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Abstract

Purpose—Suicide is one of the leading causes of maternal mortality in many countries, but little
is known about the epidemiology of suicide and suicidal behavior among pregnant women in the
US. We sought to examine trends and provide nationally representative estimates for suicidal
behavior (including suicidal ideation, and suicide and self-inflicted injury) among pregnant
women from 2006 to 2012 in the US.

Methods—Pregnant women aged 12-55 years were identified through pregnancy- and delivery-
related hospitalization records from the National (Nationwide) Inpatient Sample. Suicidal behavior
was identified by the /nternational Classification of Diseases, Ninth Revision, Clinical
Modification codes. Annual, nationwide estimates and trends were determined using discharge and
hospital weights.

Results—The prevalence of suicidal ideation more than doubled from 2006 to 2012 (47.5 to
115.0 per 100,000 pregnancy- and delivery-related hospitalizations), whereas the prevalence of
suicide and self-inflicted injury remained stable. Nearly 10% of suicidal behavior occurred in the
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12-18-year group, showing the highest prevalence per 100,000 pregnancy- and delivery-related
hospitalizations (158.8 in 2006 and 308.7 in 2012) over the study period. For suicidal ideation,
blacks had higher prevalence than whites; women in the lowest income quartile had the highest
prevalence. Although the prevalence of suicidal behavior was higher among hospitalizations with
depression diagnoses, more than 30% of hospitalizations were for suicidal behavior without
depression diagnoses.

Conclusions—Our findings highlight the increasing burden and racial differences in suicidal
ideation among US pregnant women. Targeted suicide prevention efforts are needed for high-risk
pregnhant women including teens, blacks, and low-income women.

Keywords

suicidal ideation; suicide and self-inflicted injury; pregnant women; National (Nationwide)
Inpatient Sample

Introduction

Prior studies have neglected the issue of suicide and suicidal behavior during pregnancy
because pregnancy and childbirth have been historically described as a time of emotional
wellbeing, and motherhood, in itself, as protective against suicide and suicidal behavior
(Appleby 1991; Gissler et al. 1996; Kendell 1991; Marzuk et al. 1997; Nock et al. 2012).
However, several recent studies have suggested that suicide is one of the leading causes of
maternal mortality in countries including Australia, Sri Lanka, India, Bangladesh, and the
UK (Agampodi et al. 2014; Asad et al. 2010; Austin and Kildea 2007; Chang et al. 2005;
Cockburn and Pawson 2007; Fuhr et al. 2014; Gavin et al. 2011a; Lindahl et al. 2005; Oates
2003; Shadigian and Bauer 2005; Yusuf et al. 2007). Little is known about the epidemiology
of suicide and suicidal behavior among pregnant women in the US (Gold et al. 2012;
Lindahl et al. 2005). Pregnancy is the period when women have frequent interaction with the
health care system, presenting a valuable opportunity for healthcare providers to intervene
promptly if the epidemiology of suicide was better understood (Gold et al. 2012).
Unfortunately, efforts to study suicidal behavior in pregnancy have been hampered by social
stigma and methodological constraints including limited data sources capturing pregnancy
and delivery status of patients with suicidal behavior (Frautschi et al. 1994; Gissler et al.
1996; Gold et al. 2012; Lindahl et al. 2005; Phillips 2014).

Suicidal ideation significantly predicts suicide attempt, and suicide attempt is the greatest
risk factor for completed suicide (Doshi et al. 2005; Kessler et al. 2005; Nock et al. 2012).
Therefore, studying suicidal behavior is crucial for identifying women at the highest risk of
suicide; and doing so will facilitate the development of tailored interventions (Doshi et al.
2005; Scott et al. 2015). Additionally, the prevention of suicidal ideation and suicide attempt
may lead to significant reductions in maternal morbidity and mortality (Doshi et al. 2005).
Moreover, studying suicidal behavior among pregnant women is particularly important
because the potential for harm will not only threaten the pregnancy but also seriously
compromise the future development of infants (Gentile 2011; Huang et al. 2012; Lindahl et
al. 2005). Women who have attempted suicide during pregnancy have higher rates of fetal
loss, premature labor, and cesarean delivery (Czeizel 2011; Czeizel et al. 1997; Gandhi et al.
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2006). Suicidal ideation during pregnancy is associated with inadequate mother-infant
interaction (Gavin et al. 2011; Paris et al. 2009); and infants of mothers who have attempted
suicide during pregnancy are more likely to experience respiratory distress syndrome
(Gandhi et al. 2006).

We sought to examine trends and provide nationally representative estimates for the
prevalence of suicidal ideation, and suicide and self-inflicted injury among pregnant women
in the US using the largest all-payer inpatient care database, the National (Nationwide)
Inpatient Sample (NIS). We examined trends from 2006-2012 for women overall and
stratified by age, race, income, and depression.

As a part of the Healthcare Cost and Utilization Project (HCUP), the NIS is an
administrative database of hospital inpatient stays derived from billing data across the US
(HCUP 2015a; HCUP 2015b). All HCUP-participating hospitals are included in the
sampling frame. Five hospital characteristics — geographic region, ownership, location,
teaching status, and bed size — are used for stratification (HCUP 2015a; HCUP 2015b).
Prior to 2012, within each stratum, a 20% stratified random sample of hospitals in the
sampling frame was drawn (HCUP 2015b). All discharges from sampled hospitals were
included. Beginning with 2012, the NIS was redesigned to improve national estimates, and
within each stratum, a 20% stratified random sample of discharges from all HCUP-
participating hospitals was drawn (HCUP 2015a; HCUP 2015c). Since the data are publicly
available and do not contain personal identifiers, this study is exempt from review by
institutional review boards.

Study population

We included all pregnancy- and delivery-related hospitalizations identified in the 2006-2012
NIS. Among women aged 12-55 years, the identification of pregnancy- and delivery-related
hospitalizations were predicated upon pregnancy- and delivery-related /nternational
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and
procedure codes and Diagnosis-Related Group (DRG) codes (Bryant et al. 2012; Hornbrook
et al. 2007; Kuklina et al. 2008) (eTable 1).

Variable specification

We included suicidal ideation (thoughts of engaging in behaviors intended to end one’s life)
(Nock et al. 2012) and suicide and self-inflicted injury (injuries in suicide, suicide attempt,
and self-inflicted injuries specified as intentional) (WHO and PMIC 1998). ICD-9-CM
diagnosis codes were used to identify hospitalizations with suicidal ideation (\V62.84) and
suicide and self-inflicted injury (E950-959). Since diagnosis code for suicidal ideation was
first introduced in October 2005, we did not use datasets prior to 2006. As we cannot
differentiate between suicidal and non-suicidal self-inflicted injury, the estimates reported
included both types of self-inflicted injuries. Suicidal behavior-related hospitalizations were
defined as hospitalizations with suicidal ideation or suicide and self-inflicted injury.
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Age, race, median household income quartiles for patient zip code, primary payer, length of
stay, and total charges were coded in the NIS. Median household income quartiles for patient
zip code provided a quartile classification estimating income of residents based on the year
of data collection. Depression diagnoses were identified from the same hospitalization
record using ICD-9-CM diagnosis codes listed in eTable 2.

Statistical analysis

Results

The unit of analysis was a hospitalization. For trend analysis, to account for the sampling
design changes in 2012, we used an alternative set of discharge and hospital weights for the
2006 - 2011 datasets, recalculated on the basis of the 2012 sampling design (HCUP 2015c;
HCUP 2015d). This alternative set of weights is recommended to bridge the two different
sampling designs (HCUP 2015c¢; HCUP 2015d). Using weights provided by the datasets,
nationally representative estimates for annual numbers of hospitalizations were reported for
suicidal behavior, suicidal ideation, and suicide and self-inflicted injury among pregnant
women. We calculated the prevalence per 100,000 pregnancy- and delivery-related
hospitalizations for suicidal behavior, suicidal ideation, and suicide and self-inflicted injury.
To test linear trends across the seven years, we used orthogonal polynomial coefficients
calculated recursively (Research Triangle Institute 2014) to generate linear contrasts.

For suicidal behavior-related hospitalizations, we examined the distributions of socio-
demographic characteristics, length of stay, total charges, and depression status in each year.
Total charges were adjusted for inflation to reflect 2012 dollars (Federal Reserve Bank of
Minneapolis 2015). We compared the distributions of aforementioned characteristics
between 2006 and 2012 by performing Wald Chi-square and #tests. We plotted the
prevalence of suicidal behavior per 100,000 pregnancy- and delivery-related hospitalizations
according to age, race, income, and depression. For plots related to race, we performed
direct age standardization using the 2000 standard US population (National Cancer Institute
2015).

All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA) and SAS-
callable SUDAAN software (version 11.0.1, RTI International, Research Triangle, NC,
USA). Figures were plotted using R 3.1.0 (package “ggplot2”) and Plot.ly. Statistical
significance was set at two-sided P<0.05. We used the Odyssey cluster supported by the
Research Computing Group, Harvard University.

The prevalence of suicidal ideation more than doubled from 2006 - 2012 (47.5 vs. 115.0 per
100,000 hospitalizations). A significant linear increase was observed for the prevalence of
suicidal behavior (P<0.00001), but not for suicide and self-inflicted injury (P=0.57) (Table 1,
eFigure 1). The increase in suicidal behavior-related hospitalizations was largely driven by
the increase of suicidal ideation-related hospitalizations.

The characteristics of pregnant women with suicidal behavior-related hospitalizations are
shown in Table 2. The mean age of women with suicidal behavior was approximately 26
years. More than one-third of suicidal behavior-related hospitalizations occurred in the
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19-24-year age group (34.5% in 2006 and 37.6% in 2012); and nearly 10% occurred in the
12-18-year age group (12.7% in 2006 and 9.4% in 2012). Among the six racial groups, an
increase in the proportion of whites was seen from 40.6% in 2006 to 45.2% in 2012; the
largest proportion increase was seen among blacks (18.0% in 2006; 26.4% in 2012). The
proportion of women in the lowest income quartile increased (33.5% in 2006; 39.1% in
2012) while the proportion of women in the highest income quartile decreased (17.3% in
2006; 14.0% in 2012). Medicaid and private insurance were the expected primary payer for
nearly 80% of women. Among suicidal behavior-related hospitalizations, the proportion of
hospitalizations with depression diagnoses was 69.6% in 2006 and in 2012 declined to
61.4% (P=0.001).

The prevalence of suicidal behavior per 100,000 pregnancy- and delivery-related
hospitalizations according to age groups is presented in Figure 1. In general, across the six
age groups, the more recent the year, the higher the prevalence for suicidal behavior and
suicidal ideation, but not for suicide and self-inflicted injury (Figure 1, eTable 4). The
highest prevalence was consistently observed in the 12-18-year age group. The largest
numbers of pregnant women with suicidal behavior-related hospitalizations were
consistently observed in the 19-24-year age group.

We focused on blacks and whites, the two racial groups with relatively high prevalence and
larger populations. Figure 2 shows the prevalence of suicidal behavior per 100,000
pregnancy- and delivery-related hospitalizations (age-standardized). Across the study period,
black women had higher prevalence of suicidal behavior, increasing from 148.3 per 100,000
hospitalizations in 2006 to 216.3 in 2012 (eTable 5); the prevalence among white women
was 125.6 per 100,000 hospitalizations in 2006 and 148.5 in 2012. A similar pattern was
seen for suicidal ideation (Figure 2, eTable 5a). For suicide and self-inflicted injury, no
material difference was noted for black and white women (eTable 5b).

For suicidal behavior and suicidal ideation, increasing trends in prevalence were generally
observed for all income quartiles (eFigure 2). Lower income showed a higher rate of
increase in prevalence with the most striking increase seen in the lowest income quartile
from 94.3 per 100,000 hospitalizations in 2006 to 193.3 in 2012 (eTable 6). The highest rate
of increase was observed during the period of 2007-2008. For suicide and self-inflicted
injury, hospitalizations in the lowest income quartile had higher prevalence than those in the
highest income quartile.

To demonstrate the effects of both race and income on suicidal behavior, we calculated the
prevalence (age-standardized) from the lowest and the highest income quartiles for black and
white women (Figure 3, eTables 7/7a/7b). Overall, for suicidal behavior, black women had
higher prevalence than white women; those in the lowest income quartile had higher
prevalence than women in the highest income quartile. Among the four racial-income
groups, black women in the lowest income quartile had the highest prevalence of suicidal
behavior per 100,000 hospitalizations: 164.3 in 2007, 258.6 in 2008, 235.4 in 2009, 279.2 in
2010, 532.3 in 2011, and 300.6 in 2012 (eTable 7). For suicidal ideation, black women in the
lowest income quartile had the highest prevalence across the seven-year study period (eTable
7a). However, for suicide and self-inflicted injury, no consistent pattern was observed.
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We plotted the prevalence of suicidal behavior among three groups: 1) all pregnancy- and
delivery-related hospitalizations; 2) hospitalizations with depression diagnoses; and 3)
hospitalizations without depression diagnoses (Figure S3). The prevalence of suicidal
behavior, suicidal ideation, and suicide and self-inflicted injury was higher among
hospitalizations with depression diagnoses (eTables 8, 8a, 8b).

Discussion

The analysis of pregnancy- and delivery-related hospitalizations revealed a substantial
increase in the prevalence of suicidal ideation from 2006-2012 while the prevalence for
suicide and self-inflicted injury was stable. Women in the 12-18-year age group had the
highest prevalence of suicidal ideation and suicide and self-inflicted injury. For suicidal
ideation, black women had higher prevalence than white women; women in the lowest
income quartile had the highest prevalence and the highest rate of increase; black women in
the lowest income quartile had the highest prevalence. The prevalence of suicidal behavior
was higher among hospitalizations with depression diagnoses.

During the seven-year study period, the number of suicidal ideation-related hospitalizations
more than doubled. However, the increasing usage of the ICD-9-CM diagnosis code V62.84
for suicidal ideation introduced in 2005 may only explain some of increase for suicidal
ideation-related hospitalizations since an increasing trend in suicide was also seen in the US
over the study period (Centers for Disease Control and Prevention 2015). We speculate that
the increase might also be accounted for by more frequent help-seeking behaviors among
preghant women or changing patterns of major risk factors for suicidal ideation such as
psychiatric disorders and substance abuse. Nonetheless, it remains unclear if any of these
factors are related to the increasing number of suicidal ideation among pregnant women. We
did not observe a parallel increase in suicide and self-inflicted injury, highlighting the
necessity to understand which factors predict transition from suicidal ideation to attempt
(Nock et al. 2012) during pregnancy. More research is needed to investigate whether
pregnancy might be associated with better control of impulse and aggression, possibly
resulting in fewer suicide attempt (Appleby 1991; Lowry et al. 2014).

Compared with women in other age groups, pregnant teens in the 12-18-year age group
consistently showed the highest prevalence of suicidal ideation and suicide and self-inflicted
injury. Considering that pregnancy among teens are more likely to be mistimed and/or
unwanted (Appleby 1991), pregnant teens may be more prone to stigmatization related to
premarital pregnancy, financial difficulties, loss of educational and employment opportunity,
and barriers to safe abortion, possibly leading to antepartum suicidal behavior (Appleby
1991; Cockburn and Pawson 2007; Frautschi et al. 1994; Pinheiro et al. 2012). Notably,
Silverman suggested that intimate partner violence may play an important role in
predisposing teens to suicide and suicidal behavior (Silverman et al. 2001). Programs aimed
at reducing teen pregnancy and intimate partner violence may mitigate suicidal behavior in
this vulnerable population.

Our findings highlight a racial disparity that warrants further study. We found that blacks
had higher prevalence of suicidal ideation than whites across the seven-year study period,
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although there was no difference between the two groups for suicide and self-inflicted
injury. Among non-pregnant populations, investigators have reported inconsistent results
regarding racial differences in suicide and suicidal behavior (Doshi et al. 2005; Gibbs 1997;
Kessler et al. 1999; Moscicki et al. 1988; Perez-Rodriguez et al. 2008; Rockett et al. 2006;
Shaffer et al. 1994; Ting et al. 2012). A study conducted in a US university-affiliated
obstetric clinic showed that white women had decreased risks of antepartum suicidal
ideation compared with non-whites, although the association was thought to be confounded
(Gavin et al. 2011). Other investigators, using nationally representative samples of non-
pregnant women and men, have found no racial differences in the risk of suicide ideation
(Kessler et al. 2005; Perez-Rodriguez et al. 2008). Among blacks, the higher prevalence of
poverty, racism, low education, diagnostic and treatment bias (Nelson et al. 2002) may
contribute to observed racial disparity in suicidal behavior. Additionally, black women had
higher prevalence of prenatal depression (Orr et al. 2006), but were less likely to initiate
treatment and receive follow-up treatment among those who initiate treatment (Kozhimannil
et al. 2014). Observed racial differences in suicide and suicidal behavior will have important
implications in suicide prevention efforts given that one of the core objective of the Patient
Protection and Affordable Care Act is reducing racial disparities. Considering that the racial
diversity of the US will continue to increase (Perez-Rodriguez et al. 2008), further studies
are needed to understand the distinctive roles that race may play in the etiology and
expression of suicide and suicidal behavior, and identify common and specific risk and
protective factors among pregnant women across these groups. Culturally-informed
prevention programs should be tailored to meet the needs of black pregnant women,
especially those among the lowest income quartile.

Growing evidence has documented an association of suicide and suicidal behavior with low
income at both the individual and national levels (Economou et al. 2013; Gunnell et al.
1999; Lorant et al. 2005; McMillan et al. 2010; Pagura et al. 2008). We found that women in
the highest income quartile had the lowest prevalence of suicidal behavior and women in the
lower income quartiles had a higher rate of increase over the study period, suggesting that
low income pregnant women were representative of a high-risk population among whom
screening for suicidal behavior should be taken into account (Mauri et al. 2012).

Hospitalizations with depression diagnoses had higher prevalence of suicidal behavior.
Consequently, identifying women at risk for antenatal depression is vital for detecting
women with comorbid suicidal ideation and suicide and self-inflicted injury (Gavin et al.
2011). Women with positive screening results for depression during perinatal visits should
be closely monitored for suicidal behavior. Future research should examine whether the
treatment of underlying depression reduces suicidal behavior during pregnancy.

Nearly one-third of suicidal behavior-related hospitalizations happened without the presence
of depression diagnoses, and this proportion has increased by more than 8% from 2006 to
2012, indicating that the occurrence of suicidal behavior cannot completely be explained by
the occurrence of depression. In prenatal care clinics, screening for suicidal behavior is
needed for women both with and without depression (Zhong et al. 2014).
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Our findings should be considered in the context of several important limitations. First, we
identified suicidal behavior through administrative codes (ICD-9-CM and DRG), which
suffered from error, and lack of temporal information and clinical content (Bates et al. 2003;
Perlis et al. 2012). Psychiatric disorders were often under-coded and suicidal behavior was
very likely to be underreported (Fischer et al. 2008; Kessler et al. 2005; Perlis et al. 2012).
The effect of these factors combined was to make our estimates more conservative. Future
studies using methods that does not rely on administrative codes such as natural language
processing (Jha 2011; Murff et al. 2011) are needed to confirm whether the increase in
suicidal ideation was an artifact of the recent introduction of the VV62.84, and to accurately
identify cases. Second, we cannot distinguish between suicidal and non-suicidal self-
inflicted injury based on the ICD-9-CM E codes (E950-E959). Hence, potential
misclassification may partially account for our inability to observe an increase in suicide and
self-inflicted injury. However, according to a study conducted among adolescents treated
with antidepressants, the E codes for suicide and self-inflicted injury had a notably positive
predictive value of 82.6% for confirmed suicidal behavior (Callahan et al. 2013). Non-
suicidal self-inflicted injury may also heighten risk for future suicidal behavior (Scott et al.
2015). Third, we did not present data about methods for suicide and self-inflicted injury
used by pregnant women. Understanding the impact of the availability and acceptability of
suicide methods on suicide behavior would be helpful to guide the development of
prevention strategies.

Conclusions

This study provides the first description of nationally representative estimates for suicidal
behavior among pregnant women in the US. Pregnancy is the period when immediate
interventions should be indicated for the life and health of both mother and offspring. Our
results identify high-risk populations for suicidal behavior that should be recognized,
diagnosed, and appropriately intervened. The study highlights the increasing burden and
important racial differences in suicidal ideation. Factors that predict the transition from
suicidal ideation to suicide attempt during pregnancy should also be explored to understand
the disproportional increase in suicidal ideation. Future studies are needed to understand the
distinctive roles that race plays in the etiology and expression of suicidal behavior and
identify risk factors that may be especially relevant to black pregnant women’s engagement
in suicidal behavior. The information gained from such studies can further the efforts to
develop tailored, culturally-informed prevention programs for black pregnant women,
particularly those with lower income. Our study also illustrates the need for special attention
to pregnant teens given the consistently high prevalence of suicidal behavior; programs
aimed at reducing teen pregnancy and intimate partner violence may mitigate suicidal
behavior. Moreover, it is critical to consider the public health implications of the finding that
nearly one-third of suicidal behavior-related hospitalizations happened without depression.
While routine screening for antenatal and postpartum depression becomes a standard of care,
specific attention should be paid to suicidal behavior during these periods (Lindahl et al.
2005; Zhong et al. 2014).
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Suicidal behavior-related hospitalizations per 100,000 hospitalizations according to age

groups among pregnant women, United States, 2006-2012
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