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STUDY QUESTION: Is there an association between physical and sexual abuse occurring in childhood or adolescence and risk of
laparoscopically-confirmed endometriosis?

SUMMARY ANSWER: Early life sexual and physical abuse was associated with an increased risk of endometriosis.

WHAT IS KNOWN ALREADY: Previous studies have reported that physical and sexual abuse are associated with chronic pelvic pain
(CPP). However, only one study has examined the association between childhood physical abuse and laparoscopically-confirmed endometri-
osis, and did not observe an association with endometriosis risk.

STUDY DESIGN, SIZE, DURATION: Prospective cohort study using data collected from 60 595 premenopausal women from 1989 to
2013 as part of the Nurses’ Health Study II cohort.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Participants completed an exposure to violence victimization questionnaire in
2001. Cases were restricted to laparoscopically-confirmed endometriosis. Cox proportional hazards models were used to calculate rate
ratios (RR) and 95% confidence intervals (CI).

MAIN RESULTS AND THE ROLE OF CHANCE: Three thousand three hundred and ninety-four cases of laparoscopically-confirmed
endometriosis were diagnosed during 24 years of follow-up. Compared to those reporting no physical or sexual abuse, the risk of endometri-
osis was greater among those who experienced severe physical abuse (RR = 1.20; 95% CI = 1.06, 1.37) or severe sexual abuse (RR = 1.49;
95% CI = 1.24, 1.79). There was a 79% increased risk of laparoscopically-confirmed endometriosis for women reporting severe-chronic
abuse of multiple types (95% CI = 1.44, 2.22). The associations between abuse and endometriosis were stronger among women presenting
without infertility, a group that was more likely to have been symptomatic with respect to pain.

LIMITATIONS, REASONS FOR CAUTION: The violence exposure was recalled by the study participants and thus is subject to mis-
classification as well as recall bias for the cases who were diagnosed prior to 2001. However, our results were similar in a sensitivity analysis
including only endometriosis cases incident after their violence history report. In addition, residual or unmeasured confounding is a possibility;
however, we were able to adjust for a variety of potential early life confounders. Finally, selection bias is also a possibility if those who chose
to return the violence questionnaire did so based jointly on abuse history and endometriosis risk.
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WIDER IMPLICATIONS OF THE FINDINGS: Early life sexual and physical abuse was associated with an increased risk of endometri-
osis. Severity, chronicity and accumulation of types of abuse were associated with greater risk. Understanding the mechanisms underlying
these relations may better define the biologic impacts of abuse and the related pathophysiology of endometriosis.
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Introduction
Endometriosis affects about 10% of all reproductive-aged women,
with signs and symptoms that include chronic pelvic pain and infer-
tility (Halis et al., 2004; Sinaii et al., 2007). The etiology of endomet-
riosis is not known, however, the implantation hypothesis is the
most widely accepted (Sampson, 1927), supported by observations
that retrograde menstruation and intraperitoneal spillage of viable
endometrial cells occur frequently in cycling women and more com-
monly in those with genital outflow tract obstruction (Halme et al.,
1984; Kruitwagen et al., 1991; Ugur et al., 1995). Retrograde men-
struation and increased exposure to menstrual flow (lower parity,
short menstrual cycle interval, earlier menarche, lean body mass)
have been identified as risk factors for endometriosis (Giudice
et al., 2004; Missmer et al., 2004a,b). Abuse during childhood and
adolescence is a significant and major health problem in developing
and industrialized countries (Jenny, 2008; Brown et al., 2009), with
the Centers for Disease Control of the United States recognizing
child abuse and neglect as childhood stressors that impact long-
term health (Middlebrooks et al., 2008) and could play a role in the
etiology and/or clinical signs of endometriosis through influences
on inflammation (Bertone-Johnson et al., 2012), menstrual cycle
characteristics (Kruitwagen et al., 1991; Romito et al., 2003; Zabin
et al., 2005; Paras et al., 2009; Wise et al., 2009; Boynton-Jarrett
et al., 2011), or chronic pelvic pain (Heim et al., 1998, 1999;
Wuest, et al., 2008).
Few studies have examined the association between early life abuse

and endometriosis. In a cross-sectional study among a headache clinic
population, childhood maltreatment was common among women
with pain conditions including endometriosis (Tietjen et al., 2010).
A clinical case-report attributed endometriosis in a young woman to
her adverse childhood experiences (Harrison et al., 2005). However, a
recent study among women undergoing surgery for a variety of gyne-
cologic conditions (e.g. pelvic mass, pelvic pain, irregular mense, infer-
tility, tubal ligation) found no association between childhood physical
abuse and endometriosis (Schliep et al., 2016). Previous studies have
been among clinic-based populations, which limits their generalizability.
In this study, we investigated whether physical and sexual abuse occur-
ring in childhood and adolescence was associated with risk of
laparoscopically-confirmed endometriosis in the Nurses’ Health Study
II (NHSII) cohort, which includes a sample of women from across the
United States.

Materials andmethods

Ethical approval
This study was approved by the Institutional Review Board (IRB) of
Brigham andWomen’s Hospital.

Study population
The NHSII is an ongoing prospective cohort that was established in 1989
when 116 429 female registered nurses, ages 25–42, completed a ques-
tionnaire that collected information on demographic and lifestyle factors,
anthropometric variables, and disease history. Follow-up questionnaires
are sent biennially to participants updating information. Further details on
the study have been provided elsewhere (Solomon et al., 1997).

A questionnaire on lifetime exposure to violence victimization was sent
to 91 248 study participants in 2001 (excluding those who had previously
requested short form surveys or who required more than four mailings
before responding to the 1999 questionnaire). Due to the potential safety
concerns regarding mailing the questions, the IRB allowed only a single
reminder postcard for those who did not immediately respond.
Questionnaires were received from 68 505 women (a 75% response rate)
(Boynton-Jarrett et al., 2011). Participants were excluded if they reported
a history of endometriosis, infertility or cancer (other than non-melanoma
skin cancer) before 1989 (cohort baseline). The analytical cohort was lim-
ited to women who were premenopausal and had intact uteri as endomet-
riosis is rarely first diagnosed among postmenopausal women or
subsequent to a hysterectomy. After these exclusions, 60 595 women
remained (Fig. 1).

Assessment of childhood and adolescent
exposure to violence
The violence questionnaire covered three time periods: up to 11 years of
age (childhood), 11–17 years of age (adolescence), and adulthood. We
used the questionnaire to assess three types of abuse: ‘harsh and punitive
parenting,’ physical abuse and sexual abuse.

Harsh and punitive parenting
Exposure to abuse in childhood was assessed using the Childhood Trauma
Questionnaire (CTQ) short form (Bernstein et al., 1994). Abuse was
assessed with the following five items: ‘People in my family hit me so hard
that it left me with bruises and marks,’ ‘The punishments I received
seemed cruel,’ ‘I was punished with a belt, a board, a cord, or some other
hard object’, ‘People in my family said hurtful or insulting things to me,’ and
‘yelled and screamed at me.’ All items are rated on a 5-point Likert scale
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according to frequency (1 = never, 2 = rarely, 3 = sometimes, 4 = often,
or 5 = very often), and a total CTQ score was derived by summing across
items. The CTQ also included a single question to assess social support:
‘There was someone in my family who helped me feel that I was important
or special’ and was rated as described above.

Physical abuse
Physical abuse by a parent, step-parent or adult guardian was assessed
with the revised Conflict Tactics Scale (CTS) (Straus et al., 1995).
Categories of physical activity abuse severity were created based on item
factor loadings from principal-components factor analysis and the reported
frequency of abuse of each item based on a 4-point scale according to fre-
quency (1=never, 2=once, 3=a few times, 4=more than a few times)
(Boynton-Jarrett et al., 2011). Physical abuse was categorized into four
groups based on five questions: None, Mild (being ‘pushed, grabbed, or
shoved’ at any frequency, or being ‘kicked, bitten, or punched’ once or ‘hit
with something’ once), Moderate (being ‘hit with something’ more than
once or ‘physically attacked’ once), Severe (being ‘kicked, bitten, or
punched’ or ‘physically attacked’ more than once, or ‘choked or burned’
ever). Participants also reported whether their parent(s) or guardians
spanked them for discipline (up to age 11). When spanking was examined
in the context of a summary measure to capture physical and sexual abuse
it did not load on either of the abuse factors and thus was considered to
be empirically distinct from abuse, so those who reported only exposure
to spanking for discipline were included in the reference group (Boynton-
Jarrett et al., 2011).

Sexual abuse
Sexual abuse was measured by questions modified from the Sexual
Experiences Survey (SES) (Koss et al., 1982). Participants reported fre-
quency of the following exposures on a 3-point scale (never, once, more
than once): ‘were you ever touched in a sexual way’ or ‘forced into any
sexual activity’ by an adult or an older child, separately for childhood and
adolescence. Sexual abuse was categorized into three groups: Mild (sexual
touching), Moderate (forced sexual activity during either childhood [up to
11 years of age] or adolescence [11–17 years of age]), Severe (forced sex-
ual activity during both childhood and adolescence) (Boynton-Jarrett et al.,
2011).

Cumulative physical and sexual abuse history
A latent construct of cumulative violence exposure has previously been
created in the NHSII using a principle component factor analysis method-
ology with oblique (promax) rotation (Hatcher, 1994; Boynton-Jarrett
et al., 2011). Boynton-Jarrett et al. applied this factor analysis to the child-
hood and adolescent items in the CTS and the SES to create a summary
measure capturing both chronicity and severity of physical and sexual
abuse. Cumulative violence was categorized into five groups: Mild/
Moderate Single Type, Mild-Multiple or Severe-Single Type(s), Moderate-
Chronic or -Multiple Types, Severe-Chronic or –Multiple Types, and
Severe Chronic and Multiple Types. The item related to spanking for dis-
cipline did not load on either of the abuse factors and was not included in
this cumulative exposure variable. Categorization of this summary measure
is described in Supplemental Table SI. A more detailed description of the

Nurses’ Health Study II cohort
(n = 116,429)

Participants who were mailed 
the lifetime exposure to 
violence victimization 
questionnaire (n = 91,248)

Participants who completed 
and returned the lifetime 
exposure to violence 
victimization questionnaire 
(n = 68,505)

Final analytic study population
(n = 60,595)

Exclusions

Participants not mailed the lifetime exposure to 
violence victimization questionnaire (i.e., those
who had previously requested short form 
surveys or who required > 4 mailings before
responding to 1999 questionnaire (n = 25,181) 

Participants who did not return or complete the 
lifetime exposure to violence victimization 
questionnaire (n = 22,743) 

Participants who were missing information on 
the primary exposure questions (n = 553)

Participants with any of the following 
conditions/characteristics at baseline (1989):

Endometriosis (n = 3,576) 
Cancer (n = 560)
Postmenopausal or unknown 
menopausal status (n = 1,259)
Hysterectomy (n = 1,962)

Figure 1 Description of eligible study population and exclusions at baseline (1989).
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types of abuse included in the cumulative abuse categories can be found
elsewhere (Boynton-Jarrett et al., 2011; Riley et al., 2010).

Definition of endometriosis
Starting in 1993, participants were asked on each biennial questionnaire if
they ‘had ever had physician-diagnosed endometriosis’ and if so, the date
of diagnosis (before September 1989, September 1989–May 1991, etc.
which corresponded to the follow-up periods) and whether it had been
confirmed by laparoscopy. The validity of self-reported endometriosis in
this cohort has been described previously (Missmer et al., 2004a,b).
Briefly, a supplementary questionnaire, including permission to review
medical records, was mailed to 200 women who were randomly selected
from the then 1766 cases who had reported an incident diagnosis
(response rate = 92%; n = 184). A diagnosis of endometriosis was con-
firmed by medical records in 96% of those who reported laparoscopic
confirmation. However, a review of the medical records of those without
laparoscopic confirmation indicated a clinical diagnosis of endometriosis in
only 54%. In addition, a diagnosis of endometriosis at the time of hysterec-
tomy was confirmed in 80% of the cases, but endometriosis was the pri-
mary indication for hysterectomy in only 6% of those for whom an
indication was available. The primary indication for hysterectomy within
our population was uterine fibroids, which have previously been associated
with history of abuse. Therefore, we did not include as cases women
whose initial diagnosis of endometriosis was incidentally made during a
hysterectomy as this could erroneously create a case group that was a mix
of endometriosis and uterine fibroids. Thus, we restricted our definition of
incident diagnosis of endometriosis to women who reported laparoscopic
confirmation of their diagnosis.

Statistical analyses
Participants contributed follow-up time from return of the 1989 baseline
questionnaire, until report of laparoscopically-confirmed endometriosis,
menopause, hysterectomy, cancer diagnosis (except non-melanoma skin
cancer), loss to follow-up, death, or until return of the 2013 questionnaire.
Multivariable Cox proportional hazards regression models with age and
questionnaire period as the time scale were used to estimate hazard ratios
(HR) and 95% confidence intervals (CI) using the corresponding no abuse
category as the reference group.

We considered two covariate-adjusted models for each association
between abuse and endometriosis; the first adjusted for early life charac-
teristics (i.e. prior to or contemporaneous with abuse) (model 1; potential
confounders) and the second additionally adjusted for adult characteristics
(model 2; potential mediators). In model one, we adjusted for age, race,
somatogram at age 5 (Stunkard et al., 1983), maternal education, paternal
education, home ownership, and household income. In model two we fur-
ther adjusted for the following characteristics that could vary between
early life and development of endometriosis and that might be affected by
abuse, which we considered potential mediators: body mass index (BMI),
physical activity, age at menarche, cycle length between ages 18–22, oral
contraceptive (OC) use, parity, infertility, grams of alcohol per week,
smoking pack-years, adult physical abuse and adult sexual abuse
(McFarlane et al., 1992). In model three, we further adjusted for social sup-
port in childhood. Covariates were updated whenever new information
was available from the biennial questionnaires.

Since women with endometriosis who have not reported infertility are
more likely to have been symptomatic with respect to pain (otherwise
they would not have undergone laparoscopic surgery), while women
reporting infertility are more likely asymptomatic and may have been diag-
nosed with endometriosis during an infertility evaluation, we examined if
the associations were modified by fertility status (defined as attempting to
conceive for >12 months without success). We also assessed effect

modification by social support in childhood (very often/often, sometimes/
rarely/never), as research suggests that parental or caretaker support may
protect against or ameliorate the potential negative impacts of victimiza-
tion.(Repetti et al., 2002) Effect modification was assessed with a likelihood
ratio tests comparing models with the exposure variable, potential modi-
fier, and the interaction terms to those with the main effects only. In sensi-
tivity analyses, the study start was redefined such that participants
contributed person-time from return of the violence victimization ques-
tionnaire in 2001, thus including only cases of endometriosis that were inci-
dent after the violence victimization questionnaire was complete to gauge
the impact of recall bias. Statistical analyses were performed using SAS
Version 9.4 (SAS Institute Inc., Cary, NC).

Results
During 875 622 person-years of follow-up contributed by 60 595
women, 3394 incident cases of laparoscopically-confirmed endometri-
osis were reported. Thirty-two percent of women reported some
level of child/adolescent physical abuse only, 12% reported child/ado-
lescent sexual abuse only, and 21% reported child/adolescent physical
and sexual abuse (Table I). Women who experienced abuse had a
slightly higher BMI and were more likely to smoke (Table II). The distri-
bution of risk factors for endometriosis between the violence ques-
tionnaire responders vs. non-responders did not differ appreciably
(Supplemental Table SII).
Severity of physical abuse, sexual abuse and the CTQ score were

positively associated with the incidence of endometriosis in a dose–
response manner. Both physical and sexual abuse history were asso-
ciated with a higher incidence of endometriosis compared to those
who never reported abuse. In the fully adjusted model, we observed
an increased risk of endometriosis with exposure to physical abuse
only (HR, 1.10; 95% CI, 1.01–1.20) and sexual abuse only (HR, 1.15;
95% CI, 1.03–1.30). The highest risk of endometriosis was observed
among women with a combination of physical and sexual abuse history
(HR, 1.31; 95% CI 1.19–1.45) (Table III).
When we considered severity of physical abuse, we observed an

increased risk of endometriosis in women with history of moderate
(HR, 1.20; 95% CI, 1.11–1.31) and of severe physical abuse (HR, 1.20;
95% CI, 1.06–1.37). When we evaluated severity of sexual abuse by
exposure time period, we observed the highest risk for endometriosis
among women with history of forced sexual activity during both child-
hood and adolescence (HR, 1.49; 95% CI, 1.24–1.79). Results were
analogous when we repeated our analyses using the CTS score
(Table III).
Cumulative abuse history – which captures type, severity, and

chronicity of abuse – was also observed to be associated with risk of
endometriosis (Table III). Compared to those who never reported
abuse events (physical or sexual), there was a 12% greater risk of
endometriosis for women reporting one episode of mild/moderate
abuse (95% CI, 1.03–1.21), a 17% greater risk (95% CI, 1.05–1.30) for
mild-multiple or severe-single type of abuse, a 36% greater risk (95%
CI, 1.19–1.55) for moderate-chronic or-multiple types of abuse, a 34%
greater risk (95% CI, 1.10–1.62) for severe-chronic or multiple types
of abuse, and a 79% greater risk (95% CI, 1.44–2.22) for those with
severe-chronic abuse and multiple types of abuse.
The associations between abuse and endometriosis differed by

infertility history with interactions observed for sexual abuse
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(pinteraction < 0.0001) and cumulative abuse history (pinteraction = 0.01).
For sexual abuse, the magnitude of the effects was increased consider-
ably among those who never reported infertility with a HR of 1.72 for
those reporting forced sexual abuse as a child and adolescent (95% CI,
1.41–2.11). Similar results were observed for cumulative abuse history
with increased risks of endometriosis for all levels of cumulative abuse
categories among women who never reported infertility (Table IV).
Among those who reported infertility, the risk for endometriosis was
not increased in the fully adjusted models for any form of abuse;
although there was the suggestion of increased risks for physical and
cumulative abuse but of a lesser magnitude than observed among the
women who never reported infertility.
No statistically or clinically interactions were observed by social sup-

port in childhood for any of the abuse exposures (all pinteraction > 0.05).

In sensitivity analyses, the associations were not impacted by recall
bias, as we observed similar associations, with less stable effect esti-
mates in the most extreme categories of abuse due to small numbers,
between abuse and endometriosis risk when we restricted analyses to
include only cases of endometriosis reported (n = 584) following
return of the 2001 violence questionnaire (Table V).

Discussion
In this large cohort study, we observed an association between expos-
ure to violence during childhood and adolescence and endometriosis
risk. Both physical and sexual abuse were associated with endometri-
osis risk, with abuse severity, chronicity and accumulation of types of
abuse each associated with increasing risk in a dose–response manner.
In addition, we observed strong evidence that the association differed
by fertility status, with a robust association among women who never
reported infertility.
Reproductive factors, including early and late age at menarche and

early onset of perimenopause have been associated with violence
(Allsworth et al., 2001; Wise et al., 2009). In addition, a previous study
within the NHSII cohort reported an association between abuse dur-
ing childhood/adolescence and uterine fibroids (Boynton-Jarrett et al.,
2011). To our knowledge this is the second and largest study to evalu-
ate the association between adverse childhood/adolescent experi-
ences and incidence of laparoscopically-confirmed endometriosis.
Schliep et al. examined the association between childhood and adult
physical abuse and adult sexual abuse, and risk of gynecologic disor-
ders among 495 women scheduled to undergo a diagnostic and/or
therapeutic laparoscopy or laparotomy. No association was observed
between any of the types of abuse examined and laparoscopically-
confirmed endometriosis, fibroids, or ovarian cysts, while an associ-
ation was observed between child and adult physical abuse and higher
risk of pelvic adhesions. Limitations of this study included that only
women who were undergoing gynecologic surgery, with surgical indi-
cations including pelvic pain (42%), pelvic mass (15%), irregular menses
(12%), uterine fibroids (10%), tubal ligation (10%) and infertility (7%),
were included in the study population. Thus in calculating effect esti-
mates, the analysis compared women with endometriosis to women
without endometriosis, but these women were not ‘healthy’ women.
Rather, these women without endometriosis had gynecologic path-
ology indicating their surgery. For example, fibroids, adhesions or
ovarian cysts and some of these conditions (e.g. fibroids) have been
previously associated with childhood trauma (Boynton-Jarrett et al.,
2011). In contrast to this clinic and surgical-based population, the
population-based reference group used by our study may explain the
differing associations observed.
Previous studies have reported that physical and sexual abuse are

associated with chronic pelvic pain (CPP) (Heim et al., 1998, 1999;
Wuest et al., 2008). Among women who have laparoscopically-
confirmed endometriosis, women who have not reported infertility
are more likely to have been symptomatic with respect to pain while a
large portion of women reporting infertility are likely asymptomatic
and may have been diagnosed with endometriosis during an infertility
evaluation. These women may have infertility as a result of endometri-
osis or, alternatively, the finding of endometriosis upon an infertility
work-up with laparoscopic surgery may be incidental. Because of the
differences in symptoms and clinical presentation between fertile and

........................................................................................

Table I Prevalence of abuse in childhood and
adolescence (reported in 2001) among Nurses’Health
Study II participants (n = 60 595).

N (%)

Abuse Type

None 21 256 (35.1)

Physical Abuse only 19 443 (32.1)

Sexual Abuse only 7197 (11.9)

Physical and Sexual Abuse 12 699 (21.0)

Abuse Severity

Severity of Physical Abuse

None 28 453 (47.0)

Mild Physical Abuse 11 387 (18.8)

Moderate Physical Abuse 15 745 (26.0)

Severe Physical Abuse 5010 (8.3)

Severity of Sexual Abuse

None 40 699 (67.2)

Sexual Touching as Child or Adolescent 13 382 (22.1)

Forced Sexual Activity as Child or Adolescent 4985 (8.2)

Forced Sexual Activity as Child & Adolescent 1529 (2.5)

Childhood Trauma Scale Scorea

5 (None) 6946 (11.5)

6–10 32 594 (53.8)

11–15 13 745 (22.7)

16–20 5191 (8.6)

21–25 2119 (3.5)

Cumulative Abuse Historyb

No Exposure to Violence 21 256 (35.1)

Mild/Moderate Single Type 22 712 (37.5)

Mild-Multiple Types or Severe-Single Type 9203 (15.2)

Moderate-Chronic or-Multiple Types 4589 (7.6)

Severe-Chronic or-Multiple Types 1714 (2.8)

Severe-Chronic and Multiple Types 1121 (1.8)

aExposure to ‘harsh and punitive parenting’ in childhood (prior to age 11) was
assessed using items from the Childhood Trauma Questionnaire short form.
bSummary of childhood and adolescent physical abuse measured by the Revised
Conflict Tactics Scale and sexual abuse measured by the Sexual Experiences Survey.

5Early life abuse and endometriosis risk

Downloaded from https://academic.oup.com/humrep/advance-article-abstract/doi/10.1093/humrep/dey248/5055017
by Mount Royal University user
on 18 July 2018



infertile women we treated infertility as an effect modifier and
observed an interaction by fertility status. Among women who never
reported infertility, increased risks of endometriosis were observed
for each measure of abuse, with the strongest increased risks observed
for sexual abuse and cumulative abuse history. In contrast, among
women who reported infertility, no association was observed with
sexual abuse, and slightly increased risks of endometriosis were
observed with physical and cumulative abuse. However, these results
were based on small numbers in this group, and a null association can-
not be excluded. Abuse during childhood has been associated with
sub-fertility (Harville et al., 2013; Jacobs et al., 2015). It is plausible that
the suggestion of greater risk of endometriosis within this infertile
group, among whom pain was often not the indication for diagnosis, is
driven by an association between abuse during childhood and fertility
dysregulation independent of endometriosis.

Early life abuse may influence endometriosis through both its impact
on pain symptoms and infertility diagnosis. Exposure to childhood
stressors has been associated with neuroendocrine disruptions, includ-
ing altered functioning of the hypothalamic–pituitary–adrenal axis and
elevated cortisol levels (Teicher et al., 2003), impacting regulation of
hypothalamic gonadotropin-releasing hormone and associated with
earlier natural menopause (Allsworth et al., 2001). Although, our find-
ings of a stronger association between abuse and endometriosis that
presents with pain symptoms are consistent with previous studies that
indicate early life stress may be related to the development of pain syn-
dromes including fibromyalgia, CFS, chronic pelvic pain and vulvodynia
(Heim et al., 1998, 1999, 2009; Low et al., 2012; Nater et al., 2011;
Ross, 2005; Weissbecker et al., 2006; Wuest et al., 2008).
Our findings of a stronger association between early life abuse and

pain-associated endometriosis suggest that the mechanism(s)

...................................................................................................................................................

.............................................................................................................................................................................................

Table II Baseline characteristics according to total abuse in childhood/adolescence among Nurses’Health Study II
participants (n = 60 595).

Characteristic Cumulative exposure to violence in early lifea

No abuse
(n= 21 256)

Mild/Moderate
or Single
(n = 22 712)

Mild-multiple or
Severe-single
(n= 9203)

Moderate-chronic
or multiple
(n = 4589)

Severe-chronic
or multiple
(n = 1714)

Severe chronic
and multiple
(n= 1121)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

BMI 23.6 (4.6) 23.8 (4.8) 24.2 (5.0) 24.4 (5.4) 24.7 (5.6) 25.3 (6.1)

Parity 1.40 (1.20) 1.45 (1.21) 1.47 (1.21) 1.43 (1.20) 1.47 (1.19) 1.43 (1.24)

Physical activity (METs/week) 24.0 (34.5) 24.2 (34.9) 23.6 (34.3) 26.1 (38.0) 26.3 (39.4) 31.1 (45.1)

Alcohol intake (g/day) 3.0 (5.7) 3.3 (6.2) 3.5 (6.6) 3.4 (6.5) 3.1 (6.1) 3.0 (5.8)

% % % % % %

Race

White 96 95 94 93 93 90

Cigarette smoking

Never 73 67 62 56 56 54

Past 18 22 24 27 27 27

Current 9 11 13 16 17 19

Age at menarche

<12 23 23 26 26 30 30

12 31 31 30 30 26 29

13 29 28 27 26 26 23

>13 18 18 17 19 18 19

Menstrual cycle length at age 18

<26 days 10 10 11 12 13 15

26–31 days 65 67 66 66 65 62

32–50 days 19 18 18 16 16 16

>51 days 6 5 5 6 7 7

Oral contraceptive use

Ever 81 83 86 86 87 87

Never 19 17 14 14 13 13

Infertility

Yes 16 16 16 17 18 19

No 84 84 84 83 82 81

aThe violence measure incorporated abuse type (physical and/or sexual abuse), chronicity and severity. MET; metabolic equivalent.
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underlying the association between abuse and endometriosis could
share similarities with CPP and other pain syndromes. A growing body
of literature suggests that early traumatic experiences induce persist-
ent sensitization of the central stress response systems, including

dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis (Heim
et al., 1998, 2004). Aberration in the HPA axis leading to hypocortiso-
lism has been suggested to result in a symptom triad of high stress sen-
sitivity, fatigue and pain (Heim et al., 2000; Fries et al., 2005). In the

..............................................................................................

.............................................................................................................................................................................................

Table III Hazard ratios of laparoscopically-confirmed endometriosis according to severity, chronicity and type of
violence exposure in childhood/adolescence among Nurses’Health Study II participants (1989–2013, n = 60 595).

Abuse characteristics Woman-years Cases Hazard Ratio (95% confidence interval)

Age-adjusted Model 1a Model 2b Model 3c

Abuse Type

None 315616 1066 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Physical Abuse only 280916 1071 1.13 (1.03–1.23) 1.12 (1.03–1.22) 1.13 (1.03–1.23) 1.10 (1.01–1.20)

Sexual Abuse only 102278 407 1.17 (1.04–1.31) 1.16 (1.04–1.31) 1.16 (1.04–1.31) 1.15 (1.03–1.30)

Physical and Sexual Abuse 176813 850 1.41 (1.29–1.55) 1.39 (1.27–1.52) 1.36 (1.24–1.50) 1.31 (1.19–1.45)

Abuse Severity

Severity of Physical Abuse

None 417894 1473 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Mild Physical abuse 165887 604 1.03 (0.94–1.14) 1.03 (0.94–1.13) 1.03 (0.94–1.14) 1.02 (0.92–1.12)

Moderate Physical abuse 224079 984 1.24 (1.14–1.34) 1.23 (1.14–1.34) 1.24 (1.14–1.34) 1.20 (1.11–1.31)

Severe Physical Abuse 67762 333 1.39 (1.24–1.57) 1.36 (1.20–1.53) 1.28 (1.13–1.44) 1.20 (1.06–1.37)

Ptrend <.0001 <.0001 <.0001 <.0001

Severity of Sexual Abuse

None 596532 2137 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Sexual Touching as Child or Adol 189465 787 1.15 (1.06–1.25) 1.15 (1.06–1.25) 1.14 (1.05–1.24) 1.13 (1.04–1.23)

Forced Sexual Activity as Child or Adol 69604 345 1.38 (1.23–1.55) 1.35 (1.20–1.51) 1.30 (1.16–1.47) 1.28 (1.13–1.43)

Forced Sexual Activity as Child & Adol 20022 125 1.69 (1.41–2.02) 1.64 (1.37–1.97) 1.56 (1.30–1.87) 1.49 (1.24–1.79)

Ptrend <.0001 <.0001 <.0001 <.0001

Childhood Trauma Scale Scored

5 (None) 99621 316 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)

6–10 480247 1677 1.09 (0.97–1.23) 1.09 (0.96–1.23) 1.13 (1.00–1.28) 1.12 (0.99–1.27)

11–15 197006 869 1.38 (1.21–1.56) 1.36 (1.20–1.55) 1.38 (1.21–1.58) 1.35 (1.18–1.55)

16–20 71619 394 1.68 (1.45–1.95) 1.65 (1.42–1.91) 1.64 (1.41–1.91) 1.58 (1.35–1.85)

21–25 27128 138 1.60 (1.30–1.95) 1.54 (1.26–1.89) 1.52 (1.24–1.86) 1.46 (1.18–1.80)

Ptrend <.0001 <.0001 <.0001 <.0001

Cumulative Abuse Historye

No Exposure to Violence 315616 1066 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)

Mild/Moderate Single Type 328063 1252 1.12 (1.03–1.22) 1.12 (1.03–1.22) 1.13 (1.04–1.23) 1.12 (1.03–1.21)

Mild-Multiple or Severe-Single Type(s) 131011 532 1.21 (1.08–1.34) 1.19 (1.08–1.33) 1.19 (1.07–1.33) 1.17 (1.05–1.30)

Moderate-Chronic or-Multiple Types 63765 323 1.48 (1.31–1.68) 1.45 (1.28–1.65) 1.41 (1.24–1.60) 1.36 (1.19–1.55)

Severe-Chronic or-Multiple Types 23052 121 1.53 (1.27–1.85) 1.49 (1.23–1.80) 1.40 (1.15–1.70) 1.34 (1.10–1.62)

Severe-Chronic and Multiple Types 14115 100 2.05 (1.67–2.52) 1.98 (1.61–2.44) 1.89 (1.53–2.34) 1.79 (1.44–2.22)

Ptrend <.0001 <.0001 <.0001 <.0001

Note: Adol=adolescent.
aModel 1: Adjusted for age (months), race (white, black, Asian, multiple races, other/unknown), somatogram at age 5 (figure 1, 2, 3, 4 or ≥5), mother’s education (less than high
school, completed high school, more than high school), father’s education (less than high school, completed high school, more than high school), home ownership in infancy (no, yes),
and household income in 2001 (<$50 000, $50 000–$99 999, ≥$100 000).
bModel 2: Adjusted for all variables in Model 1 and BMI (<19, 19–20.4, 20.5–21.9, 22–24.9, 25–29.9, ≥30), physical activity (METS/week <3, 3–<9, 9–<18, 18–<27, 27–<42, ≥42),
age at menarche (<10, 10, 11, 12, 13, 14, 15, >15), cycle length between ages 18–22 (<26 days, 26–31 days, 32–50 days, >50 days and irregular cycles), OCP use (never, past, cur-
rent), parity (nulliparous, 1, 2, 3, >3), infertility (no, yes), grams of alcohol per week (0, >0–<5, 5–<10, 10–<15, ≥15), smoking pack-years (0, >0–5, >5–10, >10–15, >15–20,
≥20), adult physical abuse (none, any), and adult sexual abuse (none, any).
cModel 3: Adjusted for all variables in Model 2 and social support during childhood (very often, often, sometimes, rarely, never).
dExposure to ‘harsh and punitive parenting’ in childhood (prior to age 11) was assessed using items from the Childhood Trauma Questionnaire short form
eSummary of childhood and adolescent physical abuse measured by the Revised Conflict Tactics Scale and sexual abuse measured by the Sexual Experiences Survey.
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Table IV Hazard ratios of laparoscopically-confirmed endometriosis and abuse severity (physical abuse or sexual abuse) and cumulative abuse history, stratified
by infertility history among Nurses’Health Study II participants (1989–2013).

Ever reported infertility (n= 655) Never reported infertility (n = 2622) phet
d

Cases Woman-
years

Model 1a

HR (95% CI)
Model 2b

HR (95% CI)
Model 3c

RR (95% CI)
Cases Woman-

years
Model 1a

HR (95% CI)
Model 2b

HR (95% CI)
Model 3c

HR (95% CI)

Physical Abuse

None 290 19641 1.00 (referent) 1.00 (referent) 1.00 (referent) 1132 383606 1.00 (referent) 1.00 (referent) 1.00 (referent) 0.30

Mild 129 8196 1.15 (0.92–1.43) 1.16 (0.93–1.46) 1.13 (0.90–1.41) 457 151592 1.02 (0.91–1.14) 1.03 (0.92–1.15) 1.01 (0.91–1.13)

Moderate 178 10683 1.17 (0.96–1.43) 1.26 (1.03–1.55) 1.22 (0.99–1.50) 772 205780 1.25 (1.14–1.37) 1.24 (1.13–1.36) 1.21 (1.10–1.33)

Severe 58 3745 1.16 (0.85–1.56) 1.25 (0.91–1.71) 1.16 (0.84–1.61) 261 61323 1.40 (1.22–1.60) 1.33 (1.15–1.52) 1.25 (1.08–1.45)

Ptrend 0.11 0.02 0.09 <.0001 <.0001 <.0001

Sexual abuse

None 455 28155 1.00 (referent) 1.00 (referent) 1.00 (referent) 1614 547479 1.00 (referent) 1.00 (referent) 1.00 (referent) <0.0001

Sexual Touching as Child or Adolescent 131 9140 0.94 (0.77–1.15) 0.98 (0.80–1.21) 0.96 (0.78–1.19) 624 173634 1.20 (1.09–1.31) 1.19 (1.08–1.30) 1.18 (1.07–1.29)

Forced Sexual Activity as Child or Adol 55 3806 0.93 (0.69–1.25) 1.07 (0.79–1.45) 1.03 (0.75–1.40) 276 63101 1.45 (1.28–1.65) 1.41 (1.23–1.60) 1.38 (1.21–1.57)

Forced Sexual Activity as Child & Adol 14 1164 0.86 (0.50–1.49) 0.90 (0.51–1.57) 0.83 (0.47–1.46) 108 18086 1.90 (1.56–2.31) 1.80 (1.47–2.20) 1.72 (1.41–2.11)

Ptrend 0.42 0.99 0.70 <.0001 <.0001 <.0001

Cumulative abusee history

None 228 14687 1.00 (referent) 1.00 (referent) 1.00 (referent) 806 289441 1.00 (referent) 1.00 (referent) 1.00 (referent) 0.01

Mild/Moderate Single Type 247 15448 1.05 (0.87–1.27) 1.07 (0.88–1.30) 1.04 (0.85–1.27) 963 301878 1.13 (1.03–1.24) 1.14 (1.04–1.25) 1.13 (1.03–1.24)

Mild-multiple or Severe Single Types 91 6524 0.97 (0.75–1.25) 1.09 (0.84–1.42) 1.04 (0.80–1.36) 420 119673 1.24 (1.10–1.40) 1.24 (1.10–1.40) 1.22 (1.08–1.37)

Moderate-Chronic or Multiple Types 58 3438 1.2 (0.88–1.64) 1.38 (1.00–1.91) 1.30 (0.93–1.80) 250 57989 1.49 (1.29–1.72) 1.46 (1.26–1.69) 1.41 (1.21–1.64)

Severe-Chronic or Multiple Types 19 1364 1 (0.61–1.63) 1.10 (0.66–1.82) 1.01 (0.60–1.68) 98 20696 1.61 (1.3–1.99) 1.55 (1.25–1.92) 1.49 (1.20–1.86)

Severe Chronic and Multiple Types 12 803 1.16 (0.63–2.12) 1.29 (0.69–2.41) 1.14 (0.61–2.16) 85 12625 2.3 (1.83–2.88) 2.15 (1.71–2.71) 2.05 (1.62–2.59)

Ptrend 0.51 0.11 0.33 <.0001 <.0001 <.0001

Note: HR = hazard ratio; CI = 95% confidence interval; Adol = adolescent.
aModel 1: Adjusted for age (months), race (white, black, Asian, multiple races, other/unknown), somatogram at age 5 (figure 1, 2, 3, 4 or ≥5), mother’s education (less than high school, completed high school, more than high school), father’s
education (less than high school, completed high school, more than high school), home ownership in infancy (no, yes), and household income in 2001 (<$50 000, $50 000–$99 999, ≥$100 000).
bModel 2: Adjusted for all variables in Model 1 and BMI (<19, 19–20.4, 20.5–21.9, 22–24.9, 25–29.9, ≥30), physical activity (METS/week <3, 3–<9, 9–<18, 18–<27, 27–<42, ≥42), age at menarche (<10, 10, 11, 12, 13, 14, 15, >15), cycle
length between ages 18–22 (<26 days, 26–31 days, 32–50 days, >50 days and irregular cycles), OC use (never, past, current), parity (nulliparous, 1, 2, 3, >3), infertility (no, yes), grams of alcohol per week (0, >0–<5, 5–<10, 10–<15, ≥15),
smoking pack-years (0, >0–5, >5–10, >10–15, >15–20, ≥20), adult physical abuse (none, any), and adult sexual abuse (none, any).
cModel 3: Adjusted for all variables in Model 2 and social support during childhood (very often, often, sometimes, rarely, never).
dLikelihood ratio test (LRT) P-values, tests for heterogeneity between physical abuse, sexual abuse, and cumulative abuse, and infertility.
eSummary of childhood and adolescent physical abuse measured by the Revised Conflict Tactics Scale and sexual abuse measured by the Sexual Experiences Survey.
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context of endometriosis this is supported by reports that women
with endometriosis have lower levels of salivary cortisol than healthy
volunteers (Petrelluzzi et al., 2008; Quinones et al., 2015). In addition,
early life traumatic stress, either through hypocortisolism or other
mechanisms, has also been associated with the inflammatory response

(Suzuki et al., 1997; Nguyen et al., 1998; Deak et al., 2005; Pace et al.,
2006, 2012; Okuyama et al., 2007; Bauer et al., 2010; Brenhouse et al.,
2011; Bertone-Johnson et al., 2012). Whether the pain symptoms
associated with endometriosis are directly attributable to endometrio-
tic lesions has not been determined, however, regardless of the

..................................................................................

.............................................................................................................................................................................................

Table V Hazard ratios of laparoscopically-confirmed endometriosis according to severity, chronicity, and type of violence
exposure in childhood/adolescence among Nurses’Health Study II participants (2001–2013, n = 38 322).

Abuse characteristics Woman-years Cases Hazard ratio (95% confidence interval)

Model 1a Model 2b Model 3c

Abuse Type

None 96232 186 1.00 (referent) 1.00 (referent) 1.00 (referent)

Physical Abuse only 83049 161 1.02 (0.82–1.26) 1.01 (0.82–1.26) 0.98 (0.79–1.22)

Sexual Abuse only 29364 81 1.43 (1.10–1.86) 1.44 (1.11–1.88) 1.42 (1.09–1.85)

Physical and Sexual Abuse 49965 156 1.60 (1.28–1.98) 1.59 (1.27–1.99) 1.50 (1.19–1.89)

Abuse Severity

Severity of Physical Abuse

None 125596 267 1.00 (referent) 1.00 (referent) 1.00 (referent)

Mild Physical abuse 49574 99 0.96 (0.76–1.21) 0.95 (0.75–1.21) 0.93 (0.74–1.18)

Moderate Physical abuse 65044 172 1.24 (1.02–1.50) 1.23 (1.01–1.49) 1.17 (0.96–1.43)

Severe Physical Abuse 18396 46 1.17 (0.85–1.60) 1.09 (0.79–1.51) 0.97 (0.69–1.36)

Ptrend 0.05 0.10 0.38

Severity of Sexual Abuse

None 179281 347 1.00 (referent) 1.00 (referent) 1.00 (referent)

Sexual Touching as Child or Adol 54274 146 1.37 (1.13–1.67) 1.39 (1.14–1.69) 1.37 (1.12–1.67)

Forced Sexual Activity as Child or Adol 19865 74 1.92 (1.49–2.48) 1.92 (1.48–2.49) 1.86 (1.43–2.42)

Forced Sexual Activity as Child & Adol 5190 17 1.56 (0.95–2.58) 1.40 (0.84–2.32) 1.40 (0.85–2.32)

Ptrend <0.0001 <0.0001 <0.0001

Childhood Trauma Scale Scored

5 (None) 28910 52 1.00 (referent) 1.00 (referent) 1.00 (referent)

6–10 144916 291 1.08 (0.81–1.46) 1.11 (0.82–1.49) 1.10 (0.82–1.49)

11–15 57844 164 1.55 (1.13–2.13) 1.55 (1.13–2.13) 1.50 (1.08–2.08)

16–20 20090 68 1.77 (1.22–2.54) 1.73 (1.20–2.51) 1.58 (1.07–2.33)

21–25 6851 9 0.72 (0.35–1.48) 0.68 (0.33–1.39) 0.60 (0.29–1.25)

Ptrend 0.001 0.005 0.07

Cumulative Abuse Historye

No Exposure to Violence 96232 186 1.00 (referent) 1.00 (referent) 1.00 (referent)

Mild/Moderate Single Type 96764 198 1.07 (0.87–1.31) 1.08 (0.88–1.32) 1.06 (0.86–1.30)

Mild-Multiple or Severe-Single Type(s) 37910 106 1.47 (1.15–1.87) 1.47 (1.15–1.88) 1.42 (1.11–1.82)

Moderate-Chronic or-Multiple Types 17982 71 1.95 (1.47–2.57) 1.96 (1.47–2.60) 1.84 (1.37–2.47)

Severe-Chronic or-Multiple Types 6184 13 1.11 (0.63–1.96) 1.06 (0.60–1.88) 0.99 (0.55–1.76)

Severe-Chronic and Multiple Types 3538 10 1.42 (0.74–2.73) 1.36 (0.70–2.63) 1.23 (0.63–2.39)

Ptrend <0.0001 0.0001 0.002

Note: Adol = adolescent.
aModel 1: Adjusted for age (months), race (white, black, Asian, multiple races, other/unknown), somatogram at age 5 (figure 1, 2, 3, 4 or ≥5), mother’s education (less than high
school, completed high school, more than high school), father’s education (less than high school, completed high school, more than high school), home ownership in infancy (no, yes),
household income in 2001 (<$50 000, $50 000–$99 999, ≥$100 000), and social support during childhood (very often, often, sometimes, rarely, never).
bModel 2: Adjusted for all variables in Model 1 and BMI (<19, 19–20.4, 20.5–21.9, 22–24.9, 25–29.9, ≥30), physical activity (METS/week <3, 3–<9, 9–<18, 18–<27, 27–<42, ≥42),
age at menarche (<10, 10, 11, 12, 13, 14, 15, >15), cycle length between ages 18–22 (<26 days, 26–31 days, 32–50 days, >50 days and irregular cycles), OCP use (never, past, cur-
rent), parity (nulliparous, 1, 2, 3, >3), infertility (no, yes), grams of alcohol per week (0, >0–<5, 5-<10, 10–<15, ≥15), smoking pack years (0, >0–5, >5–10, >10–15, >15–20, ≥20),
adult physical abuse (none, any), and adult sexual abuse (none, any).
cModel 3: Adjusted for all variables in Model 2 and social support during childhood (very often, often, sometimes, rarely, never).
dExposure to ‘harsh and punitive parenting’ in childhood (prior to age 11) was assessed using items from the Childhood Trauma Questionnaire short form
eSummary of childhood and adolescent physical abuse measured by the Revised Conflict Tactics Scale and sexual abuse measured by the Sexual Experiences Survey.
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mechanisms underlying the chronic pain in endometriosis, inflamma-
tion has been suggested to play an important role in the relationship
between pain and endometriosis (Stratton et al., 2011).
Limitations of our study need to be considered. Our study popula-

tion was primarily Caucasian female nurses who were middle-aged
(36–53 years) when answering the violence questionnaire. The vio-
lence exposure was recalled by the study participants and thus is sub-
ject to misclassification, and recall bias for the cases who were
diagnosed prior to 2001. In addition, selection bias is also a possibility
if those who chose to return the violence questionnaire did so based
jointly on abuse history and endometriosis risk. However, our results
were similar in a sensitivity analysis including only endometriosis cases
incident after their violence history report. In addition, adult recall of
childhood abuse has been shown to be valid (Widom et al., 1996) and
the levels of abuse reported by our participants are consistent with
national surveys (Briere et al., 2003).
The strengths of the study include its prospective design across 24

years of follow-up among a large cohort with excellent response rates,
detailed information on abuse history, many important covariates
updated at 2-year intervals, and over 3000 laparoscopically-confirmed
cases of endometriosis. We hypothesized that reproductive factors,
including menstrual cycle length, age at menarche, OC use, parity, age
at first birth and adult abuse could be potential mediators for the asso-
ciation between abuse and endometriosis. However, this association
remained with little attenuation even after adjustment for early life, life-
style, reproductive factors, and adult abuse.
Within this large prospective cohort of female nurses, we observed

a strong, dose–response association between severity and chronicity
of abuse in childhood and adolescence and endometriosis risk that
was independent of demographic and potential confounding factors.
Much of the literature relating childhood abuse to adult pain experi-
ences describes an increased incidence of medically unexplained symp-
toms and focuses on healthcare seeking behavior and ‘psychogenic’
symptoms (Moeller et al., 1993; Adler et al., 1989; Finestone et al.,
2000). The findings of this study are therefore of particular importance
as they highlight the association between a history of childhood/ado-
lescence abuse and a pathology commonly associated with chronic
pain in women. Whilst psychosocial factors may still contribute, an
increased focus on the potential underlying biologic mechanisms is
necessary to fully understand these relationships.

Supplementary data
Supplementary data are available at Human Reproduction online.
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