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ARTICLE INFO ABSTRACT

Keywords: Background: Maternal stress and anxiety are associated with adverse pregnancy outcomes, but the association
Anxiety disorders with future childhood injuries is unclear, especially risk of orthopedic fractures.

Child abuse Methods: We conducted a longitudinal study of 773,339 newborns in Quebec, Canada between 2006 and 2018.
Frf’“}‘res We identified women with stress or anxiety disorders before or after delivery, and computed the incidence of
Inﬁmes. future operative fractures in offspring. We estimated hazard ratios (HR) with 95% confidence intervals (CI) for
Stress disorders - . . . . s .

Trauma the association of maternal stress and anxiety disorders with the risk of pediatric fractures, adjusted for maternal

and infant characteristics.

Results: Incidence of any fracture was higher for maternal stress (20.5 per 10,000 person-years) and anxiety
(19.8 per 10,000 person-years) than no disorder (15.3 per 10,000 person-years). Maternal stress was associated
with 1.17 times the risk of pediatric fractures (95% CI 1.00-1.38), and anxiety was associated with 1.26 times
the risk (95% CI 1.07-1.47), compared with no disorder. Stress was predominantly linked with fall-related
fractures (HR 1.26, 95% CI 1.06-1.50), and anxiety with assault-related fractures (HR 2.97, 95% CI 1.50-5.89).
The association of stress with fall-related fractures was more prominent after 36 months of age, whereas anxiety
was linked with assault-related fractures before 6 months.

Conclusion: Stress and anxiety disorders before or after delivery are associated with the future risk of fractures in
children. Women with a history of stress or anxiety disorders may benefit from counselling and social support for
child fracture prevention.

1. Introduction

Fractures comprise a substantial proportion of pediatric injuries [1],
but maternal risk factors are poorly understood. Fractures represent
nearly 60% of pediatric trauma hospitalizations [1], and are serious
injuries [2]. The Centers for Disease Control and Prevention estimated
that in 2010, hospitalizations for fractures between 0 and 14 years of
age led to lifetime medical costs of $1.5 billion and societal costs of $5.6
billion in the US [3]. Two-thirds of children sustain fractures [4], but
maternal risk factors receive little attention and morbidities such as
metabolic bone disorders explain only a fraction of cases [5]. A better
understanding of how maternal risk factors relate to fractures in chil-
dren is needed for prevention.

Maternal stress and anxiety disorders are associated with pediatric

injuries in general [6-8], but the relationship with fractures, a more
serious injury, is understudied. Stress and anxiety may influence the
risk of childhood fractures through several pathways, including sub-
optimal supervision, inadequate safeguarding, and child maltreatment
[6,9]. These pathways may be more important for fractures than mild
injuries [10]. Stress and anxiety disorders are prevalent in women of
reproductive age and reported in up to 25% of pregnant women
[11,12]. Yet, only two cohort studies have considered the possibility
that stress and anxiety disorders early in a woman's life have the po-
tential to be markers of future fractures in children [7,8]. A Danish
study of 975,580 children found that fetal exposure to maternal stress
due to a sibling's traumatic death was associated with an elevated risk
of any childhood fracture [7]. Similarly, in a British study of 207,048
mothers, child fracture rates were greater during episodes of maternal
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depression and anxiety [8]. However, neither study examined auxiliary
factors including anatomical site, cause, and age of fracture. To further
the findings of previous studies, we examined the association between
maternal stress and anxiety disorders before, during, or after pregnancy
and childhood fractures by site, cause, and age.

2. Methods
2.1. Study design

We performed a longitudinal cohort study of 773,339 infants born
in hospitals of Quebec, Canada between 2006 and 2016. In Quebec, the
majority of births occur in hospital (99%), thus the cohort is popula-
tion-based. Using de-identified health insurance numbers, we followed
the cohort from birth until the end of study on March 31, 2018 to
identify hospitalizations for operative bone fractures in childhood. The
data were extracted from the Maintenance and Use of Data for the
Study of Hospital Clientele registry, a compilation of all discharge
summaries in Quebec [13]. Each discharge summary contains demo-
graphic data and information on up to 41 diagnoses coded using the
tenth revision of International Classification of Diseases (ICD), and 35
procedures coded using the Canadian Classification of Health Inter-
ventions. Newborn discharge summaries are linked with the mother,
enabling us to identify maternal exposures including stress or anxiety
disorders and other morbidities before or after delivery.

We did not include infants who died at birth or had invalid health
insurance numbers as they could not be followed over time. We ad-
ditionally excluded infants with fractures at the delivery admission and
infants with osteogenesis imperfecta, a genetic disorder characterized
by easily breakable bones. Infants whose mothers had isolated diag-
noses of schizophrenic, nonaffective psychotic, mood, neurotic, soma-
toform, and personality disorders also were not eligible for study in-
clusion [14].

2.2. Maternal stress and anxiety disorders

In this study, we defined the main exposure measure as maternal
stress and anxiety disorders occurring before, during, or after preg-
nancy (yes, no). Stress disorders included acute and severe stress re-
actions, post-traumatic stress disorder, and adjustment disorder.
Anxiety disorders included phobic, panic, generalized anxiety, ob-
sessive-compulsive, and other disorders. We captured these disorders
using diagnostic codes in the ICD, which follow general categories in
the Diagnostic and Statistical Manual of Mental Disorders
(Supplementary Table 1).

Hospitalization for stress and anxiety disorders indicates serious
illness. Stress and anxiety disorder codes were identified on discharge
summaries of maternal hospitalizations. Data on the exposure were
available for hospitalizations between 1989 and the study end.
Admissions before or after delivery allowed us to capture stress and
anxiety disorders that were severe enough to require hospitalization,
but not disorders that were treated in ambulatory settings. To capture
disorders that did not result in hospitalization, we used the discharge
summary from the delivery hospitalization which contains information
on maternal stress and anxiety disorders treated on an outpatient basis
during pregnancy [15].

2.3. Fractures

The main outcome measure included nonpathologic fractures that
required treatment in hospital, representing serious pediatric injury. We
identified children hospitalized for fractures using ICD codes
(Supplementary Table 2). We organized fractures by anatomical site:
head (skull, face); spine/thorax/pelvis; upper limb (shoulder, humerus,
forearm); lower limb (femur, lower leg/ankle); and hand/foot. We
further classified fractures by cause, including fall, assault, transport,
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mechanical force, and other or unspecified causes.

2.4. Covariates

We considered covariates that may influence the association of
maternal stress and anxiety with childhood fractures. Maternal cov-
ariates included age at delivery (< 25, 25-34, =35 years), parity (0, 1,
=2 previous deliveries), illicit drug or alcohol use (yes, no), and
pregnancy complications defined as preeclampsia, preexisting or ge-
stational diabetes, multiple birth, and preterm birth (yes, no)
(Supplementary Table 1). Infant covariates included sex (male, female),
and morbidity defined as osteoporosis, other bone density and structure
disorders, congenital heart defects, vitamin D, calcium, and phosphorus
deficiency, and bronchopulmonary dysplasia (yes, no) (Supplementary
Table 1). Additionally, we accounted for neighbourhood socioeconomic
deprivation (poorest population quintile for income, education, and
employment, not disadvantaged), place of residence (rural, urban), and
time period at cohort entry (2006-2009, 2010-2012, 2013-2016). We
had missing data for socioeconomic status (n = 29,866, 3.9%) and
place of residence (n = 13,658, 1.8%). We used multiple imputation to
build five new datasets using the Markov Chain Monte Carlo method
[16], and verified the results using a complete case approach excluding
patients with missing data.

2.5. Data analysis

We calculated the incidence of fractures per 10,000 person-years
with 95% confidence intervals (CI). We verified the proportional hazard
assumption in log (—log survival) curves, and used Cox proportional
hazards regression to estimate the association of maternal stress and
anxiety with the first hospitalization for fracture in childhood. These
models produced hazard ratios (HR) which reflect the risk of fracture in
exposed infants relative to unexposed infants in a given time interval.
We adjusted the HRs initially for maternal age at delivery, parity,
pregnancy complications, sex, infant morbidity, socioeconomic depri-
vation, place of residence, and time period. We further adjusted the
models for maternal illicit drug or alcohol use, a potential mediator of
the relationship of maternal stress and anxiety with pediatric fractures.
We accounted for clustering of births in women through robust sand-
wich estimators. We expressed the time axis in days, beginning at birth
and ending at the first fracture event, death, or end of study. Children
who were never hospitalized for fractures were censored and death was
analyzed as a competing event using the Fine and Gray method. Follow-
up was longer for infants who entered earlier in the study. Cox re-
gression can account for differences in the duration of follow-up time
through censoring [17].

We estimated HRs and 95% ClIs for different types of stress and
anxiety disorders and by anatomical site and cause of fractures. We
further stratified the analysis by age at fracture, including O to 5, 6 to
17, 18 to 35, and 36 months and older. We used these cutoffs to account
for metabolic bone disease of prematurity which may lead to fractures
before 6 months of age [5], and for child maltreatment which con-
tributes to fractures between 6 and 17 months, as well as between 18
and 35 months of age [10].

We performed sensitivity analyses where we excluded preterm in-
fants at risk of metabolic bone disease. We also examined whether the
timing of stress or anxiety disorders affected the associations, by ana-
lyzing disorders before, during, and after pregnancy separately.

We used SAS version 9.4 to carry out the analyses and determined
statistical significance using 95% Cls. As hospital data were de-identi-
fied, the University of Montreal Hospital Centre's institutional review
board waived the need for ethical review. The study was in accordance
with the 1964 Helsinki declaration and its later amendments, and the
Tri-Council Policy Statement: Ethical Conduct for Research Involving
Humans, a joint policy of Canada's three federal research agencies.
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Table 1
Incidence of fractures according to maternal and infant characteristics.

No. No. Total person- Incidence rate per
infants  fractures years 10,000 person-years
(95% CI)

Maternal disorder

Stress 11,266 163 79,425 20.5 (18.4-22.9)

Anxiety 12,026 151 76,367 19.8 (17.7-22.1)

Stress and 2352 36 16,429 21.9 (17.4-27.6)

anxiety

No 747,695 7899 5,158,985 15.3 (15.1-15.6)
Age at delivery, years

<25 123,455 1656 873,315 19.0 (18.3-19.6)

25-34 517,325 5454 3,584,941 15.2 (14.9-15.5)

=35 132,559 1139 872,949 13.0 (12.5-13.6)
Parity

0 379,539 3764 2,627,716 14.3 (14.0-14.7)

1 270,559 2987 1,865,073 16.0 (15.6-16.4)

=2 123,241 1498 838,415 17.9 (17.2-18.5)
Maternal illicit drug or alcohol use

Yes 10,817 150 71,058 21.1 (18.9-23.6)

No 762,522 8099 5,260,147 15.4 (15.2-15.6)
Pregnancy complication®

Yes 139,410 1492 925,025 16.1 (15.6-16.7)

No 633,929 6757 4,406,180 15.3 (15.1-15.6)
Sex of infant

Male 396,680 4672 2,733,227 17.1 (16.8-17.4)

Female 376,659 3577 2,597,979 13.8 (13.5-14.1)
Infant morbidity”

Yes 13,017 213 86,555 24.6 (22.4-27.1)

No 760,322 8036 5,244,650 15.3 (15.1-15.6)
Socioeconomic deprivation

Yes 159,157 1806 1,087,733 16.6 (16.4-16.8)

No 614,182 6443 4,243,472 15.2 (15.1-15.2)
Place of residence

Rural 144,273 2034 997,177 20.4 (20.3-20.5)

Urban 629,066 6215 4,334,028 14.3 (14.3-14.4)
Time period of birth

2006-2009 299,390 4918 2,957,309 16.6 (16.3-17.0)

2010-2012 239,017 2347 1,548,409 15.2 (14.7-15.6)

2013-2016 234,932 984 825,486 11.9 (11.4-12.5)
Total 773,339 8249 5,331,205 15.5 (15.2-15.7)

@ Preeclampsia, preexisting or gestational diabetes, multiple birth, preterm
birth.

b Osteoporosis, other bone density and structure disorders, congenital heart
defects, vitamin D deficiency, calcium deficiency, phosphorus deficiency,
bronchopulmonary dysplasia.

3. Results

In this study, 8249 of 773,339 infants (1.1%) were hospitalized for
fractures during 5,331,205 person-years of follow-up (Table 1). The
overall incidence of fractures was 15.5 per 10,000 person-years (95% CI
15.2-15.7). The incidence was greater for maternal stress (20.5 per
10,000 person-years) and anxiety disorders (19.8 per 10,000 person-
years) than no disorder (15.3 per 10,000 person-years).

In fully adjusted models, maternal stress and anxiety disorders were
associated with a greater risk of fracture (Table 2). Compared with no
mental disorder, maternal stress and anxiety were associated with 1.22
times the risk of fracture during follow-up (95% CI 1.09-1.36). Ma-
ternal stress was just as strongly associated with fractures (HR 1.17,
95% CI 1.00-1.38) as anxiety (HR 1.26, 95% CI 1.07-1.47). Adjust-
ment, panic, and generalized anxiety disorders were more strongly as-
sociated with risk of childhood fractures, compared with no disorder.
Associations were similar when models were not adjusted for maternal
illicit drug or alcohol use.

Maternal stress and anxiety disorders were more strongly associated
with facial bone and lower leg/ankle fractures (Table 3). Any stress or
anxiety was associated with 1.69 times the risk of facial bone fractures
(95% CI 1.20-2.37) and 1.57 times the risk of lower leg/ankle fractures
(95% CI 1.07-2.32), compared with no disorder. Significant
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associations were also present with fractures of the forearm. Stress was
most strongly associated with spine/thorax/pelvis fractures (HR 1.93,
95% CI 1.01-3.67), whereas anxiety was most strongly associated with
forearm fractures (HR 1.44, 95% CI 1.07-1.94).

Maternal stress and anxiety disorders were closely linked with risk
of fractures due to falls and assault (Table 4). Compared with no mental
disorder, stress disorders were more strongly associated with fall-re-
lated fractures, especially of the upper limb (HR 1.32, 95% CI
1.07-1.62). In contrast, maternal anxiety was more strongly associated
with assault-related fractures of the lower limb (HR 2.85, 95% CI
1.02-7.95). Maternal stress was also associated with assault-related
fractures of the lower limb (HR 2.84, 95% CI 1.08-7.45).

The association of maternal stress and anxiety with childhood
fractures varied with age (Table 5, Supplementary Table 3). Between 0
and 5 months of age, maternal stress and anxiety disorders were asso-
ciated with 2.67 times the risk of lower limb fractures (95% CI
1.38-5.16), and 2.36 times the risk of spine/thorax/pelvis fractures
(95% CI 1.00-5.58), compared with no disorder. Between 6 and
17 months, maternal stress and anxiety were not associated with frac-
tures at any particular anatomical site. Maternal stress and anxiety
were, however, associated with the 1.59 times the risk of head fractures
between 18 and 35 months (95% CI 1.02-2.50). Moreover, stress and
anxiety disorders were more strongly related to assault-related fractures
before 6 months (HR 2.55, 95% CI 1.31-4.96). By 36 months of age, the
association shifted to fall-related fractures (HR 1.32, 95% CI
1.13-1.55).

In sensitivity analyses, excluding preterm infants slightly attenuated
the associations but the general trends persisted. In analyses of timing,
stress and anxiety disorders before pregnancy were associated with 1.23
times the risk of fractures (95% CI 1.05-1.46) and during pregnancy
with 1.28 times the risk (95% CI 1.03-1.60), compared with no dis-
order. Stress and anxiety disorders before and during pregnancy were
more strongly associated with fractures than disorders after pregnancy
(HR 1.15, 95% CI 0.96-1.39).

4. Discussion

In this longitudinal study of 773,339 mother-child pairs, we found
that a history of maternal stress and anxiety was associated with 1.2
times the risk of pediatric fractures, compared with no mental disorder.
Associations were present for both maternal stress and anxiety, and
were more prominent for fall and assault-related fractures. Associations
with assault-related fractures were strongest between 0 and 5 months of
age, whereas associations with fall-related fractures were more ap-
parent at older ages, especially after 36 months. These findings suggest
that maternal stress and anxiety disorders may be associated with risk
of future childhood fractures. Identification and treatment of stress and
anxiety disorders in women of reproductive age may provide oppor-
tunities to reduce the risk of childhood fractures in future offspring,
especially fractures due to child maltreatment.

Only a handful of studies have examined the relationship between
maternal mental health and the risk of pediatric injuries [6-8,18,19].
While evidence suggests that children whose mothers have poor mental
health have a disproportionately high rate of unintentional injuries
[6-8,18,19], the association with pediatric fractures was specifically
examined in only two studies [7,8]. In Denmark, maternal prenatal
stress due to bereavement from a sibling's death was associated with 1.3
times the risk of childhood fractures in a study that linked mothers to
children through civil registration numbers [7]. A British study of
207,048 mother-child pairs found that maternal depression and anxiety
before and after delivery were associated with 1.2 times the risk of child
fractures [8]. However, these studies did not examine the site, cause,
and age of fracture, information that is needed to identify strategies for
prevention.

In our analyses, maternal stress and anxiety were associated with
spine/thorax/pelvis and lower limb fractures, mostly due to assault.
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Table 2
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Association between maternal stress and anxiety disorders and pediatric fractures.

No. No. fractures Hazard ratio (95% CI)
infants
Unadjusted Partially adjusted” Fully adjusted”
Any stress or anxiety
Yes 25,644 350 1.33 (1.20-1.48) 1.24 (1.11-1.38) 1.22 (1.09-1.36)
No 747,695 7899 Referent Referent Referent
Type of mental disorder
Stress 11,266 163 1.34 (1.14-1.56) 1.21 (1.03-1.41) 1.17 (1.00-1.38)
Acute/severe stress 732 11 1.38 (0.77-2.48) 1.22 (0.68-2.20) 1.18 (0.65-2.12)
reactions
Post-traumatic stress 375 <5 0.80 (0.26-2.47) 0.71 (0.23-2.20) 0.69 (0.22-2.14)
disorder
Adjustment disorder 10,491 153 1.35 (1.15-1.58) 1.22 (1.04-1.43) 1.18 (1.00-1.39)
Anxiety 12,026 151 1.31 (1.12-1.54) 1.26 (1.08-1.48) 1.26 (1.07-1.47)
Phobic disorder 773 11 1.35 (0.75-2.43) 1.26 (0.70-2.26) 1.24 (0.69-2.23)
Panic disorder 1476 25 1.62 (1.09-2.40) 1.53 (1.03-2.27) 1.52 (1.03-2.26)
Generalized anxiety 2031 30 1.57 (1.10-2.25) 1.54 (1.07-2.20) 1.52 (1.07-2.18)
disorder
Obsessive compulsive 642 5 0.74 (0.31-1.78) 0.72 (0.30-1.73) 0.71 (0.30-1.71)
disorder
Other 7901 91 1.22 (1.00-1.50) 1.19 (0.96-1.46) 1.18 (0.96-1.45)
Stress and anxiety 2352 36 1.43 (1.03-1.97) 1.28 (0.93-1.77) 1.25 (0.90-1.73)
No 747,695 7899 Referent Referent Referent

? Adjusted for maternal age at delivery, parity, pregnancy complications, infant sex, infant morbidity, socioeconomic deprivation, place of residence, and time

period.
> Additionally adjusted for maternal illicit drug or alcohol use.

Associations were apparent under 6 months of age but not at older ages.
Causes of fractures in early infancy are not fully established, but often
raise suspicion of child maltreatment. Evidence indicates that most
battering-related childhood injuries occur between 0 and 5months
[20]. Some data suggest that children whose mothers have anxiety
disorders are 1.3 times more likely to be reported to social services for
maltreatment and 1.8 times more likely to be placed in foster care,
compared with no anxiety disorder [9]. Intergenerational transmission
of child maltreatment is also possible, as girls who are maltreated in
childhood are more likely to have adult anxiety [21]. Yet, child mal-
treatment is often overlooked in the differential diagnosis of children
who present with fractures, and the proportion of maltreatment-related
fractures is therefore likely underestimated [10,22]. Around 20% of
fractures before three years of age that are due to child maltreatment
may in fact be missed [10,22]. A systematic review revealed that
children with multiple rib fractures have a 70% probability of

Table 3

maltreatment, and that femoral fractures due to maltreatment are more
common in children who do not yet walk [10].

While we found no association with assault-related fractures at
older ages, maternal stress and anxiety after 36 months was associated
with fall-related fractures. Falls are the most frequent cause of injury in
children [1]. Most fall-related fractures at older ages are attributed to
unintentional injuries, although it is possible that some may be due to
maltreatment, considering the association of stress and anxiety with
assault-related fractures in early childhood. Distinguishing fall-related
fractures due to child maltreatment from true unintentional injuries is
however difficult, as child activity patterns, energy level, and tem-
perament become more important at older ages [6,23,24]. Moreover,
some data suggest that maternal stress is linked with child externalizing
behaviours including hyperactivity and impulsivity, which are in turn
associated with pediatric injuries [6,25].

Parenting behaviours unrelated to maltreatment may also affect the

Association between maternal stress and anxiety disorders and pediatric fractures by anatomical site.

No. fractures

Hazard ratio (95% CI)*

Exposed Unexposed Any stress or anxiety Stress” Anxiety
Head 93 1809 1.33 (1.07-1.65) 1.43 (1.08-1.90) 1.20 (0.86-1.67)
Skull 61 1263 1.27 (0.97-1.66) 1.36 (0.95-1.95) 1.16 (0.77-1.74)
Face 38 553 1.69 (1.20-2.37) 1.82 (1.17-2.82) 1.50 (0.86-2.59)
Spine/thorax/pelvis 15 160 1.68 (0.96-2.94) 1.93 (1.01-3.67) 1.30 (0.47-3.54)
Upper limb 187 4388 1.21 (1.04-1.40) 1.15 (0.94-1.41) 1.28 (1.03-1.60)
Shoulder 7 96 1.33 (0.56-3.16) 1.82 (0.68-4.90) 0.56 (0.08-4.02)
Humerus 82 2290 1.02 (0.81-1.28) 0.89 (0.64-1.23) 1.19 (0.87-1.63)
Forearm 106 2133 1.43 (1.17-1.75) 1.42 (1.10-1.84) 1.44 (1.07-1.94)
Lower limb 67 1373 1.28 (0.99-1.65) 1.22 (0.87-1.71) 1.35 (0.94-1.94)
Femur 45 921 1.23 (0.90-1.69) 1.13 (0.74-1.72) 1.36 (0.88-2.10)
Lower leg/ankle 28 479 1.57 (1.07-2.32) 1.54 (0.93-2.55) 1.61 (0.91-2.87)
Hand/foot 13 406 0.85 (0.49-1.48) 0.54 (0.23-1.24) 1.30 (0.64-2.62)

& Hazard ratios are relative to no stress or anxiety disorder, adjusted for maternal age at delivery, parity, pregnancy complications, illicit drug or alcohol use, infant
sex, infant morbidity, socioeconomic deprivation, place of residence, and time period.

> Includes 2352 women with both stress and anxiety disorders.
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Table 4
Association between maternal stress and anxiety disorders and pediatric fractures by cause of fracture.

Bone 130 (2020) 115143

No. fractures

Exposed

Unexposed

Hazard ratio (95% CD)*

Any stress or anxiety

Stress”

Anxiety

Falls
Any fracture
Head
Spine/thorax/
pelvis
Upper limb
Lower limb
Hand/foot
Assault
Any fracture
Head
Spine/thorax/
pelvis
Upper limb
Lower limb
Hand/foot
Transport
Any fracture
Head
Spine/thorax/
pelvis
Upper limb
Lower limb
Hand/foot
Mechanical force
Any fracture
Head
Spine/thorax/
pelvis
Upper limb
Lower limb
Hand/foot
Other or unspecified
Any fracture
Head
Spine/thorax/
pelvis
Upper limb
Lower limb
Hand/foot

252
51
<5

166
37
<5

18
<5

29
12

10
<5

27
12

<5
<5
10

31
16
<5

9
7
<5

5879
1248
32

3703
865
89

139
22
58

56
65

526
118
38

282
121
33

720
156
12

141
214
213

728
265
21

241
128
63

1.25 (1.10-1.42)
1.10 (0.83-1.47)
0.99 (0.13-7.35)

1.33 (1.13-1.56)
1.26 (0.90-1.75)
0.38 (0.05-2.76)

2.12 (1.20-3.74)
1.85 (0.45-7.65)
1.98 (0.83-4.75)

1.52 (0.57-4.05)
2.84 (1.31-6.16)

1.26 (0.85-1.86)
2.15 (1.12-4.15)
2.48 (0.96-6.46)

0.54 (0.23-1.26)
1.75 (0.89-3.41)
0.97 (0.13-7.02)

0.97 (0.65-1.43)
2.12 (1.14-3.94)

0.31 (0.08-1.26)
0.47 (0.18-1.28)
1.22 (0.66-2.24)

1.04 (0.72-1.52)
1.53 (0.92-2.53)
0.68 (0.11-4.05)

0.91 (0.46-1.80)
1.28 (0.57-2.89)
0.44 (0.05-3.52)

1.26 (1.06-1.50)
1.28 (0.89-1.86)
1.96 (0.27-14.4)

1.32 (1.07-1.62)
1.13 (0.71-1.80)

1.58 (0.73-3.46)
0.84 (0.08-8.94)
2.23 (0.79-6.27)

1.10 (0.29-4.24)
2.84 (1.08-7.45)

1.06 (0.64-1.77)
2.18 (0.99-4.83)
2.26 (0.78-6.50)

0.14 (0.02-1.03)
1.88 (0.86-4.12)

0.70 (0.39-1.25)
1.44 (0.54-3.87)

0.24 (0.03-1.90)
0.19 (0.03-1.27)
1.01 (0.45-2.27)

1.18 (0.74-1.88)
1.79 (0.94-3.42)
1.09 (0.18-6.64)

0.98 (0.42-2.26)
1.91 (0.76-4.79)

1.23 (1.02-1.49)
0.89 (0.56-1.42)

1.34 (1.06-1.69)
1.40 (0.89-2.21)
0.82 (0.11-5.92)

2.97 (1.50-5.89)
3.78 (0.86-16.6)
1.60 (0.38-6.67)

2.26 (0.70-7.33)
2.85 (1.02-7.95)

1.58 (0.91-2.74)
2.10 (0.76-5.77)
2.96 (0.68-12.8)

1.18 (0.49-2.87)
1.52 (0.48-4.82)
2.21 (0.30-16.3)

1.35 (0.81-2.25)
3.05 (1.44-6.47)

0.45 (0.07-3.09)
0.88 (0.28-2.76)
1.50 (0.62-3.65)

0.85 (0.46-1.59)
1.18 (0.49-2.82)

0.80 (0.26-2.50)
0.46 (0.06-3.29)
1.09 (0.15-8.04)

? Hazard ratios are relative to no stress or anxiety disorder, adjusted for maternal age at delivery, parity, pregnancy complications, illicit drug or alcohol use, infant

sex, infant morbidity, socioeconomic deprivation, place of residence, and time period.
® Includes 2352 women with both stress and anxiety disorders.

Table 5

Association between maternal stress and anxiety disorders and pediatric fractures by age at fracture.

Hazard ratio (95% CI)*

0-5 months

6-17 months

18-35 months

=36 months

Site of fracture
Any
Head
Spine/thorax/
pelvis
Upper limb
Lower limb
Hand/Foot
Cause of fracture
Falls
Assault
Transport
Mechanical force
Other or
unspecified

1.31 (0.95-1.83)
1.08 (0.71-1.63)
2.36 (1.00-5.58)

1.64 (0.76-3.55)
2.67 (1.38-5.16)

1.11 (0.72-1.69)
2.55 (1.31-4.96)
3.01 (0.79-11.5)"
0.69 (0.13-3.63)"
1.73 (0.61-4.93)

1.26 (0.92-1.73)
1.12 (0.67-1.87)
0.59 (0.10-3.58)"

1.68 (0.83-3.40)
1.43 (0.86-2.36)
0.53 (0.09-3.12)"

1.28 (0.87-1.88)
1.03 (0.20-5.36)"
4.63 (0.93-23.1)"
1.09 (0.42-2.81)"
0.98 (0.39-2.47)

1.11 (0.84-1.47)
1.59 (1.02-2.50)
1.17 (0.10-13.1)"

0.79 (0.45-1.37)
1.34 (0.83-2.15)
1.40 (0.50-3.89)"

0.98 (0.69-1.40)
2.68 (0.33-21.7)"
1.35 (0.38-4.77)"
1.15 (0.46-2.83)
1.42 (0.79-2.56)

1.22 (1.06-1.40)
1.59 (1.09-2.34)
1.74 (0.73-4.11)

1.23 (1.04-1.45)
0.92 (0.58-1.46)
0.82 (0.41-1.65)

1.32 (1.13-1.55)
1.40 (0.18-10.9)"
1.13 (0.72-1.76)
0.92 (0.55-1.54)
0.73 (0.37-1.44)

@ Hazard ratios are relative to no stress or anxiety disorder, adjusted for maternal age at delivery, parity, pregnancy complications, illicit drug or alcohol use, infant

sex, infant comorbidity, socioeconomic deprivation, place of residence, and time period. Sample sizes are shown in Supplementary Table 3.

> Fewer than 5 events in the exposed.
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risk of fracture. A few studies report that mothers with stress and an-
xiety disorders are overprotective [26,27], suggesting their children
may be less likely to sustain injuries [23,28]. One study found that
maternal stress was associated with a lower risk of child injury, a
finding attributed to the possibility that stressed mothers act proac-
tively to prevent injuries in their children [24]. However, our findings
suggest the opposite as maternal stress and anxiety disorders were as-
sociated with a higher risk of fracture. While child maltreatment may
be a contributing factor, it is also possible that suboptimal parental
supervision or fewer safety practices underlie some of the results. Pre-
vious studies indicate that poor maternal mental health may result in
lower supervision during child activities and limited injury prevention
efforts, including use of safety equipment such as car seats [6,19,24].
Our study supports this plausible pathway as we found a non-negligible
risk of fractures at most anatomical sites in children whose mothers had
stress or anxiety disorders.

Susceptibility to fractures may also be affected by biologic effects of
stress during pregnancy. Prenatal stress is linked with preterm delivery
and low birthweight, two factors that predispose children to fractures
before 6 months of age due to metabolic bone disease of prematurity
[5,29,30]. These factors may explain only part of the findings, however,
as associations persisted even when we excluded preterm infants. It
may be that prenatal exposure to stress hormones or genetic factors are
related to offspring constitution, as infants of stressed pregnant mothers
may have more difficult temperament and conduct disorders [30,31]. It
is thought that prenatal stress exerts effects on the fetal hypothalamic-
pituitary-adrenal (HPA) axis [32]. Maternal stress during pregnancy
can increase maternal and fetal levels of cortisol [7,30], a glucocorti-
coid that may lead to structural changes in the fetal brain and altered
offspring behaviour [7]. Several studies show that prenatal stress can
alter the expression of genes involved in the fetal HPA axis, including
the gene coding the glucocorticoid receptor [32]. Prenatal stress from
intimate partner violence has been shown to increase DNA methylation
in the glucocorticoid receptor gene of offspring [33]. These pathways
could begin even before pregnancy, as stress and anxiety disorders
present before conception were also associated with fractures in our
data.

There were limitations in this study. We identified women with
stress or anxiety disorders using diagnostic codes in administrative
data, and misclassification due to coding errors may have occurred. We
used the ICD to identify stress and anxiety disorders and did not have
codes from the Diagnostic and Statistical Manual of Mental Disorders.
Stress or anxiety disorders may be defined differently in other studies
[31]. Moreover, we could not capture women with stress and anxiety
disorders before pregnancy who did not require hospital admission.
Fractures attributable to maltreatment may be underreported in our
data [34]. We did not have information on fractures that did not require
hospital admission, or on potential confounders such as adverse child-
hood experiences, physical activity, child behaviour, parenting prac-
tices, social support, ethnicity, and prescription drug use. We could not
determine the circumstances surrounding the fracture event such as
safety of the physical environment and level of supervision. Lastly,
while the results of our study are representative of a large Canadian
province, our findings may not generalize to other regions with dif-
ferent population demographics.

4.1. Conclusions

Using a cohort of over 770,000 mother-child pairs, we found that
maternal stress and anxiety disorders before delivery or postpartum
may be risk factors for childhood fractures. Maternal stress and anxiety
were more strongly associated with assault-related fractures before
6 months of age and fall-related fractures after 36 months, reflecting a
potential shift in the nature of fractures due to maltreatment as children
age. While the clinical significance of these findings is difficult to assess,
this study suggests that serious maternal stress and anxiety disorders
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increase the risk of having advanced childhood fractures. Future studies
are merited to evaluate the clinical significance of the results and to
assess the mediating or moderating role of parenting behaviour in re-
lation to child fractures. Women who present with stress and anxiety
disorders before or after delivery may benefit from continued mental
health support, counselling, and social resources to reduce fracture risk
in children.
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