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Abstract

The prevalence of suicidal thoughts and behaviors increases dramatically across the transition to
puberty, particularly among adolescent girls. Yet we know little about why adolescent girls are at
heightened risk, or when girls may be most likely to consider or engage in suicidal behavior. In
this article, we outline evidence supporting a role for the menstrual cycle in the onset of and
fluctuations in adolescent girls’ suicide risk. This emerging framework outlines developmental
(i.e., biological, social, and cognitive) characteristics that might place certain girls at higher risk
(e.g., between-subjects factors), as well as potential mechanisms that occur during the
perimenstrual phase of the menstrual cycle (i.e., within-subjects factors) that increase adolescent
females’ increased risk for suicide.
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Suicide is the second leading cause of death among adolescents in the United States.
According to epidemiological studies, suicidal thoughts and behaviors rise exponentially
during adolescence (Nock et al., 2013). Although more adolescent boys than girls die by
suicide, these thoughts and behaviors are more prevalent among adolescent girls than among
adolescent boys (Nock et al., 2013). Approximately 22% of U.S. adolescent girls report
suicidal ideation (compared to almost 12% of adolescent boys), and 9.3% attempt suicide
each year (compared to 5.1% of adolescent boys; Kann et al., 2018). We have little data to
understand why suicidal thoughts and behaviors increase during adolescence, why girls are
at greater risk, and when girls are most likely to experience these thoughts and behaviors.

In this article, we posit that suicidal thoughts and behaviors among females are associated
with neurobiological sensitivity to hormone changes across the menstrual cycle. Specifically,
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we describe a framework that hypothesizes that exposure to normal hormone flux during the
weeks before and during menses (i.e., the perimenstrual weeks) is associated with a rapid
co-escalation of physical symptoms, negative affect, deficits in inhibitory control, and
perhaps especially important, painful and disruptive social experiences; these hormone-
related symptoms may individually or together increase acute risk for suicidal thoughts and
behaviors in at-risk girls. Our framework explains why girls are at greater risk for these
thoughts and behaviors during adolescence than boys, which girls may be at especially high
risk (i.e., between-subjects factors), and what mechanisms may explain an association
between the perimenstrual phase (i.e., within-subjects factors) and adolescent females’
increased risk for suicide.

THE MENSTRUAL CYCLE AND SUICIDE

The onset of menses and cycling hormones represent a promising but understudied risk
factor for suicidal thoughts and behaviors in adolescents. For most girls, adolescence is
characterized by the onset of menses and associated fluctuations in estrogen and
progesterone across the menstrual cycle (see Figure 1). However, not all females experience
the menstrual cycle similarly; decades of observational and experimental studies have
demonstrated staggering (and poorly understood) individual differences in cyclical hormone
sensitivity, defined as the extent to which females experience emotional, behavioral, and
physical symptoms across the menstrual cycle (reviewed in Wei, Schiller, Schmidt, &
Rubinow, 2018).

Hormone sensitivity may manifest in several ways. The most severe manifestation is
exemplified in Premenstrual Dysphoric Disorder (PMDD), a psychiatric diagnosis
introduced in the Diagnostic and Statistical Manual of Mental Disorders—5th ed. (American
Psychiatric Association, 2013), characterized by distressing or impairing emotional,
behavioral, and physical symptoms only in the luteal phase (i.e., 2 weeks before menses),
with symptoms remitting almost entirely in the follicular phase (i.e., the time period from
menses through ovulation). While 3-8% of women suffer from PMDD, 20% may
experience some clinically significant symptoms (Halbreich, Borenstein, Pearlstein, &
Kahn, 2003). Prevalence rates may be comparable or slightly higher among adolescents; in
one study, 8% of adolescents met diagnostic criteria for PMDD, whereas an additional 42%
experienced clinically significant symptoms (Czajkowska, Drosdzol-Cop, Gatazka,
Naworska, & Skrzypulec-Plinta, 2015). Far more women may experience perimenstrual
exacerbation (PME) of underlying disorders in which chronic symptoms worsen in the
premenstrual or menstrual weeks; for example, 60% of women with depressive disorders
show PME in daily ratings (Hartlage, Brandenburg, & Kravitz, 2004). Few studies have
examined either type of hormone sensitivity in adolescence, despite compelling evidence
that hormone cycling can increase numerous risk factors for suicidal thoughts and behaviors
among adolescent females.

For instance, research strongly supports the association between the perimenstrual phase and
acute risk for suicidal thoughts and behaviors. In adults, these occur most frequently during
the perimenstrual phase; in 17 of 26 cross-sectional studies, suicide attempts were more
likely in the perimenstrual phases of the cycle than in other phases (Owens & Eisenlohr-
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Moul, 2018; Saunders & Hawton, 2006). These studies primarily used self-reports of
menstrual bleeding dates before and after psychiatric hospitalization. Results are similar for
occurrence of suicidal ideation: Studies of calls to suicide hotlines have identified a positive
association between ideation and the perimenstrual period (e.g., Wetzel, Reich, & McClure,
1971).

Several emerging lines of work have begun to demonstrate these links among adolescent
girls. First, dramatic increases in suicidal thoughts and behaviors occur among adolescent
females during the same period of time when most experience menarche (Nock et al., 2013).
The prevalence of these thoughts and behaviors in females declines again after menopause,
when hormone cycling ends (Mendle, Eisenlohr-Moul, & Kiesner, 2016). Second,
perimenstrual mood changes may be even more prevalent among adolescent girls than in
adults, and women reporting severe perimenstrual changes generally report that symptoms
began during adolescence (reviewed in Rapkin & Mikacich, 2013). Finally, risk factors
associated with adolescents’ suicidal thoughts and behaviors are linked with the menstrual
cycle (which we address later).

A DEVELOPMENTAL CONTEXT

Several developmental (i.e., biological, social, cognitive) characteristics may explain why
adolescence marks the onset of heightened risk for suicidal thoughts and behaviors,
particularly among females. First, adolescents may experience frequent cyclical hormone
fluctuations, occurring over the course of the day, the menstrual cycle, and with pubertal
development (Janfaza, Sherman, Larmore, Brown-Dawson, & Klein, 2006). Although more
work is needed to understand more fully the immature adolescent cycle, frequent fluctuation
in hormone levels may be related to more acute changes in the risk for suicide, since
hormone changes trigger suicide-relevant symptoms in adults with PMDD (e.g., Schmidt et
al., 2017).

Second, while healthy adult menstrual cycles range from 21 to 35 days, cycles in
adolescence are more variable, ranging from 21 to 45 days during the first gynecologic year
(reviewed in American Academy of Pediatrics Committee on Adolescence, American
College of Obstetricians and Gynecologists Committee on Adolescent Health Care, Diaz,
Laufer, & Breech, 2006). This is due in part to the greater risk of anovulatory cycles (cycles
in which ovulation does not occur), which reduces with advancing gynecologic age
(American Academy of Pediatrics Committee on Adolescence et al., 2006). Given that
ovulation drives the hormone fluctuations that cause perimenstrual emotional symptoms
(e.g., Hammarbéck, Ekholm, & Backstrom, 1991), irregularity in ovulation may contribute
to unpredictability in symptoms. This could increase the risk for suicidal thoughts and
behaviors in susceptible adolescents, since variability in symptoms of depression predicts
suicide attempts (Melhem et al., 2019). Thus, adolescence is characterized not only by the
start of menstruation, but also by frequent hormone fluctuation and unpredictability in
hormone fluctuation that could confer greater risk.

Adolescence also is characterized by marked changes in social experiences, especially
among females, including significant increases in the occurrence of interpersonal stress (Ge,

Child Dev Perspect. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Owens et al.

Page 4

Lorenz, Conger, Elder, & Simons, 1994) and in emotional and physiological responses to
interpersonal stress (e.g., Stroud et al., 2009). For some individuals, adolescence may also
mark the onset of hormone-driven fluctuations in social stress and social perception over the
course of the menstrual cycle (which we explain in greater detail later). These social changes
may be especially relevant for understanding the risk for suicidal thoughts and behaviors:
Almost all theories developed over than past 50 years to explain suicide highlight
interpersonal loss, isolation, or rejection as central if not pre-requisite experiences.
Interpersonal stress is a strong predictor of suicidal thoughts and behaviors among
adolescent girls, and often precipitates self-injurious behavior (Heilbron & Prinstein, 2010).

Adolescence is also a period of cognitive changes, particularly regarding inhibitory control.
Although systems related to reward sensitivity begin maturing early in puberty, regions
associated with inhibitory control and executive function mature later in adolescence or in
emerging adulthood (Somerville & Casey, 2010). Consequently, adolescents demonstrate
impaired inhibitory control under conditions of heightened emotion compared to adults,
increasing the likelihood of acting on emotion-related impulses (e.g., engaging in social
conflict, acting on urges to attempt suicide) following experiences of stress or perceived
social rejection (Somerville & Casey, 2010). After menarche, inhibitory control may also
fluctuate over the course of the menstrual cycle for some adolescents (which we also
describe in greater detail later). Among adolescents, impaired inhibitory control in the
presence of negative emotional stimuli is associated with suicidal thoughts and behaviors
(e.g., Cohen-Gilbert et al., 2019).

AN EMERGING FRAMEWORK FOR PERIMENSTRUAL SUICIDE RISK IN
ADOLESCENCE

We propose a framework that integrates within-person menstrual cycle fluctuations in
suicidal thoughts and behaviors with distal, between-person risk factors in the unique
developmental context of adolescence to explain why some adolescent girls are at elevated
risk for these thoughts and behaviors and when they are most likely to occur. First, we
discuss between-subject factors associated with suicide risk that may be relevant for
understanding adolescent hormone sensitivity. Second, we describe within-subject factors
that may serve as mechanisms connecting the perimenstrual phase with acute increases in
suicidal thoughts and behaviors (see Figure 1). We also offer illustrative examples of
potential interactions to guide research, including interactions between developmental
contextual factors and the between or within-person risks, or transactions among between-
person and within-person factors.

Between-Person Factors

Several factors often linked with increased risk for suicidal thoughts and behaviors are also
associated with hormone sensitivity. Early menarche and early adversity are two such
factors.

Early Menarche—Early menarche has been associated with both suicidal ideation and
behavior (e.g., Roberts, Fraser, Gunnell, Joinson, & Mars, 2019). While the mechanisms of
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this relationship have not been tested, preliminary data suggest several hypotheses. First,
early menarche predicts stronger retrospectively reported perimenstrual symptoms (e.g.,
PMDD diagnosis; e.g., Cohen et al., 2002). Thus, individuals who experience early
menarche may be more likely to experience sensitivity to ovarian hormone fluctuations,
which causes perimenstrual elevations in suicidal thoughts and behaviors. Alternatively, both
early menarche and perimenstrual symptoms could represent different manifestations of the
same intrinsic hormone sensitivity.

Second, for girls who experience hormone sensitivity, early menarche may amplify risk by
both increasing the frequency of symptomatic cycles and initiating hormone (and symptom)
fluctuation during an earlier stage of neural development. Girls who experience menarche
earlier have fewer anovulatory cycles than their later-developing peers (American Academy
of Pediatrics Committee on Adolescence et al., 2006), which confers greater exposure to the
hormone flux that underlies symptoms (Hammarback et al., 1991).

In addition, early menarche may interact with broader developmental contextual factors. For
instance, since neural systems associated with inhibitory control mature later in
development, girls who start menarche early may have less inhibitory control over emotion-
driven urges than their older peers, and may therefore experience more functional
impairment from cyclical symptoms. This developmental interaction suggests that the
relationship between early menarche and suicidal thoughts and behaviors may decline as
inhibitory control matures. Consistent with this hypothesis, in one study, the association
between early menarche and suicidal behavior dissipated from ninth to 11th grade (Fried,
Williams, Cabral, & Hacker, 2013), although in another study, it persisted into young
adulthood (Roberts et al., 2019). In yet another study, among girls who experienced early
menarche, more time since menarche was associated with girls’ greater use of effective
coping strategies (Alcala-Herrera & Marvan, 2014). Taken together, these findings suggest
that the effects of early menarche on perimenstrual risk of suicidal thoughts and behaviors
may be strongest during early adolescence.

Early Life Adversity—Early life adversity may also affect perimenstrual increases in
suicidal thoughts and behaviors by increasing hormone sensitivity. Among women with
PMDD, early life adversity has been associated with exaggerated negative mood responses
to cyclical hormone changes (Eisenlohr-Moul et al., 2016). Early life adversity may also
indirectly affect perimenstrual risk by increasing the likelihood of early menarche; abuse,
exposure to parental conflict, maternal mood disorders, and paternal absence all contribute
to the early onset of menarche (e.g., Allison & Hyde, 2013). In addition, early adversity may
affect hormone sensitivity and perimenstrual risk for suicidal thoughts and behaviors by
influencing trait-level cognitive control (e.g., Lambert, King, Monahan, & McLaughlin,
2017), which may contribute to greater perimenstrual increases in impulsive behavior
(Roberts, Eisenlohr-Moul, & Martel, 2018) and thus risk for such thoughts and behaviors.

Within-Person Factors

Our framework suggests that the perimenstrual phase is associated with increases in risk for
suicidal thoughts and behaviors among girls with hormone sensitivity. Next, we articulate
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four psychological and physiological mechanisms that may explain #ow hormone sensitivity
may be associated with risk for suicide among adolescent girls. Then we briefly outline
several hypothesized transactions among social disruptions, inhibitory control deficits,
negative affect, and physical symptoms that may lead to suicidal thoughts and behaviors.
Given the centrality of social disruption and inhibitory control deficits in prevailing theories
of suicide and the unique milieu of social and cognitive changes during adolescence, we
focus on social disruptions and changes in inhibitory control.

Social Disruptions—Impairment in social functioning is one of the most commonly
experienced perimenstrual symptoms; among adolescents, the prevalence of retrospectively
reported perimenstrual social impairment may be as high as 39% (adolescent gynecology
out-patients; Vichnin, Freeman, Lin, Hillman, & Bui, 2006). Interpersonal sensitivity,
perceived burdensomeness, felt invalidation, and rejection sensitivity all increase at the onset
of menses in hormone-sensitive adults (Eisenlohr-Moul et al., 2018; Pearlstein, Yonkers,
Fayyad, & Gillespie, 2005) and have been linked to suicidal thoughts and behaviors. Yet few
studies have examined perimenstrual social changes among adolescents, despite the fact that
social disruptions are associated longitudinally with suicide among adolescents (Heilbron &
Prinstein, 2010). Two prospective studies of adolescents revealed perimenstrual increases in
angry outbursts, aggression, or social withdrawal (Buddhabunyakan et al., 2017,
Czajkowska et al., 2015), which are suicide risk factors that harm both group and dyadic
social relationships.

Inhibitory Control—Women with PMDD frequently report perimenstrual symptoms
related to inhibitory control, such as difficulty concentrating and behavioral impulsivity
(Pearlstein et al., 2005). In addition, several studies using behavioral tasks have documented
perimenstrual reductions in inhibitory control and associated cortical activity for some
hormone-sensitive women (for a review, see Owens & Eisenlohr-Moul, 2018). Studies with
younger participants have found similar perimenstrual elevations in self-reported impulsive
behavior among those with high trait-level impulsivity (Roberts et al., 2018) or high
borderline personality disorder traits (reviewed in Eisenlohr-Moul, 2019), but no studies of
adolescents have examined within-person changes in inhibitory control across the cycle
using behavioral measures. In addition, deficits of inhibitory control have been identified as
a potential risk factor in the transition from suicidal thoughts to suicidal behavior,
particularly among adolescents (e.g., Glenn & Nock, 2014).

Negative Affect—The perimenstrual phase is associated with increases in negative affect,
including depressed mood, anxiety, mood lability, and anger/irritability among women with
PMDD. It is also associated with worsened mood among women with depressive disorders
(reviewed in Eisenlohr-Moul, 2019) and hormone-sensitive adolescents (Buddhabunyakan et
al., 2017; Czajkowska et al., 2015). Naturally, within-person increases in negative affect are
associated strongly with increases in adolescent girls’ suicidal thoughts and behaviors (e.g.,
Nock, Prinstein, & Sterba, 2010).

Physical Symptoms—Changes in physical symptoms across the menstrual cycle may
also confer elevated risk for suicidal thoughts and behaviors in the perimenstrual phase. In
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prospective studies of adolescents, dysmenorrhea, breast tenderness, headaches, and
abdominal bloating were among the most commonly reported perimenstrual symptoms,
occurring in 42-75% of individuals (Buddhabunyakan et al., 2017; Czajkowska et al., 2015).
These physical symptoms may have important psychological consequences, causing or
exacerbating distress across the cycle (Kiesner, 2009). Acute headache pain and chronic pain
are also associated with increased risk of attempting suicide (e.g., Breslau, Schultz, Lipton,
Peterson, & Welch, 2012).

Potential Transactions Among Within-Person Symptoms—Reciprocal transactions
among social disruptions, inhibitory control deficits, negative affect, and physical symptoms
may contribute to heightened risk for suicidal thoughts and behaviors, although data are
limited. For example, perimenstrual increases in anger and embarrassment have been
associated with increases in aggressive behavior in prospective studies of adolescents
(Czajkowska et al., 2015), whereas increased depression and decreased self-worth negatively
affected social functioning (Czajkowska et al., 2015). Numerous additional potential
transactions require further exploration. For example, cyclical increases in sensitivity to
rejection (Eisenlohr-Moul et al., 2018) and irritability (Buddhabunyakan et al., 2017;
Czajkowska et al., 2015) may increase the likelihood of angry outbursts and interpersonal
conflict (Czajkowska et al., 2015) under conditions of reduced inhibitory control (e.g.,
Pearlstein et al., 2005). These conflicts may in turn lead to increased social withdrawal and
negative affect (Buddhabunyakan et al., 2017; Czajkowska et al., 2015), which may be
further exacerbated by physical pain and discomfort (Kiesner, 2009). In summary, hormone-
driven changes in mood, cognition, physical symptoms, and behavior may interact to
increase suicidal thoughts and behaviors through a variety of plausible, mutually reinforcing
pathways.

CONCLUSIONS AND LOOKING AHEAD

To improve efforts to predict and prevent suicide among adolescent girls, it is critical to
assess not only distal, between-person risk factors, but also acute within-person fluctuations
in risk, and how these factors may change throughout development. Understanding how
changes in reproductive hormones can trigger social disruptions, cognitive disinhibition,
negative affect, and physical symptoms offers a promising avenue for further research on
adolescents’ suicidal thoughts and behaviors. Together, these findings suggest that the onset
of menstrual cycle hormone fluctuations may help clarify why risk for suicidal behavior
increases at puberty and why girls who experience early menarche and early life adversity
are at elevated risk. Further development of this framework can help improve prediction and
prevention of female adolescent suicide.

Studies that seek to test and refine this framework would benefit by addressing several
critical limitations of prior work. First, while the validity of retrospective (cross-sectional)
reports of premenstrual symptoms in adolescents remains untested, among adults,
retrospective reports appear to be biased by sociocultural stereotypes (Marvan & Cortés-
Iniestra, 2001) and often have little association with cyclical changes observed in daily
ratings of symptoms (e.g., Eisenlohr-Moul et al., 2018). Therefore, longitudinal and
experimental studies using daily symptom ratings linked to cycle phase are needed to
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understand more clearly cyclical changes in symptoms among adolescents, and determine
which specific hormonal triggers lead to changes in symptoms (see Schmalenberger, Owens,
& Eisenlohr-Moul, 2019, for a methodological review).

Second, sampling considerations may limit the conclusions that can be drawn from studies
of the menstrual cycle. To examine cycle effects, samples exclude individuals taking
hormonal medications or using hormonal forms of birth control (e.g., oral contraceptives, the
pill, hormonal 1UDs). It remains unclear how and if these limitations may alter results. Since
the use of hormonal birth control increases from early adolescence to adulthood, studies of
the menstrual cycle in adolescents may capture broader, more representative samples than
studies of adults.

Third, while this framework suggests new lines of inquiry for suicide prevention and
intervention, novel studies of treatment targets in adolescents are essential because current
treatment recommendations for adults with PMDD and PME of other disorders are untested
for hormone-sensitive adolescents. Although the first line of treatment for PMDD are
selective serotonin reuptake inhibitors (SSRIs; Eisenlohr-Moul, 2019), SSRIs may increase
suicide risk among adolescents (Rapkin & Mikacich, 2013). In addition, while suppressing
hormone cycling using oral contraceptives may be recommended for adults with PMDD, this
approach is ineffective in alleviating PME of other disorders (Eisenlohr-Moul, 2019) and is
prospectively associated with increased risk for suicidal thoughts and behaviors among
adolescents generally (e.g., Skovlund, Mgrch, Kessing, Lange, & Lidegaard, 2018). In
summary, we need large clinical trials to determine the effectiveness of traditional treatment
options among adolescents with PMDD and PME, perhaps especially with respect to
outcomes related to suicidal thoughts and behaviors (Eisenlohr-Moul, 2019).

Fourth, studies of psychosocial and behavioral mechanisms have been limited by the
predominant use of self-report measures. Going forward, studies would benefit from
including behavioral measures and dyadic interaction tasks to assess perimenstrual changes
in behavior among adolescents. While hormone-sensitive individuals report perimenstrual
changes in social functioning and impulsivity, it remains unclear whether these effects are
driven by changes in self-perception, changes in perception of others (e.g., perceived
rejection), or measurable changes in behavior (e.g., aggression, inhibitory control).
Behavioral tasks and dyadic interaction paradigms will help distinguish changes in behavior
and perception that may elevate perimenstrual risk.

In summary, the menstrual cycle can cause social disruptions, inhibitory control deficits,
negative affect, and physical symptoms in adolescents, and these changes may cause cyclical
changes in acute risk for suicide. The onset of hormone fluctuations may mark the start of
monthly fluctuations in suicide risk, and thus represents a novel risk factor for both the onset
of suicidality in development and the acute exacerbation of suicidality each month.
Continued study in this area could help researchers and clinicians identify nuanced
mechanisms that lead to death from suicide and that build novel interventions targeting
proximal risk.
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Figure 1.
Conceptual framework for the role of perimenstrual hormone withdrawal in suicide risk.

*May also interact with within-person symptoms to predict risk.
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