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Summary

Background Identifying risk factors for early child physical abuse (CPA) is crucial for understanding its mechanisms
and defining effective preventive interventions. We aimed to identify maternal, prenatal and postnatal factors
associated with early CPA.

Methods This cohort study was based on comprehensive data from the Mother-Child EPI-MERES nationwide register
and included all infants born alive in France between 2010 and 2019. Factors associated with early CPA (before age 1)
were identified with a multilevel Cox regression model with random intercepts at the regional level.

Findings Among the 6,897,384 included infants, 2994 (40/100,000) had a diagnosis of early CPA, at a median age of
4 months. Independent factors most strongly associated with early CPA were maternal low financial resources
(adjusted hazard ratio [aHR] 1.91; 95% confidence interval [95% CI] 1.67-2.18), maternal age <20 years versus 35-40
years (aHR 7.06; 95% CI 6.00-8.31), maternal alcohol use disorder (aHR 1.85; 95% CI 1.48-2.31), opioid use disorder
(aHR 1.90; 95% CI 1.41-2.56), intimate partner violence (aHR 3.33; 95% CI 2.76-4.01), diagnosis of a chronic mental
disorder (aHR 1.50; 95% CI 1.14-1.97) or somatic disorder (aHR 1.55; 95% CI 1.32-1.83), hospitalisation for a mental
disorder (aHR 1.88; 95% CI 1.49-2.36), very preterm birth (aHR 2.15; 95% CI 1.68-2.75), and diagnosis of a chronic
severe neurocognitive disorder in the infant (aHR 14.37; 95% CI 11.85-17.44).

Interpretation Independent risk factors of early CPA identified at the national level in France may help in under-
standing CPA mechanisms and developing effective prevention programs including risk-stratification tools to
optimise the allocation of parenting interventions to parents who could most benefit from them.
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burning, poisoning, and suffocating.! Early CPA is
associated with significant morbidity and mortality. The
peak incidence of early CPA occurs at 1-7 months of
age,”’ and the estimated incidence of severe physical

Introduction

Child physical abuse (CPA) is defined as the intentional
use of physical force against a child, including hitting,
beating, kicking, shaking, biting, strangling, scalding,
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Research in context

Evidence before this study

Identifying risk factors for early child physical abuse is crucial
for understanding its mechanisms and defining effective
preventive interventions. We searched MEDLINE via PubMed
for articles published from inception to January 11, 2024,
using the terms “physical abuse” or “maltreatment” and
“infant” and “risk factor” and “maternal” or “perinatal” or
“prenatal” or “neonatal” or “postnatal” with no language
restriction. Only two large population-based studies examined
early child physical abuse, overcoming many of the limitations
found in other studies. However, these studies focused
primarily on maternal or postnatal factors.

Added value of this study

This nationwide cohort study, based on data from the EPI-
MERES register in France, used a validated algorithm to
identify a substantial cohort of physically abused infants. It
allowed for examining numerous risk factors, including rare

abuse during the first year of life in high-income
countries varies from 16 to 62 per 100,000 infants
depending on the type of injury studied and the design
and setting of the study.>'® The main lesions of early
CPA (i.e., before age 1) are skin injuries, skeletal in-
juries, and intracranial injuries.'” Among survivors,
early CPA is responsible for long-term consequences
that include neuro-developmental impairment,'? mental
disorders," and somatic diseases." In this context, early
CPA is a target of various primary preventive in-
terventions based on universal campaigns promoting
parental education on the harmful effects of violence on
children or home visits for atrisk populations.'
Studies evaluating the impact of these interventions
have shown moderate to no efficacy.””'* The identifi-
cation of early CPA risk factors may help in under-
standing its mechanisms and defining effective
preventive interventions.

Identified risk factors for early CPA can be classified
into three main categories.** First, although early CPA
can occur in any social environment, several risk factors
are related to economic and socio-geographical in-
equities: low maternal education level*'”*; social depri-
vation’'; means-tested benefits**'; social housing’; and
parental unemployment.?'* Second, risk factors are also
related to parental vulnerability: young maternal
age*'**'?%; single parenthood”"**; parental history of early
CPA and foster care during childhood*; intimate partner
violence”; large number of siblings’'; maternal mental
disorder'*?*; alcohol and drug abuse’*’; unintended
pregnancy”; short birth interval””; multiple pregnan-
cies”; maternal smoking during pregnancy’; limited
prenatal care”; and abuse among siblings.***" Third,
some factors are related to parent-infant bonding and
infant characteristics: obstetric complications at birth?;

ones, associated with early child physical abuse and
confirming the findings of other studies in the area. In
addition, it enabled the simultaneous study of a wide range of
socio-economic and medical maternal, prenatal and postnatal
factors.

Implications of all the available evidence

The identification of numerous risk factors for early child
physical abuse at the population level will allow for a risk
assessment that includes a broader range of independent
factors than those used in current interventions. The
development of risk-stratification tools based on these
identified factors could help health professionals in maternity
wards decide whether to allocate parenting interventions to
parents who could most benefit from them. The association
between early CPA and maternal mental disorders was also
confirmed. However, further research is needed to explore the
potential role of psychotropic drugs on postnatal behaviour.

low birth weight”; prematurity®*?; male sex*; and
chronic disease or disability.*** However, our knowledge
of the risk factors of early CPA is limited because it is
based on old,?>**?-32 retrospective,”*"***3 single-centre
hospital-based studies’***”** or studies based on small
samples,”” also including older children aged <4
years*? to <18 years or evaluating a specific risk
factor****>2** or specific population (e.g., children with a
chronic disease or disability,**** siblings***') or a specific
type of abuse (e.g., abusive head trauma***?’) or using
only univariate analyses.””””* To our knowledge, only
two large population-based studies investigated early
CPA risk factors, one focusing on maternal factors and
the other on postnatal factors.®"”

We aimed to identify independent maternal, prenatal
and postnatal factors associated with early CPA by using
a population-based cohort study based on a nationwide
register in France.

Methods

Data sources

This nationwide cohort study was based on compre-
hensive data from the Mother-Child EPI-MERES
register,” ¥ which includes all pregnancies ending in
2010 onward identified in the French National Health
Data System (Systéme national de données de santé
[SNDS]).*® For 94% of pregnancies that result in a de-
livery, the mother’s information is linked to their
offspring.

The SNDS covers 98.8% of the French population.
Since 2006, the SNDS has included socio-demographic
and medical information on all outpatient services
reimbursed by the national health insurance, including
reimbursement claims for dispensed drugs and health
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expenditures for “long-term disease” (LTD). LTD is an
administrative status that enables 100% reimbursement
for severe or costly chronic diseases. It is requested
mostly by primary care practitioners and is validated by
the physician of the beneficiary’s health insurance
scheme. The diagnosis justifying LTD status is recorded
in the SNDS in 30 main categories according to the
International Classification of Diseases, 10th revision
[ICD-10].** The SNDS also contains inpatient infor-
mation, including hospital discharge diagnoses accord-
ing to the ICD-10.

Each adult is identified by a unique and anonymous
number. Patients and public were not involved in this
research. Given that data are anonymous, no informed
consent to participate or publish was required. The EPI-
PHARE Scientific Interest Group in Epidemiology of
Health Products has permanent regulatory access to the
SNDS database via its constitutive bodies, the French
National Agency for the Safety of Medicines and Health
Products and the French National Health Insurance
(French Decree no. 2016-1871, December 26, 2016),
thus the present work did not require approval from the
French Data Protection Authority (CNIL). The study was
registered at EPI-PHARE (no. T-2023-02-402). We
followed the REporting of studies Conducted using
Observational Routinely-collected health Data (RECORD)
adequate guidelines to report this study (Appendix 1).*!

Cohort constitution and inclusion criteria

The cohort for this study included all infants in the
EPI-MERES register who were born alive between January
1, 2010, and December 31, 2019. We excluded same-sex
twins or higher-order multiples (who are indistinguish-
able in the EPI-MERES register because of insufficient
quality for analysis), infants who died during hospital-
isation at birth (because they are at very low risk of early
CPA), and infants without any reimbursement of care
found in the first year of life (considered as living abroad).

Outcome

Early CPA was defined using a previously validated al-
gorithm that identified ICD-10 discharge codes for
physical abuse or maltreatment (T74.1, T74.9, W50,
Y07), assault (Y08, Y09, X91-95, X97-99, Y00-04, Y87.1,
765.4), or injuries (Z204.5, T71) recorded during the first
year of life for any inpatient stay.” The index date for the
diagnosis of early CPA was the first hospitalisation with
one or more of these codes.

Maternal, prenatal and postnatal factors

Among the numerous variables directly available in the
EPI-MERES register or that can be constructed from the
SNDS, the factors studied were selected from the liter-
ature and our previous knowledge, and all were included
in the three categories identified.**'?*****? First, they
were related to economic and socio-geographical in-
equities: mother’s administrative region of residence;
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social deprivation index indicating the socio-economic
level of the mother’s municipality of residence”; and
level of financial resources defined by the Comple-
mentary Universal Health Insurance (CMU-C) status
(free access to health care for people with low income) at
the start of pregnancy and allowances received by sala-
ried employees during maternity leave. Second, they
were related to maternal vulnerability: young maternal
age at the beginning of pregnancy; hospitalisation for
intimate partner violence from the year before preg-
nancy to the first postnatal year based on ICD-10 codes;
indicators of chronic tobacco consumption and alcohol
or opioid use disorder* in the 5 years before childbirth;
grand multiparity (>4 live births); short birth interval
(<18 months)*; multiple pregnancy (twins or higher-
order multiples); hospitalisations during pregnancy in
medical, surgical, or obstetric wards (excluding obstetric
hospitalisation in the week preceding childbirth); diag-
nosis of a chronic mental disorder (based on the LTD
status claim initiated or ongoing) from the year before
pregnancy to the first postnatal year; hospitalisation for a
mental disorder from the year before pregnancy to the
first postnatal year (before censoring by stopping follow-
up at the time of early CPA diagnosis); and diagnosis of
a chronic somatic disorder (based on the LTD status
claim initiated or ongoing) from the year before preg-
nancy to the first postnatal year. Third, we also assessed
variables related to parent-infant bonding and infant
characteristics: assisted reproduction; mode of delivery;
term birth; birth weight standardised on sex and gesta-
tional age*; neonatal hospitalisation at birth; infant sex;
and diagnosis of a severe chronic neurocognitive or non-
neurocognitive disorder in the infant (based on LTD
status claim) during the first year of life (before
censoring by stopping follow-up at the time of early CPA
diagnosis) (Appendix 2).

Statistical analyses

The unit of analysis was the infant: all infants of a woman
during the study period were included in the analysis,
and women who had several infants were included as
many times as they had infants. Characteristics of the
infants were described. For each factor studied, we
calculated crude and adjusted hazard ratios (aHRs) and
their 95% confidence intervals (95% Cls) using a Cox
regression model. All models accounted for censoring by
stopping follow-up at the time of early CPA diagnosis, at
the time of death for infants who died before age 1, or at
the end of follow-up at age 1. In the multivariable
analysis, we used a multilevel Cox regression model
appropriate for hierarchical data structures. More spe-
cifically, we used a frailty model in which we included
random effects for the different regions to adjust for
geographic clustering.* It included all 21 of the above-
mentioned variables. Infants (level 1) were nested
within the mother’s administrative region of residence
(level 2) by using a random intercept for each region. We
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graphically assessed the proportional hazards assumption
for each covariable included in the model based on scaled
Schoenfeld residuals and confirmed its validity for each
covariable.”” We conducted two sensitivity analyses. We
kept maternal age, term of birth, and birth weight as
continuous variables with restricted cubic spline trans-
formations if the model assumption of linearity was
violated. We fitted four models according to the time of
exposure (year before pregnancy, during pregnancy, at
birth, and first postnatal year). The data were analysed
using SAS 9.4 (SAS Institute, Cary NC, USA).

Ethics committee approval

The EPI-PHARE scientific group has regulatory
permanent access to the SNDS database (French Decree
no. 2016-1871, December 26, 2016).

Role of the funding source

FB, EL and MC received external funding for this study
(Ile-de-France regional council; L'Oréal-UNESCO For
Women in Science France Young Talent Award; French
National Observatory for Child Protection [ONPE];
French Association of Ambulatory Paediatrics [AFPA];
HUGO university hospitals network; Mustela Foundation
and Sauver la Vie prizes). The authors had no financial
relationships with any organisations that might have an
interest in the submitted work in the previous 3 years and
no other relationships or activities that could appear to
have influenced the submitted work. The funders had no
role in the design and conduct of the study; the analysis
and interpretation of the data; preparation; the review, or
approval of the manuscript.

Results

Participants

We identified 7,157,638 infants in the EPI-MERES reg-
ister who were born alive between January 1, 2010, and
December 31, 2019. The study population included
6,897,384 infants (96.4% of the infants identified), of
whom 2994 (40/100,000) had a diagnosis of early CPA
(Fig. 1). The ICD-10 codes used (n = 3456 occurrences)
indicated physical abuse or maltreatment (n = 3124;
90.4%), injuries (n = 249; 7.2%), or assault (n = 83; 2.4%)
(Appendix 3). The median age at the diagnosis of early
CPA was 4 months (interquartile range 2-6) (Fig. 2).
Among the other infants included, 2721 (0.04%) died
before age 1, with a median age of 3 months (interquartile
range 1-6), and the 6,891,669 infants without a diagnosis
of CPA and who did not die were censored at age 1.

Factors associated with early CPA

Economic and socio-geographical inequities

The incidence of early CPA varied according to the
mother’s administrative region of residence, ranging
from <10/100,000 (French overseas territories) to 70/
100,000 infants (Centre-Val de Loire) (Table 1). We

found no independent association between social
deprivation index and early CPA. Early CPA was asso-
ciated with mothers who had low versus high financial
resources (aHR 1.91; 95% CI 1.67-2.18).

Maternal vulnerability factors

Early CPA was associated with age 12-20 and 20-25
years versus 35—40 years (aHR 7.06; 95% CI 6.00-8.31
and 3.17; 95% CI 2.74-3.68, respectively) (Table 1 and
Appendix 4), hospitalisation for intimate partner
violence between the year before pregnancy and the first
postnatal year (aHR 3.33; 95% CI 2.76-4.01), and
chronic tobacco consumption (@aHR 1.28; 95% CI
1.15-1.42), alcohol use disorder (aHR 1.85; 95%
CI 1.48-2.31), and opioid use disorder (aHR 1.90; 95%
CI 1.41-2.56). Early CPA was not associated with grand
multiparity (aHR 1.11; 95% CI 0.91-1.35). Early CPA
was associated with a short birth interval (aHR 1.48;
95% CI 1.27-1.72), multiple pregnancy (aHR 1.39; 95%
CI 1.07-1.81), and >1 hospitalisation during pregnancy
(aHR 1.34; 95% CI 1.23-1.45). Early CPA was also
associated with diagnosis of a chronic mental disorder
or hospitalisation for a mental disorder between the year
before pregnancy and the first postnatal year (aHR 1.50;
95% CI 1.14-1.97, and 1.88; 95% CI 1.49-2.36, respec-
tively) and diagnosis of a chronic somatic disorder be-
tween the year before pregnancy and the first postnatal
year (aHR 1.55; 95% CI 1.32-1.83).

Parent-infant bonding and infant characteristics

Early CPA was reduced in cases of assisted reproduction
(@HR 0.64; 95% CI 0.47-0.87) (Table 1) but was
increased for infants with emergency caesarean section
versus a vaginal birth (aHR 1.19; 95% CI 1.08-1.31),
with very preterm birth versus full-term birth (aHR 2.15;
95% CI 1.68-2.75), with very small for gestational age
versus appropriate birth weight (aHR 1.34; 95% CI
1.17-1.54), and with neonatal intensive care unit hos-
pitalisation versus remaining with the mother within 5
days of birth (aHR 1.38; 95% CI 1.18-1.62). Early CPA
was associated with male sex (aHR, 1.41; 95% CI
1.31-1.51) and diagnosis of a severe chronic non-
neurocognitive or neurocognitive disorder during the
first year of life (1.43; 95% CI 1.01-2.02, and aHR 14.37;
95% CI 11.85-17.44, respectively).

Sensitivity analyses

Keeping in the model the variables maternal age, term
of birth, and birth weight as continuous variables yiel-
ded similar results (Appendix 5). Associations varied
according to the time of exposure. Early CPA was no
longer associated with intimate partner violence in the
year before pregnancy, assisted reproduction, short
birth interval, hospitalisation for a mental health disor-
der in the first postnatal year, and diagnosis of a chronic
somatic disorder (in the year before pregnancy, during
pregnancy, and in the first postnatal year) (Appendix 6).
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Infants born alive

between January 1, 2010 and December 31, 2019
n=7,157,638
Same-sex twins or higher-order multiples
n=175,260 (2.4%)
v
| n=6,982,378 |
Infants who died during the
hospitalisation at birth
n=33,160 (0.5%)
| n=6,949,218 |
Infants without any reimbursement of care
found in the first year of life
n=51,834 (0.7%)
v
Infants included in the analysis
n=6,897,384 (96.4%)
Infants without diagnosis of Infants with diagnosis of
early CPA early CPA
n=6,894,390 n=2994
(99,960/100,000) (40/100,000)

Fig. 1: Study flow chart. CPA: child physical abuse.

Discussion
In this study, we investigated the epidemiology of early
CPA within a national birth cohort using a validated
mother-child register. The incidence of early CPA in our
study (40/100,000 infants) was close to that reported in
several studies in the literature: from 16 to 62/100,000
infants <1 year old in high-income countries, depending
on the type of injury studied and the design and setting
of the study.**"

Among the independent factors linked to economic
and socio-geographical inequities associated with early

200 300 400 500
| | | |

Number of infants

100
|

Age (months)

CPA in our study, significant regional variations were
observed within France. These variations could be
explained by real variations in the incidence of early
CPA linked to regional variations in housing type, socio-
economic level, and childcare practices. They could also
be explained by variations in the performance of
detecting early CPA or reluctance to code CPA by
childcare and healthcare professionals, notably linked to
unequal training, lack of specialized child protection
teams in some regions during the study period, or var-
iable workloads in emergency departments. The asso-
ciation between low financial resources and early CPA
could be explained by parental stress and pressure
associated with financial distress.” Poor living condi-
tions or reduced access to childcare can also lead to
parental stress and fatigue.*

The associations confirmed at the national level be-
tween maternal vulnerability and early CPA may indi-
cate links between atrisk populations and family
environments and CPA. Some mechanisms have been
suggested in the literature that could partly explain these
associations. A mother’s young age may be associated
with low socio-economic status, immaturity, impul-
sivity, or reflect isolation.”® Hospitalisation for intimate
partner violence is frequently associated with early CPA,
often perpetrated by the intimate partner violence
offender or, more rarely, the victim.*>* Sensitivity
analyses confirmed this association during pregnancy
and the first postnatal year. Chronic tobacco consump-
tion, alcohol, and opioid use disorders during pregnancy

Fig. 2: Age at first hospitalisation of infants with a diagnosis of can indicate psychosocial problems such as low adaptive

early child physical abuse in France between January 1, 2010, and
December 31, 2019 (n = 2994).
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functioning and health-risk behaviours.?** Alcohol and
opioid use disorders have been found to be associated
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Infants without a Infants with a Crude HR (95% Cl)  p* Adjusted HR (95% ay’ p
diagnosis of early CPA  diagnosis of early CPA
N = 6,894,390 N = 2994
n % n %
Economic and socio-geographical inequities
Administrative region <0.001
Centre-Val de Loire 252,855 37 186 6.2 REF -
Hauts-de-France 658,569 9.6 417 13.9 0.86 [0.72-1.02] -
Grand Est 521,250 7.6 294 9.8 0.77 [0.64-0.92] -
La Réunion 124,964 1.8 65 22 0.71 [0.53-0.94] -
Nouvelle-Aquitaine 518,667 7.5 262 8.8 0.69 [0.57-0.83] -
Pays de la Loire 384,055 5.6 195 6.5 0.69 [0.57-0.84] -
Occitanie 546,146 7.9 259 87 0.65 [0.53-0.78] -
Bourgogne-Franche-Comté 255,461 37 118 3.9 0.63 [0.50-0.79] -
Normandie 328,009 4.8 143 4.8 0.59 [0.48-0.74] -
Guadeloupe 36,851 0.5 15 05 0.55 [0.33-0.94] -
Martinique 37,249 0.5 15 0.5 0.55 [0.32-0.93] -
Auvergne-Rhéne-Alpes 823,827 12.0 283 9.5 0.47 [0.39-0.56] -
Provence-Alpes-Cote d’Azur 509,917 7.4 174 5.8 0.46 [0.38-0.57] -
Bretagne 311,472 4.5 97 3.2 0.42 [0.33-0.54] -
lle-de-France 1,493,499 217 454 15.2 0.41 [0.35-0.49] -
Corse 24,297 0.4 <10 <0.10 0.34 [0.15-0.76] -
Guyane 34,485 05 <10 <010  0.32 [0.16-0.64] -
French overseas collectivities 13,222 0.2 <10 <0.10  0.21 [0.05-0.83] -
Missing 19,595 03 <10 <0.10 0.07 [0.01-0.50]
Deprivation index quintile <0.001 0.33
1 (less deprived) 1,303,111 18.9 408 13.6 REF REF
2 1,310,863 19.0 500 16.7 1.22 [1.07-1.39] 0.94 [0.82-1.08]
3 1,289,970 18.7 550 18.4 1.36 [1.20-1.55] 0.92 [0.80-1.05]
4 1,264,345 183 585 195  1.48 [1.30-1.68] 0.89 [0.78-1.02]
5 (more deprived) 1,617,186 235 916 30.6 1.81 [1.61-2.03] 0.94 [0.82-1.07]
No known place of residence 108,915 1.6 35 12 1.03 [0.73-1.45] 0.71 [0.50-1.00]
Level of financial resources <0.001 <0.001
No CMU-C and income® >2000€/month 1,782,245 25.9 412 13.8 REF REF
No CMU-C and income <2000€/month 1,904,978 276 714 239 1.62 [1.44-1.83] 1.11 [0.98-1.25]
No CMU-C and unknown or no income® 2,444,090 355 1164 389 2.06 [1.84-2.31] 1.38 [1.23-1.55]
CMU-C 763,077 111 704 235  3.99 [3.54-4.51] 1.91 [1.67-2.18]
Maternal vulnerability
Maternal age range at pregnancy start (years), 29 (26-33) 26 (21-30) <0.001 -
median (interquartile range)
[12-20] 211,056 31 476 159  9.39 [8.03-10.97] <0.001  7.06 [6.00-8.31] <0.001
[20-25] 1,056,821 153 853 285 3.36 [2.91-3.88] 3.17 [2.74-3.68]
[25-30] 2,304,739 334 799 26.7 1.44 [1.25-1.67] 1.55 [1.34-1.80]
[30-35] 2,133,538 31.0 567 18.9 1.11 [0.95-1.29] 1.20 [1.03-1.40]
[35-40] 982,015 14.2 236 79 REF REF
[40-55] 206,221 3.0 63 21 1.27 [0.96-1.68] 1.10 [0.83-1.45]
Intimate partner violence® 34,784 0.5 135 45 9.31 [7.83-11.06] <0.001  3.33 [2.76-4.01] <0.001
Indicator of chronic tobacco consumptionr 524,058 7.6 427 143 2.02 [1.83-2.24] <0.001  1.28 [1.15-1.42] <0.001
Indicator of alcohol use disorder’ 40,167 0.6 96 3.2 5.66 [4.62-6.93] <0.001  1.85[1.48-2.31] <0.001
Indicator of opioid use disorder’ 21,700 0.3 49 16 5.28 [3.99-7.01] <0.001  1.90 [1.41-2.56] <0.001
Grand multiparity 192,981 28 104 35 1.25 [1.03-1.52] 0.03  1.11[0.91-1.35] 0.32
Short birth interval 220,352 3.2 185 6.2 2.00 [1.72-2.32] <0.001 1.48 [1.27-1.72] <0.001
Multiple pregnancy 79,885 12 61 20 178 [1.38-2.29] <0.001 139 [1.07-1.81] 0.02
>1 hospitalisationq 1,376,726 20.0 963 322 1.90 [1.76-2.05] <0.001 1.34 [1.23-1.45] <0.001
Diagnosis of chronic mental disorders® 50,796 0.7 103 3.4 4.81 [3.95-5.85] <0.001  1.50 [1.14-1.97] 0.004
Hospitalisation for a mental disorder™" 40,350 0.6 110 37 6.49 [5.36-7.85] <0.001  1.88 [1.49-2.36] <0.001
Diagnosis of chronic somatic disorders® 261,377 3.8 257 8.6 2.38 [2.10-2.71] <0.001  1.55[1.32-1.83] <0.001
(Table 1 continues on next page)
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Infants without a Infants with a Crude HR (95% Cl)  p* Adjusted HR (95% CI)° p
diagnosis of early CPA  diagnosis of early CPA
N = 6,894,390 N = 2994
n % n %
(Continued from previous page)
Parent-infant bonding and infant characteristics
Assisted reproduction 189,193 2.7 42 14 0.50 [0.37-0.68] <0.001  0.64 [0.47-0.87] 0.01
Mode of delivery <0.001 0.002
Vaginal delivery 5,494,340 79.7 2255 753 REF REF
Scheduled caesarean section 470,821 6.8 185 6.2 0.96 [0.82-1.11] 111 [0.95-1.29]
Emergency caesarean section 929,229 135 554 18.5 1.46 [1.33-1.60] 1.19 [1.08-1.31]
Term of birth <0.001 <0.001
Full-term birth >37 WG 6,483,181 94.0 2564 85.6 REF REF
Preterm birth 32-37 WG 361,001 5.2 330 11.0 2.31 [2.06-2.60] 1.42 [1.24-1.63]
Very preterm birth <32 WG 50,208 07 100 33 5.06 [4.15-6.18] 2115 [1.68-2.75]
Birth weight' <0.001 <0.001
Appropriate > P10 5,887,918 854 2369 791  REF REF
Small for gestational age P3-P10 515,794 7.5 303 10.1 1.46 [1.30-1.65] 1.20 [1.07-1.36]
Very small for gestational age < P3 274,763 4.0 244 8.2 2.21 [1.94-2.52] 1.34 [1.17-1.54]
Missing 215,915 3.1 78 2.6 0.90 [0.72-1.13] 0.91 [0.72-1.14]
Infant sex <0.001 <0.001
Female 3,365,411 48.8 1194 39.9 REF REF
Male 3,528,979 512 1800 601  1.44 [134-155] 1.41 [1.31-1.51]
Neonatal hospitalisation at birth <0.001 <0.001
Staying with the mother 5,797,230 84.1 2154 719 REF REF
Medical paediatrics unit 332,536 4.8 176 5.9 1.43 [1.22-1.66] 1.30 [1.11-1.52]
Neonatal unit 500,915 73 349 11.7 1.88 [1.68-2.10] 1.24 [1.10-1.40]
Neonatal intensive care unit 263,709 3.8 315 10.5 3.23 [2.87-3.64] 1.38 [1.18-1.62]
Diagnosis of severe disorder in the infant!
None 6,838,686 99.2 2845 95.0 REF <0.001 REF <0.001
Chronic non-neurocognitive disorder 42,447 0.6 33 1.1 1.91 [1.35-2.69] 1.43 [1.01-2.02]
Chronic neurocognitive disorder 13,257 0.2 116 3.9 21.79 [18.10-26.23] 14.37 [11.85-17.44]

CMU-C: Complementary Universal Health Insurance; HR: hazard ratio; 95% Cl: 95% confidence interval; WG: weeks of gestation. Reference categories are indicated for variables with >2 categories. 2Chi-
squared test. bAdjusted on deprivation index, level of financial resources, maternal age, intimate partner violence, indicator of chronic tobacco consumption, indicator of alcohol use disorder, indicator of
opioid use disorder, grand multiparity, short birth interval, multiple pregnancy, >1 hospitalisation, diagnosis of chronic mental disorders, hospitalisation for a mental disorder, diagnosis of chronic somatic
disorders, assisted reproduction, mode of delivery, term of birth, birth weight, infant sex, neonatal hospitalisation at birth, diagnosis of severe disorder in the infant (level 1), and administrative region
(level 2). “Maternity leave allowance. “Unemployed or information not provided by the health insurance scheme. ®Pre-, per-, and post-pregnancy. fIn the 5 years before childbirth. 9In medical, surgical, or
obstetric wards during pregnancy excluding obstetric hospitalisation a week before childbirth. "Before censoring. 'For gestational age and sex (Z-score) in percentile (P). JIn the first year of life, before

censoring.

Table 1: Associations between the factors studied and early child physical abuse (CPA) in infants.

with disinhibition, leading to violent behaviour.”"** The
independent associations between short birth intervals
or multiple pregnancies and early CPA could be
attributed to the fatigue experienced from caring for two
or more infants, but short birth intervals were not
associated with CPA when only birth-related variables
were analysed.”” Hospitalisations during pregnancy
can lead to maternal anxiety and fatigue. We confirmed
the association between early CPA and maternal mental
disorders with the analysis of LTD status and hospital-
isations for mental disorders.”***” However, we did not
explore the potential role of psychotropic drugs on
postpartum behaviour, including violence. These drugs
might affect behaviour by removing inhibitions or

www.thelancet.com Vol 42 July, 2024

anxiety linked to their use or withdrawal. Further
research is needed to better understand the relation
between psychotropic drug use and early CPA.

As in other studies,”* we identified several potential
disruptors of safe parent-infant bonding as independent
risk factors of early CPA: emergency caesarean section,
prematurity, low birth weight, and hospitalisation of the
infant at birth. However, we found a protective effect of
assisted reproduction, even after adjustment for
maternal age, probably related to a “strong desire for
children” that may help bonding. The absence of this
association in the sensitivity analyses could be due to the
potential influence of this variable on other birth-related
factors that might contribute to the association studied.
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The association between early CPA and prematurity
could also be explained by differences in crying patterns
between premature infants and term infants,’** as well as
the stress associated with prolonged hospitalisation and
the complications of prematurity.*** The independent
association between male sex and early CPA might be
partly attributed to the aversion male adults feel toward
a male infant’s crying, both in terms of sound and visual
cues, for example.” Severe chronic non-neurocognitive
or neurocognitive disorders in infants could be associ-
ated with parental stress, difficulties in bonding, then
early CPA>” In our study, early CPA was highly
associated with a diagnosis of a severe chronic neuro-
cognitive disorder in the infant, in line with the well-
established association between childhood disability
and CPA.»

The associations we identified between early CPA and
numerous factors linked to economic and socio-
geographical inequities, maternal vulnerability, and
poor parent-infant bonding reinforce the hypothesis that
early CPA is multifactorial and requires multidimen-
sional interventions based on socio-ecological models to
address broader social factors.'”"**** Additionally, the
identification of numerous risk factors implies a need for
a more precise risk assessment that incorporates a
broader range of independent factors than those used by
current interventions. These identified factors could help
in allocating existing resources, such as parenting in-
terventions, to parents who could most benefit from
them by refining risk-stratification tools already proposed
in the literature for use during pregnancy and at birth.”

Our study has several strengths. The first strength is
the coverage rate of the EPI-MERES register that allowed
for analysing 2994 cases of CPA, substantially more than
in previous studies,***"****"*> thus ensuring enough
statistical power and allowing for studying rare factors
such as opioid use disorder or assisted reproduction
(frequency <3%). Second, the national population-based
design of the register and its very small attrition limited
the selection bias found in non-population-based studies.
Third, although some of the factors studied may reflect
the consequences of early CPA, they were measured
before the diagnosis of early CPA, which limited the
classification bias found in retrospective studies. Fourth,
the use of the Mother-Child EPI-MERES register enabled
the study of a large number of socio-economic and
medical maternal, prenatal and postnatal factors simul-
taneously. Finally, we used a validated algorithm to
identify early CPA that has a positive predictive value of
92% for infants <1 year old.”

Our study also has several limitations. The first
limitation is the residual confounding from unmea-
sured covariates, particularly those related to socio-
economic status (e.g., educational attainment and
occupation), to maternal vulnerability (e.g., late booking
for antenatal care and concealment of pregnancy), and
that paternal factors may occur, as in all observational

studies. Paternal factors are poorly studied in the
literature, although fathers are often involved in the
perpetration of early CPA, directly or indirectly by their
absence, which is also difficult to quantify. This
absence could increase the likelihood of familial eco-
nomic inequities.* Similarly, we were unable to
study early CPA in siblings, nor were we able to
examine birth order or birth interval between siblings.
However, despite this limitation, our study allowed us
to confirm associations that are valuable in the early
detection and prevention of CPA. Second, the EPI-
MERES register’s limited data history may result in
approximations for factors such as chronic tobacco
consumption and inaccessible information such as a
history of childhood abuse or substance use disorder
since adolescence.” Third, CPA was defined using
ICD-10 codes, which likely underestimated its inci-
dence and precluded the examination of other forms of
abuse such as emotional abuse and neglect. These
forms of abuse may also influence the effects of CPA
on later health outcomes.®*> Other variables were
derived from ICD-10 codes, potentially influencing re-
sults. For example, defining intimate partner violence
based on hospital discharge codes probably selected the
most severe non-immediately-lethal cases and over-
estimated the association observed with CPA. Fourth,
although we excluded same-sex twins due to technical
constraints, this affected only 2.4% of the sample, and
we were still able to confirm the association between
multiple pregnancies and early CPA. Fifth, we treated
mothers of twins and higher-order multiples (1.2% of
the sample) as statistically independent by duplicating
them at the infant level. Given the low proportion of
such infants, a 3-level modelling was deemed unnec-
essary. Sixth, CPA risk factors available as continuous
variables were studied in categories that may have led
to a loss of statistical power. However, sensitivity
analysis using these continuous variables without cat-
egorisation led to similar results. Seventh, as in any
study of early CPA, some notorious risk factors or
protective factors of CPA may have led to implicit bias
during the evaluation of suspected early CPA by hos-
pital teams, thereby falsely reinforcing or attenuating
known associations. Finally, we were unable to
consider the usually sustained process of CPA or
determine whether the physical abuse was recurrent.
We studied factors for only infants hospitalised for
early CPA. The factors associated with CPA for infants
who died without hospitalisation or who were not
hospitalised are probably different. However, not
hospitalising an infant <1 year old with suspected early
CPA is rare in France.

Conclusions
The independent maternal, prenatal and postnatal risk
factors of early CPA identified for the first time at the
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population and national level in France may help in un-
derstanding CPA mechanisms and developing effective
prevention programs including risk-stratification tools to
optimise the allocation of parenting interventions to
parents who could most benefit from them.
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