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Abstract

Introduction: Mothers of children with intellectual disability or autism spectrum
disorder (ASD) have poorer health than other mothers. Yet no research has
explored whether this poorer health is reflected in mortality rates or whether certain
causes of death are more likely. We aimed to calculate the hazard ratios for death
and for the primary causes of death in mothers of children with intellectual disability
or ASD compared to other mothers.

Methods: The study population comprised all mothers of live-born children in
Western Australia from 1983-2005. We accessed state-wide databases which
enabled us to link socio-demographic details, birth dates, diagnoses of intellectual
disability or ASD in the children and dates and causes of death for all mothers who
had died prior to 2011. Using Cox Regression with death by any cause and death
by each of the three primary causes as the event of interest, we calculated hazard
ratios for death for mothers of children intellectual disability or ASD compared to
other mothers.

Results and Discussion: During the study period, mothers of children with
intellectual disability or ASD had more than twice the risk of death. Mothers of
children with intellectual disability were 40% more likely to die of cancer; 150%
more likely to die of cardiovascular disease and nearly 200% more likely to die from
misadventure than other mothers. Due to small numbers, only hazard ratios for
cancer were calculated for mothers of children with ASD. These mothers were
about 50% more likely to die from cancer than other mothers. Possible causes and
implications of our results are discussed.
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Conclusion: Similar studies, pooling data from registries elsewhere, would
improve our understanding of factors increasing the mortality of mothers of children
with intellectual disability or ASD. This would allow the implementation of informed
services and interventions to improve these mothers’ longevity.

Introduction

Poorer health, particularly mental health, has consistently been documented in the
mothers of children with intellectual disability [1,2] or autism spectrum disorder
(ASD). [3-5] To some extent, the degree of health impairment in mothers has
been shown to vary according to the type of their child’s disability. For example,
in studies which compared the mental health of mothers of children with different
developmental disabilities, mothers of children with Down syndrome had the least
impaired health and mothers of those with ASD, the most impaired. [6-8]
However whether or not the ASD is associated with comorbid intellectual
disability, occurring in about 50% cases, may also have an impact. Moreover due
to the increased independence of their children, mothers of children with mild
intellectual disability are likely to have different challenges than mothers of
children with severe intellectual disability.

Our previous research identified that mothers with a previous psychiatric
disorder were about twice as likely to have a child with ASD than mothers without
a psychiatric disorder [9] and we know that people with psychiatric disorders have
higher mortality rates. [10] Hence, we were also interested in investigating
whether the existence of a psychiatric disorder, either before or after the birth of
the child, affected mortality. Diagnosis of ASD is increasing. [11] This, combined
with the progressive closing of residential facilities for people with disabilities in
developed nations, [12] has resulted in many more mothers now caring at home
for their children with intellectual disability or ASD.

The examination of mortality rates and identifying any causes of early death
which are more common in particular groups of mothers of children with
intellectual disability or ASD would enable services and interventions to be
directed to those whose health is most vulnerable. Thus, any increased mortality
might be reduced, along with the corresponding emotional and financial burden
to affected families and economic burden to the community.

Therefore, for the study period, we aimed to:

1. Estimate the survival rates in mothers of children with intellectual disability,
ASD and in those whose children have neither intellectual disability or ASD

2. Compare the risk of death in mothers of children with different subgroups of
intellectual disability and ASD compared to other mothers

3. Examine the extent to which a psychiatric disorder can explain any observed
differences in mortality rates

PLOS ONE | DOI:10.1371/journal.pone.0113430 December 23, 2014 2/15
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4. Identify the primary causes of death in mothers of children with intellectual
disability or ASD and estimate how the risks compare with mothers of
children without these disabilities.

We achieved each of the above objectives.

Methods
Study population

The study population comprised all women who gave birth to a live child in
Western Australia (WA) in the years from 1983 to 2005. Our de-identified data
were obtained from five state-wide sources. The first was the Midwives Notification
System (MNS) and from here we obtained mothers’ socio-economic status (SES)
and the birth dates of mothers and their babies. Secondly, children’s diagnostic
information, pertaining to the presence of intellectual disability (including type
and level) or ASD (including whether associated with intellectual disability) was
provided by the Intellectual Disability Exploring Answers (IDEA) Database. [13]
Thirdly, from the state mortality registry, we accessed dates and cause of death by
ICD-9 or 10 codes of all mothers in the study population who had died from 1983
to 2010. Lastly, in order to explore the effect of a psychiatric disorder on
mortality, we accessed data-sets from the Mental Health Information Service
(MHIS) and the Hospital Morbidity Data System (HMDS). We linked all data-
sets by using a unique alpha-numeric identifier created for each mother by WA’s
Data Linkage Unit. [14]

Maternal groups

Initially, we formed the six core case groups of ‘mild intellectual disability of
unknown cause’, ‘severe intellectual disability of unknown cause,” Down
syndrome, ‘intellectual disability of known cause (not Down syndrome)’, ASD
with intellectual disability and ASD without intellectual disability. All children
who had ASD with intellectual disability were considered only as an ASD case
group and not as an intellectual disability case group. These were termed ‘core
case groups’. We chose these groups carefully as inappropriate grouping would
mask differential mortality within a sub-group. For example, it was important to
separate the mothers of children with Down syndrome from the mothers of
children with other intellectual disability of known cause. Firstly, this was because
Down syndrome is the most common known cause of intellectual disability.
Secondly, not being an inherited disorder, mothers would not have any related,
genetically determined effects on their health as might occur with other conditions
such as Fragile X or neurofibromatosis. Thirdly, the mothers of children with
Down syndrome have not experienced a particular exposure (such as heavy
alcohol consumption or severe anaemia) which might be associated with their
child’s disability and which might also impact their mortality. The comparison
group consisted of all mothers with no child with intellectual disability or ASD.

PLOS ONE | DOI:10.1371/journal.pone.0113430 December 23, 2014 3/15
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Next, we combined selected core case groups to form two composite case groups,
mothers of children with intellectual disability (excluding those with ASD and
comorbid intellectual disability), and mothers of children with ASD (including
those with ASD and comorbid intellectual disability). We formed a third group,
mothers of children with either intellectual disability or ASD, by combining the
two composite case groups. These provided larger numbers for analyses as
required. Each mother was assigned an index child and in mothers of children
with intellectual disability or ASD, the index child was their eldest child with a
disability born from 1983 to 2005. In the comparison group, the index child was
the eldest child born from 1983 to 2005. Mothers were assigned to a case group
according to the disability of their index child. In Fig. 1, the comparison,
composite and core case groups and their inter-relationships are shown.

Analyses

Using Kaplan-Meier analysis, [15] we calculated the survival rates of mothers of
children with any intellectual disability, any ASD and no intellectual disability or
ASD. All survival curves were tested for differences using the log-rank test for
equality of survivor functions.

We tested the Proportional Hazards Assumption [16] with the dependent
variable for the six core case groups and where failure was ‘Death by any cause’
and each of the primary cause of death categories. No hazard curve varied
significantly from the base-line curve with respect to proportionality. Hence, we
concluded that our data were suitable for Cox Regression analysis.

Maternal age and SES are related to both the risk of intellectual disability, [17]
ASD [17] and death [18] and hence we adjusted for these potential confounders.
We created a three level variable for age at the index birth: ‘Less than 20 years’, 20
to 35 years’ and ‘35 years or more’. Socio-economic status was measured by a
three-level variable calculated from the Indices of Relative Socioeconomic
Disadvantage [19] for 2001 which uses residence grouped by the unit termed
‘collection district’. For mothers where this was not available, we used the same
index but with measures from 1996 or 2006 or a similar index for 2001 which used
‘Statistical local areas’ although larger than collection districts. In our variable,
‘low’ pertained to the most disadvantaged quartile of scores, ‘medium’ to the
inner two quartiles and ‘high’ to the most advantaged quartile where we
determined the quartiles from our study population.

Using Cox regression with ‘Death by any cause’ as the event of interest and time
measured as the number of years since the index birth, we calculated the hazard
ratios for death by maternal case group compared to the comparison group. The
period at risk extended from the date of the index birth until death or 31*
December, 2010, whichever came first. We calculated unadjusted hazard ratios
and hazard ratios adjusted for each and both of maternal age at the index birth
and SES.

PLOS ONE | DOI:10.1371/journal.pone.0113430 December 23, 2014 4/15
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Mothers of all children born from 1983 to 2005

Any ID or ASD &*

[ ID of unknown cause:* ]

|

ID known cause’*

A 4 A 4

[ Mild or moderate ID® ] [ Severe or profound ID® ] [ ID known cause (~ Down)® ] [ Down syndrome® ] [ ASD w/out ID® ] [ ASD with ID® ]

Fig. 1. Comparison group, composite and core case groups.

doi:10.1371/journal.pone.0113430.9001

Effect of a psychiatric disorder

We created a binary variable with the level of ‘Yes’ for women who had had an
outpatient clinical psychiatric contact or a hospital admission in relation to a
psychiatric diagnosis in WA during their life-time. Using the Kaplan-Meier
method, we compared the survival rates in mothers according to the existence of
both a psychiatric disorder and the disability status of the index child. We also
calculated the hazard ratios for ‘Death by any cause’ for each of the three case
groups and compared to mothers of children with no intellectual disability or
ASD and no psychiatric disorder.

Cause of death

We grouped the causes of death into the twelve categories of Infections or
parasites, Cancer, Diabetes, Cardiovascular diseases, Respiratory diseases,
pneumonia and influenza, Digestive diseases, Kidney diseases, Pregnancy
complications, Misadventure, Other causes, Genetic and congenital disorders and
Mental disorders. The first ten of these were formed from the 38 groups of the
ICD-10 Cause of death codes. [20] The remaining two, Genetic and congenital
disorders and Mental disorders were added as death was associated with these
disorders for 59 mothers. The ICD codes pertaining to each diagnostic category
are in S1 Table. We performed Cox Regression analyses where ‘failure’ was death
attributed to each of the three largest causes of death categories. In turn, we used
each of the three largest case groups: mothers of children with intellectual
disability; mothers of children with intellectual disability and/or ASD and mothers
of children with ASD as independent variables. Again, the period at risk extended
until death from any cause or the end of the study period, whichever occurred
first. The base level was the comparison group and we adjusted for maternal age at
index birth and SES. STATA 12 was used for all analyses.

PLOS ONE | DOI:10.1371/journal.pone.0113430 December 23, 2014 5/15
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Ethics statement

This study was approved by the Western Australian Department of Health
Human Research Ethics Committee (#2011/64). Informed consent was not
required from participants as all data were de-identified prior to the
commencement of analysis.

Results

Study population

The original data-set contained the records of 300,123 mothers and of these 3,693
(1.2%) had died before 2011. Their mean age of death was 42 years and their ages
at death ranged from 16 to 74 years. The maternal age at the index birth and SES
of these women are given by maternal groups in Table 1.

Survival rates and death by any cause
Twenty-five years after the birth of their index child, the survival rates of mothers
of children with no intellectual disability and no ASD were about 98%, followed
by 96% for mothers of children with ASD and 95% for mothers of children with
intellectual disability. Mothers in both the intellectual disability (log-rank p-value
=0.00005) and ASD (log-rank p-value =0.0436) case groups had significantly
poorer survival than comparison mothers. The survival curves are in Fig. 2.
Before adjustment, all core case groups had greater risk of death by any cause.
During the study period, mothers of children with intellectual disability of known
cause (not Down syndrome) [2.31(95% CI: 1.6, 3.3)] and mothers of children with
mild intellectual disability [2.29(95% CI: 1.9, 2.7)] had the highest risk of death by
any cause. Mothers of children with Down syndrome [1.36(95% CI: 0.7, 2.7)] and
mothers of children with severe intellectual disability [1.31(95% CI: 0.6, 2.9)] had
the lowest risk of case mothers. In the final model, we adjusted for both maternal
age at the index birth and SES. All hazard ratios were slightly attenuated and
remained greater than one. Hazard ratios for the mothers of children with
intellectual disability of known cause (not Down syndrome) [2.27(95% CI: 1.6, 3.3)],
mothers of children with mild intellectual disability [2.24(95% CI: 1.9, 2.6)], and
mothers of children with ASD and intellectual disability [1.71(95% CI: 1.02, 2.8)]
were significant. (Fig. 3)

Effect of a psychiatric disorder

We compared the survival of mothers with and without a psychiatric disorder and
according to the disability status of their index child. Twenty-five years after the
index birth, the survival rates of the comparison group and three case groups, in
descending order, were as follows. Mothers with no psychiatric disorder and no
child with intellectual disability or ASD had the highest survival rate of about
98.5%. Mothers with no psychiatric disorder and a child with intellectual
disability had a 98% chance of survival. Mothers with a psychiatric disorder and

PLOS ONE | DOI:10.1371/journal.pone.0113430 December 23, 2014 6/15
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Table 1. Demographic and psychiatric characteristics of the study population by number and percentage of maternal group.

No ID or ASD | Mild ID
(Comparison | (unknown

Characteristic | group) cause)
MATERNAL AGE AT THE INDEX BIRTH
Less than 20 N=22,042 N=607
years 7.6% 10.7%
20 - 34 years  N=235,644 N=4,476
81.2% 79.0%
35 years or N=32,662 N=584
more 11.2% 10.3%
SOCIO-ECONOMIC STATUS
Low N=64,570 N=2,297
22.2% 42.3%
Medium N=144,610 N=2,466
49.8% 43.5%
High N=72,380 N=687
24.9% 12.1%
Missing 8.788 3.0% 117 2.1%

EXISTENCE OF A PSYCHIATRIC DISORDER

Yes N=50,585 N=2,018
17.4% 35.6%
TOTAL 290,348 5,667

Severe ID
(unknown
cause)

N=26 7.1%

N=283
77.7%

N=55
15.1%

N=129
35.4%

N=167
45.9%

N=56
15.4%

12 3.3%

N=113
31.0%

364

Down
syndrome

N=17 2.9%

N=365
62.7%

N=200
34.4%

N=115
19.8%

N=305
52.4%

N=156
25.1%

27 2.4%

N=120
20.6%

582

N=89
7.9%

N=869
77.5%

N=163
14.5%

N=374
33.4%

N=522
46.6%

N=319
22.7%

32 2.3%

N=387
34.5%

1,121

N=739
9.6%

N=5,993
77.5%

N=1,002
13.0%

N=2,915
37.7%

N=3,460
44.7%

N=1,218
15.7%

188 2.4%

N=2,638
34.1%

7,734

ASD with ID|

N=52 3.7%

N=1,080
76.7%

N=276
19.6%

N=351
24.9%

N=706
50.1%

N=319
22.7%

322.3%

N=365
25.9%

1,408

N=28
4.4%

N=494
78.0%

N=111
17.5%

N=144
22.8%

N=320
50.6%

N=150
23.7%

N=19
3.0%

N=184
29.1%

633

N=80 3.9%

N=1,574
77.1%

N=387
19.0%

N=495
24.3%

N=1,026
50.3%

N=469
23.0%

N=512.5%

N=549
26.9%

2,041

N=819
8.4%

N=7,567
77.4%

N=1,389
14.2%

N=3.410
34.9%

N=4,486
45.9%

N=1,687
17.3%

N=239
2.4%

N=3,187
32.6%

9,775

N=22,861
7.6%

N=243,211
81.0%

N=34,051
11.3%

N=68,080
22.7%

N=149,096
49.7%

N=73,936
21.4%

N=9.011
3.0%

N=53,772
17.9%

300,123

ID, intellectual disability; ASD, autism spectrum disorder; Mild ID, Mild or moderate intellectual disability; Severe ID, Severe or profound intellectual disability; Down, Down syndrome.

doi:10.1371/journal.pone.0113430.t001
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Fig. 2. Kaplan-Meier survival rates of mothers of children with no intellectual disability or ASD, mothers of children with intellectual disability and
mothers of children with ASD.

doi:10.1371/journal.pone.0113430.9002
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Fig. 3. Adjusted* hazard ratios for death by maternal case group.
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no child with intellectual disability had a 95% chance of survival while mothers
with a psychiatric disorder and a child with intellectual disability or ASD had a
survival rate of about 90% (all associated p-values <0.00005). See Fig. 4. Mothers
with both a psychiatric disorder and a child with intellectual disability or ASD had
about six and a half times the risk of death and those with a psychiatric disorder
and no child with intellectual disability or ASD had about four times the risk of
death. Mothers with no psychiatric disorder but a child with intellectual disability
or ASD had a 52% increased risk of death.

Cause of death

The three primary causes of death in our cohort were cancer (N=1,452),
misadventure (N=843) and cardiovascular diseases (N=433). The ICD-9 and 10
codes for each of the ‘cause of death’ categories are in S1 Table. Elevated hazard
ratios for death due to cancer ranged from 1.41(95% CI: 1.1, 1.8) for mothers of
children with intellectual disability, and 1.54(95% CI: 0.8, 2.9) for mothers of
children with ASD. The hazard ratios for dying of a cardio-vascular disease was
2.6(95% CI: 1.8, 3.9) in mothers of children with intellectual disability and
2.52(95% CI: 1.7, 3.7) in mothers of children with intellectual disability or ASD.
For death by misadventure, hazard ratios were significantly increased for mothers
of children with intellectual disability or ASD [1.75(95% CI: 1.3, 2.4)] and

PLOS ONE | DOI:10.1371/journal.pone.0113430 December 23, 2014 9/15



@'PLOS | ONE

Early Death in Mothers of Children with Disabilities

Table 2. Mothers experiencing death by case group and cause with hazard ratios and 95% confidence intervals for primary causes of death.

Comparison group

tellectual Any intellectual Any intellectual disability
Category disability or ASD dlsablllty Any ASD or ASD Total

Infections or parasites N=46

Cancer N=1,587 1.41 (1.1, 1.8) N=55 1.54 (0.8, 2.9)N=10 1.42 (1.1, 1.8) N=65 1,652
Diabetes N=59 N=6 N=0 N=6 65
Cardiovascular diseases N=404 2.6 (1.8, 3.9) N=26 N=3 2.52 (1.7, 3.7) N=29 433
Respiratory diseases, pneumonia  N=109 N=6 N=1 N=7 116
and influenza

Digestive diseases N=121 N=16 N=1 N=17 138
Kidney diseases N=14 N=6 N=0 N=6 20
Pregnancy complications N=17 N=1 N=1 N=2 19
Misadventure N=797 1.95 (1.4, 2.7) N=43 N=3 1.75 (1.3, 2.4) N=46 843
Genetic and congenital disorders N=18 N=1 N=2 N=3 21
Mental disorders N=34 N=4 N=0 N=4 38
Other causes N=273 N=24 N=3 N=27 300
Total N=3,479 N=190 N=24 N=214 3,693

ASD, autism spectrum disorder; Mild intellectual disability, Mild or moderate intellectual disability of unknown cause; Severe intellectual disability, Severe or
profound intellectual disability of unknown cause; Down, Down syndrome; ~, not; CL, confidence limits.

doi:10.1371/journal.pone.0113430.t002

intellectual disability [1.95(95% CI: 1.4, 2.7)]. All hazard ratios and numbers of
mothers by the case groups of intellectual disability, ASD and intellectual
disability or ASD are shown in Table 2. Analyses were not performed in cells with
numbers of five or less as results would have been unreliable. [15]

Discussion

Risk of death

Mothers from all case groups had an increased risk of death during the study
period. When we adjusted for maternal age at the index birth and SES, all hazard
ratios were reduced but remained elevated, indicating that all case groups had an
increased risk of death independent of their age at the index birth and SES.

Significant hazard ratios for death from any cause were found in mothers of
children with intellectual disability of known cause (not Down syndrome),
mothers of children with mild intellectual disability and mothers of children with
ASD and intellectual disability. This suggests that these mothers were the most
vulnerable to death of all the case groups during the study period.

The higher risk of death in the mothers of children with intellectual disability of
known cause (not Down syndrome) may be due to the fact that some of these
mothers have a genetic disorder, such as neurofibromatosis or Fragile X syndrome
which was inherited by their child. [21] Associated comorbidities such as arterial,
vascular and malignant neoplasms with neurofibromatosis, [22,23] and anxiety,
social phobia, and depression in pre-mutation carriers of Fragile X, may have been
a contributing factor to the early death of these mothers. [24]
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Children with mild intellectual disability may have an undiagnosed, inherited
cause for their disability. In mothers of such children, researchers in US found
various associated medical conditions such as hypertension, diabetes and thyroid
disease. [25] These may have contributed to their mothers’ early deaths.
Furthermore, we previously found that mothers of children with mild intellectual
disability had an increased risk of epilepsy and asthma which may have also
affected their mortality. [21] The higher mortality of mothers of children with
ASD might be mediated by their higher risk of hospitalisation for a psychiatric
disorder [26] or their increased stress. [27] Some maternal conditions such as
diabetes and epilepsy also increase the risk of ASD in subsequent offspring. For
example, women with diabetes were found to have nearly three times the risk, and
women with epilepsy, around four times the risk of a subsequent child with ASD.
[21] The higher risk of death in these mothers could relate to the increased
prevalence of these conditions. Both smoking [28] and obesity [29] increase the
mortality risk and could be mediators of the increased risks we identified in
mothers of children with intellectual disability and ASD. We know that increased
smoking is associated with higher levels of stress [30] and obesity with less
exercise. [31] Mothers of children with ID or ASD have been shown to experience
greater stress [32,33]and one might expect that these time-poor women [34] also
exercise less.

Researchers report that mothers of children with Down syndrome have less
stress and increased subjective well-being than mothers of children with other
forms of intellectual disability or ASD. [6, 35, 36] Furthermore, mothers of
children with Down syndrome would not have health issues which are genetically
related to their children’s disability. Consistent with these factors, our results
indicated that these mothers had the lowest risk of death during the study period
of all case groups.

Effect of a psychiatric disorder

Psychiatric disorders were more prevalent in all case groups than in the
comparison group. The increased prevalence ranged from 18% higher in mothers
of children with Down syndrome to about 50% higher in mothers of children
with ASD and intellectual disability to more than double in mothers of children
with mild ID (Table 1). Compared to mothers with no psychiatric disorder and
no child with intellectual disability or ASD, we found that the poorest survival was
in mothers with both a psychiatric disorder and a child with intellectual disability
or ASD. We also showed that having a psychiatric disorder had greater impact on
mortality than having a child with intellectual disability or ASD.

Cause of death

Research has identified that cancer and stress are positively correlated [37] and
hence the higher risk of death from cancer might be mediated through the higher
levels of stress experienced by these mothers. However, there is also the possibility
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that these mothers have higher mortality from cancer but not a higher incidence.
This could be a result of lower levels of self-care in these women resulting in
reduced participation in cancer screenings for breast, cervical and bowel cancer.
This might result from the increased time constraints they face in the care of their
children with intellectual disability or ASD.

As with cancer, the increased risk of death due to cardiovascular diseases in
mothers of children with intellectual disability or ASD might be caused by
elevated stress levels compared to mothers of children without these disabilities
since stress is also associated with an increased risk of cardiovascular disease. [38]
Other contributing factors might be that women with psychiatric disorders have
lower levels of self-care, including higher levels of smoking, [39] a risk factor for
cardiovascular disease. [40] Furthermore, research has documented increased
rates of this disease in people with a psychiatric illness. [10]

The category, Misadventure includes all causes of death in our data-set related
to homicide, suicide or accident. One might hypothesize that mothers of children
with intellectual disability or ASD are more vulnerable to misadventure because,
due to the care of their child with a disability, they have more challenges in their
everyday lives, [41] more depression, [42] and less sleep, [43,44], known risk
factors for accidents [45] and suicide. [46]

Strengths and weaknesses

Western Australia’s intellectual disability database, IDEA, made our study
possible. Its main strength is the utilisation of data from a complete cohort with
linkage of all relevant information. Further, our study investigates maternal death
objectively and does not rely on the recall of family members for dates or causes of
death. These two factors reduce bias and enhance the accuracy of our results. One
weakness is the smaller numbers of children with ASD that severely limited
analyses for this group in most areas. Another is that the categorisation of
intellectual disability may be incomplete. For example, some children may have
had their condition diagnosed subsequent to registration with the database. This
would result in their mothers being wrongly allocated to the ‘Intellectual disability
of unknown cause’ case groups instead of the ‘Intellectual disability of known
cause (not Down syndrome)’ case group. A final weakness is that our comparison
group would have included a small number of mothers of children with other
disabilities such as blindness and cystic fibrosis. All we know of this group is the
fact that their children have neither intellectual disability nor ASD. This fact
would have attenuated our results.

Summary

All maternal case groups had increased risk of death during the study period.
Mothers with no psychiatric disorder and a child with intellectual disability or
ASD were one and a half times as likely to die while mothers with a psychiatric
disorder and no child with intellectual disability or ASD were more than four
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times as likely to die as mothers with no psychiatric disorder or no child with
intellectual disability or ASD. This suggests that mothers having a psychiatric
disorder has more impact on mortality than her having a child with intellectual
disability or ASD. Cancer, cardio-vascular disease and misadventure were the
three primary causes of death in case mothers. Mothers of children with either
intellectual disability or ASD were between 35% and 40% more likely to die of
cancer during the study period than mothers of children without these disabilities.
They were also two and a half times more likely to die from cardio-vascular
disease and nearly twice as likely to die as a result of misadventure as comparison
mothers. We hypothesize that these increased hazards may be related to the
increased stress of raising a child with these disabilities.

Implications for the future

Apart from the Cancer category, small numbers in the case groups of mothers of
children with ASD prohibited any analyses. We know of no other intellectual
disability data-base. However, pooling our data with corresponding data from
ASD registries from elsewhere might enable a greater understanding of factors
increasing the mortality rates in mothers of children with ASD. In this way,
informed services and preventions might be developed with the aim of improving
the health and survival of these women.

Supporting Information

S1 Table. Cause of death code in mothers by diagnostic category.
doi:10.1371/journal.pone.0113430.s001 (DOCX)
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