%
(LT'T) 801

(7¥'81) TLST
(95°18) 1569

(zs'9) 6LLT
(€8'06) 87 67
(99°€) 6411

(16°ST) 6215
(95°18) 56T 9¢
(r5'0) 818

(€€°0) 80T
(09°26) €58 6C
(£072) 18TC

(8€0) 12T
(¥9°0) 158
(91°26) €1£ 6T
(€8'%) LGST

(0€°0) 86
(78'%) T9ST
(55°£8) LTT 8T
(56°'S) 0T6T
(S€°1) 9¢€¥

(¥0'6T) 6€T9
(96°08) €01 9T

(00'9) 085
(1Z°06) €18
(6£°€) 99€

(10°9T) 9¥ST
(v6°08) 818L
(50°€) S6€

(5€°0) vE
(99°16) €588
(66°L) TLL

(Lv'0) ¥
(15°0) tve
(97°26) 1168
(LLY) 19Y

(0¥°0) 6€
(¢0°5) S8¥
(ze'£8) vEPS
(28'9) 795
(Pv'1) 6€T

(29'6T) S68T
(8€°08) ¥9LL

(58'5) 0£vC
(9€'88) €£€£ 9¢
(6£°5) L0VT

(T£°9T) 8%69
(¢5'64) 950 €€
(££°€) 99ST

(¢v0) €L1
(08°06) ¥¥L L€
(6£'8) £59¢

(€v°0) 84T
(¥0°€) ¥9TT
(8%°06) TT9 L€
(50'9) L15¢

(0g0) €CT
(0L'%) zs6T
(20°58) v¥e s¢
(LT L) €T0e
(1£°7) 8TItT

(85°07) 9558
(tr'6L) v10€E

(50°2) TO% (59°9) ¢1¢ (56°'S) 0TC (S1°8) LvLT  (90°0T) 9261 (52°9) 0299 (S€°1) 04T 8T buissip
(18'€8) ¥9/¥ (15°06) L6€E (LS'¥8) 67T (0'68) 6866C (89'£8) TTTLT (69°68) 59456  (90°€6) 048 709 433
(80°6) 916 (¥8°€) v¥1 (6%'6) 1G€ (¢80) 156 (Cladlz44 (L0'Y) Trep (65°7) 91891 e
wd _wu:w‘_mu:.c:u\__u peaH
(6€€1) 192 (PTLT)L¥9  (2€9T)¥09  (T9°LT)S€6S  (L€'8T) 809€ (6¥'91) €09 /T  (T€'ST) 9.V 66 buissipy
(50°08) 055 (97°08) ¢10€ (0£'8L) ¢16C (L¥'08) 80T LT (88'6L)689ST (¢8°08) 6798  (6£'8) 90T 8€§ 01-£
(95'9) €£€ (05°0) ¥6 (L6'%) ¥8T (16°'T) ¥+9 (SL°T) vre (0£°7) 088¢ (06'T) vLETT 9-0
ulw G 3103s Jebdy
(€9°0) 9¢ (L€0) ¥T (€v°0) 91 (87°0) 96 (61°0) 8¢ (ze0) vve (57°0) 09T buissipy
(££°98) 587 (61°26)09vE (I¥'88) TLTE (8L'€6)T6STE (LT'¥6)9TS8T (9t'26) 12£86  (TT'¥6) 9SLTT9 01-£
(09°€1) €42 (ev'Z)6LT  (9T'TT) €TF (¥6'S) 000 (€9°9) £80T ((4aAR4 A (€9°9) 965 9€ 9-0
ulw T 3103s Jebdy
(29°0) 5€ (£9°0) 5T (5€°0) €1 (¢v'0) Tl (6€°0) 9L (Tt°0) 6€¥ (ze0) 1L0T buissipy
(€0°€) TLT (96D 11T (TT°€) ST1 (56°7) 766 (SL0) 1HS (88'2) £L0E (TL ) ¥s9 LT ab.eq
(08'58) ££8% (59°C6) LLvE (S0°98) ¥8TE (89'C6) 07T 1€ (00°€6) 99T 8T (86'16) €1786 (1£'€6) 050609 ajenidolddy
(95°0T) 009 (€c¢e)ovt  (6¥°0T) 88€ (56°€) TEET (98°€) 85¢ (18'%) 8€TS (9T°€) 18T 1C news
9be jeuolyelsab
10} Em_wg yyig
(7¥°0) 5T (zeo) et (61°0) £ (s€°0) 61T (¥€°0) L9 (T€°0) 6TE (¥T°0) 6451 buissipy
(YTv) ¥ (91°%) 95T (€0°%) 61 (z8%) 5791 (06'7) 796 (08'v) €215 (T£°%) LT90€ 4
(r0'€8) 0TLy  (¥6'98) €97€ (0L'18) €20€ (S6'88) Y9667 (85°68) 565 LT (€T°£8) LET €6  (87'68) 89S 185 Tb-L€
(18'8) 10§ (rS2) €8T (97'6) 0SE (20°5) 7691 (¢5v) 888 (80'9) ¥6+9 (6L7)9TT 1€ 9¢-T€
(Lv°€) L61 (¥0'T) 6€ (T9v) 1L1 (58°0) £8¢ (99°0) 621 (65°T) 69T (8£°0) 9505 1€-T¢
W SELIE]]
1e abe euol3esan
qSAWO023N0 Y1I1q 3SI9APY
(80'T2)86TT  (£¥91)819 (I¥'61)8TZ (€6'18)T09/LT (TL'6T)€L8E (98°81) ££T0TZ  (61°9T) 80T SOT SIA
(¢6'82) 98vy (£5°€8) GETE€  (65°08) 786C  (90°8T) 9809 (87°08) 89/ ST (P1°'18) 0¥998  (I8°€8) 8L ¥HS ON

sajaqelp Jeutale|y

SI9pJosIp d1}
pue bujuonduny
181205

siapJosip
12npuod
pue gHaVY

asy

SI3pIoSIp
|ejuawdojanap
4123ds

saliqesip sJapJosip pooypiiyd SiapJosip s1apJosip 1apJosip 110oyod jejo) a)qerien jeusalely
1en1d9))a3u| das)s pue foueyul jo fR1xuy poop Jueiydfsd so
sadueqanisip 1ejuawdojaAapoanau
Buipaaj 1ay10 Ruy

(%) "ON ‘Bunidsp0

(panunuod) sisouselq d13eiydAsd Suridsyo Aq ‘Hoy0D 33 Ul SSLLOINQ YHIg SSISAPY pUe ‘sdlereno) ‘sainsodxd Jo sapuanbaid -ajqe

6/16

October 22,2024

& JAMA Network Open. 2024;7(10):e2440517. doi:10.1001/jamanetworkopen.2024.40517

ty of Turku user on 11/01/2024

versi

Downloaded from jamanetwork.com by Un



JAMA Network Open | Psychiatry Maternal Eating Disorders, Body Mass Index, and Offspring Psychiatric Diagnoses

Statistical Analysis

We used Cox proportional hazards modeling to obtain hazard ratios (HRs) with 95% Wald Cls of the
associations for maternal eating disorders and prepregnancy BMI with risks of offspring psychiatric
diagnoses by evaluating the exposure to their respective reference being mothers without an eating
disorder diagnosis or mothers with normal weight. The obtained crude estimates (nonadjusted
model) were subsequently adjusted for covariates in the 2 aforementioned models. The proportional
hazards assumptions were tested. To address the potential bias introduced by mothers having more
than 1child, we performed a sensitivity analysis including only the firstborn offspring of each mother.
To address the association with adverse birth outcomes, we performed a sensitivity analysis
stratifying for offspring with at least 1 of the following: gestational age at delivery less than 37 weeks,
small birth weight for gestational age (below 2 SDs of the mean adjusted for sex and gestational age),
minimum Apgar score of 6 or less at 1and 5 minutes, or head circumference 32 cm or less. We also
performed a sensitivity analysis excluding offspring older than 10 years with an eating disorder
diagnosis (ever). We used SAS, version 9.4 (SAS Institute Inc), for the statistical analysis. To control
for type 1errors, the corrected statistical significance threshold was set at a 2-sided P = .005
(Bonferroni correction for multiple testing based on 10 offspring outcome diagnoses).

Results

Study Population

The mean (SD) age of 392 098 included mothers was 30.15 (5.38) years, 42 590 (10.86%) mothers
were born outside of Finland, 6273 mothers (1.60%) had a history of eating disorders, 23 114 mothers
(5.89%) had prepregnancy underweight, and a total of 208 335 (53.13%) mothers had overweight
or obesity (134 584 [34.32%] had overweight, 49 909 [12.73%] had obesity, and 23 842 [6.08%] had
severe obesity). Among 649 956 included offspring, 317 597 (48.86%) were female and 332 359
(51.14%) were male. From birth until 7 to 17 years of age, 106 777 (16.43%) offspring were diagnosed
with a neurodevelopmental or psychiatric disorder. Of those offspring, 19 641 (3.02%) were
diagnosed with mood disorder, 33 687 (5.18%) with anxiety disorder, 3700 (0.57%) with other
feeding disturbances in infancy and childhood, 3753 (0.58%) with sleep disorders, 5684 (0.87%)
with intellectual disabilities, 41570 (6.40%) with specific developmental disorders, 9659 (1.49%)
with ASD, 32 242 (4.96%) with ADHD or conduct disorders, and 8523 (1.31%) with social functioning
and tic disorders. Frequencies of exposures and covariates are given in the Table. The rate of missing
data for each exposure and covariate in the total cohort was lower than 1%, except for maternal
prepregnancy BMI (range, 5.18%-11.65%), socioeconomic status (range, 37.96%-42.94%), 5-minute
Apgar score (range, 13.39%-18.37%), and head circumference (range, 4.35%-10.06%).

Maternal Eating Disorders and Offspring Psychiatric Diagnoses

We detected associations of maternal eating disorders, combined and separated into AN, BN, and
EDNOS, with all analyzed offspring psychiatric diagnoses except intellectual disabilities (eTable 3 in
Supplement 1; Figure 1). All associations remained after adjusting for covariates in model 2, except
maternal EDNOS with offspring other feeding disturbances in childhood and infancy. There was no
association of maternal AN with offspring ASD at the corrected level in the crude model, but there
was an association in the adjusted models. The largest effect sizes in the most adjusted model were
observed for sleep disorders (HR, 2.36 [95% Cl, 1.89-2.95] for maternal eating disorders; HR, 2.12
[95% Cl, 1.53-2.92] for AN; HR, 2.35[95% Cl, 1.67-3.32] for BN; and HR, 3.34 [95% Cl, 2.39-4.67] for
EDNOS) and social functioning and tic disorders (HR, 2.18 [95% Cl, 1.87-2.53] for eating disorders;
HR, 2.16 [95% Cl, 1.75-2.67] for AN; HR, 2.48 [95% Cl, 1.99-3.09] for BN; and HR, 2.79 [95% Cl, 2.21-
3.52] for EDNOS), with more than a doubled risk for offspring of mothers with eating disorders. The
results were verified using only the firstborn offspring of each mother. When stratified for adverse
birth outcomes, we found even higher effect sizes of most exposures on offspring diagnoses
(eTable 2 in Supplement 1). A markedly higher HR was observed for offspring feeding disturbances in
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infancy and childhood in offspring with both maternal eating disorders and adverse birth outcome
(HR, 4.53 [95% Cl, 2.97-6.89] for eating disorders; HR, 4.30 [95% Cl, 2.38-7.78] for AN; HR, 4.46
[95% Cl, 2.32-8.58] for BN; and HR, 4.25 [95% Cl, 2.03-8.94] for EDNOS), while maternal AN and
EDNOS without adverse birth outcomes were not associated with this group of other pediatric
feeding disorders (HR, 1.40 [95% Cl, 1.00-1.96] for eating disorders; HR, 0.93 [95% Cl, 0.53-1.64] for
AN; and HR, 1.58 [95% Cl, 0.92-2.73] for EDNOS). Similarly, the effect sizes of AN in offspring with
adverse birth outcomes on ADHD and conduct disorders were higher than that of either of these 2
exposures (HR, 2.27 [95% Cl, 1.74-2.96] for AN). The sensitivity analysis excluding offspring with
comorbid eating disorders showed that most associations remained, with no considerable change in
effect size (eTable 3 in Supplement 1). The association between maternal BN and offspring sleep
disorders, however, did not remain (HR, 2.35 [95% Cl, 1.67-3.32] for BN in the full cohort; HR, 1.84
[95% Cl, 1.13-3.01] for BN excluding offspring with eating disorders).

Maternal Prepregnancy BMI and Offspring Psychiatric Diagnoses

We detected associations between maternal prepregnancy underweight for all analyzed offspring
psychiatric diagnoses except for other feeding disturbances of infancy and childhood and for sleep
disorders (eTable 4 in Supplement 1; Figure 2). After adjusting for covariates, the associations
remained, but had small effect sizes for anxiety (HR, 1.10 [95% Cl, 1.04-1.16]), intellectual disabilities
(HR, 1.33[95% Cl, 1.16-1.51]), specific developmental disorders (HR, 1.18 [95% Cl, 1.12-1.241]), and social
functioning and tic disorders (HR, 1.18 [95% Cl, 1.06-1.31]). For maternal prepregnancy overweight
and obesity, we detected associations in adjusted model 2 for most offspring psychiatric diagnoses
except for other feeding disturbances in infancy and childhood and for sleep disorders, with higher
effect sizes with increasing BMI (ie, overweight < obesity < severe obesity). The largest effect sizes
were observed for intellectual disabilities (HR, 1.25 [95% Cl, 1.17-1.33] for overweight; HR, 1.61[95%
Cl, 1.48-1.77] for obesity; and HR, 2.04 [95% ClI, 1.83-2.28] for severe obesity). The results were
verified using only the firstborn offspring of each mother. Offspring exposed to both higher BMI and
adverse birth outcome had higher risk for specific developmental disorders and ADHD and conduct
disorder than offspring exposed to only 1of these exposures (eTable 5 in Supplement 1). With
adverse birth outcomes, we noted associations between maternal underweight, normal weight, or
overweight or obesity and offspring other feeding disturbances in infancy and childhood, as well as
sleep disorders, not observed without such complications (eTable 5 in Supplement 1).

Discussion

In this cohort study, we found associations of maternal eating disorders, AN, BN, and EDNOS, as well
as prepregnancy BMI outside normal weight, with several neurodevelopmental and psychiatric
diagnoses in offspring, even after adjusting for covariates. We found significantly increased risks of
all studied offspring neurodevelopmental and psychiatric diagnoses, except intellectual disabilities,
associated with the various maternal eating disorders. However, we could not detect any association
of maternal AN with offspring other feeding disturbances in childhood and infancy, nor maternal BN
with offspring specific developmental disorders. The largest effect sizes were observed for offspring
sleep disorders and social functioning and tic disorders, with a more than doubled risk by each
maternal eating disorder, with maternal EDNOS showing the highest effect size. This study is, to our
knowledge, the first time these associations have been reported. Maternal eating disorders, both
active and previous, have been associated with offspring cord blood DNA methylation, in particular
in loci relevant to metabolism,** and this association may be part of the mechanism behind the
associations observed here. Other potential mechanisms could be related to nutritional deficiencies
as a result of restricted eating and specific dietary regimens common with eating disorders.”

Since maternal history of AN worsens the risk of adverse birth outcomes in offspring,'®4+4> we
stratified the analyses for prematurity, low Apgar score, and abnormal size at birth. We detected a
markedly higher risk for other feeding disturbances of infancy and childhood and of ADHD and
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conduct disorders among offspring of mothers with a history of eating disorders in the group who
reported such events at birth compared with no such events. Some adverse birth outcomes have
been reported to be associated with feeding and eating disturbances in children aged O to 3 years.*®
Brosig et al*” stated that birth-related complications may be associated with avoidant restrictive food
intake disorder, introduced in the Diagnostic and Statistical Manual of Mental Disorders (Fifth
Edition). That study highlighted the importance of studying perinatal risk factors of this specific and
related eating disorders, which is supported by our findings. One speculation is that adverse birth
outcomes, such as prematurity, delay the onset of independent oral feeding, which could influence
coordination of oral sensorimotor systems and the tuning of neuronal circuitries regulating food
intake. We also find it interesting that the effect sizes of maternal AN in offspring with adverse birth
outcomes on offspring ADHD and conduct disorders were higher than that of either of these 2
exposures alone, requiring further investigation.

Multimorbidity of psychiatric disorders is common,*® not the least of which is comorbidity of
eating disorders with other psychiatric disorders.* In addition, additive genetic factors account for
approximately 40% to 60% of the liability associated with eating disorders,>® and a high degree of
genetic correlation between psychiatric disorders is documented.®' Aiming to control for the genetics
of eating disorders, we performed an analysis stratifying the offspring cohort by the presence or
absence of a comorbid eating disorder diagnosis, with maternal eating disorders as the exposure. No
marked changes were detected in risks between the 2 groups except for reduced risk of offspring
sleep disorders with maternal BN. Thus, the majority of associations observed here may be
speculated to not be the result of shared genetics.

With maternal underweight, we found associations with anxiety disorder, intellectual
disabilities, specific developmental disorders, and social functioning and tic disorders, after adjusting
for covariates. With maternal overweight or obesity, associations were detected with all included
diagnoses except for sleep disorders and for other feeding disturbances of childhood and infancy.
The effect sizes were smaller in general for maternal BMI compared with those for eating disorders.
As outlined in the Introduction, both maternal underweight or starvation?®=' and overweight or
obesity have previously been associated with offspring psychiatric disorders,2°-2* and our study adds
to this line of report. As already mentioned, maternal underweight can be accompanied with
deficiencies in micronutrients and macronutrients of importance for the developing brain, but
overweight is also associated with micronutrient deficiencies in particular.>? In addition, obesity is
associated with low grade inflammation, hyperglycemia, insulin resistance, and high circulating
leptin, all of which can influence neuronal development.3#53>7 Qverweight and obesity are
associated with birth complications and deviations.>® In general, when stratifying for adverse birth
outcomes, the effect size increases, in particular for underweight as well as for overweight or obesity,
for specific developmental disorders were higher than that of either of these exposures alone. A
similar result was also observed for overweight or obesity with adverse birth outcomes and ADHD
and conduct disorder. In addition, we observed associations for all maternal BMI categories with
other feeding disturbances in childhood and infancy in the group that experienced complications,
strengthening the argument that adverse birth outcomes may be associated with these pediatric
conditions.

We find it interesting that the results for maternal underweight and AN were not the same. For
example, while maternal AN was associated with offspring sleep disorders, maternal underweight
was not. On the contrary, maternal underweight was associated with offspring intellectual
disabilities, while maternal AN was not. We controlled for maternal BMI in the adjusted models
exploring the association between maternal eating disorder and offspring mental disorders. This
finding suggests that the association between maternal AN and the mentioned offspring diagnoses
is not mediated by underweight in general but rather the specific underweight in AN or some other
accompanying trait, for example, a dietary regimen, extreme physical activity, or endocrine
abnormalities.>® Further studies exploring the mechanisms behind this association will be valuable.
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Strengths and Limitations

A major strength of this study is the large cohort size resulting from the use of population-based
Finnish registers. The Finnish health care system is based on a public system striving to provide equal
access for all to health care. The results presented here should thus represent the Finnish population
at large, even if skewness in health care consumption cannot be excluded.

A limitation is the relatively short follow-up time (7-17 years of age) in relation to some of the
late-onset psychiatric diagnoses. This limitation restricted us from including schizophrenia spectrum
disorders and personality disorders (eTable 6 in Supplement 1for estimated proportion of identified
cases). Even though we included many variables of good quality,®©®' paternal data and genetic
information were not available. A potential bias specific for the association between maternal history
of eating disorders with other feeding disturbances in childhood and infancy is that mothers with
eating disorders may be more perceptive to their child's eating behavior, resulting in higher access to
care and diagnosis for these children. However, such an association was not observed with maternal
AN, which speaks against this speculation.

Conclusions

The findings of this cohort study suggest that offspring born to mothers with eating disorders before
or during pregnancy, or who had prepregnancy underweight, overweight, or obesity, may be at
higher risk of neurodevelopmental and psychiatric disorders, indicating a need to consider these
exposures clinically to help prevent offspring mental iliness. The offspring diagnoses associated with
each of the exposures differed somewhat, with effect sizes typically larger for maternal eating
disorders than for maternal BMI outside normal weight. These associations were also present among
offspring who did not experience adverse birth outcomes, but when the exposures were combined
with adverse birth outcomes, a higher risk of a psychiatric disorder diagnosis was typically observed.
This was particularly pronounced for other feeding disorders in infancy and childhood, specific
developmental disorders, and ADHD and conduct disorder, highlighting the need to explore the
association between these diagnoses and adverse birth outcomes. Furthering the knowledge about
these associations and underlying biological mechanisms can provide information of value for the
development of relevant management and treatment.
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SUPPLEMENT 1.

eTable 1. Hazard ratios (HR) for offspring psychiatric and mild neurodevelopmental diagnoses in relation to
maternal eating disorders (n = 649956) followed until 2021

eTable 2. Hazard ratios (HR) for offspring psychiatric and mild neurodevelopmental diagnoses in relation to
maternal eating disorders stratified for adverse birth outcomes, n =564173,n
outcomes = 85783, followed until 2021

eTable 3. Hazard ratios (HR) for offspring psychiatric and mild neurodevelopmental diagnosis in relation to
maternal eating disorders excluding offspring with comorbid eating disorders, Ng, coport = N = 649956, Ny,
offspring eating disorders = 470983, followed until 2021

eTable 4. Hazard ratios (HR) for offspring psychiatric and mild neurodevelopmental diagnosis in relation to
maternal prepregnancy body mass index (n = 649956) followed until 2021

eTable 5. Hazard ratios (HR) for offspring psychiatric and mild neurodevelopmental diagnosis in relation to
maternal prepregnancy BMI stratified for adverse birth outcomes, N, Javerse birth outcomes = 364173, Ny adverse birth
outcomes = 85783, followed until 2021

eTable 6. List of neurodevelopmental and psychiatric diagnoses along with ICD-10 codes, and the corresponding
proportions that were identified (until 2021) out of the estimated number of cases that would have received a
diagnosis before 17 years of age (requiring the youngest cases to be followed up until 2031
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