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Abstract
Background: Few modifiable risk factors for epithelial ovarian cancer have been 
identified. We and other  investigators have  found  that  individual psychosocial 
factors related to distress are associated with higher risk of ovarian cancer. The 
present study examined whether co- occurring distress- related factors are associ-
ated with ovarian cancer risk.
Methods: Five distress- related factors were measured repeatedly over 21 years of 
follow- up: depression, anxiety, social isolation, widowhood, and, in a subset or 
women, posttraumatic stress disorder (PTSD). Cox proportional hazards models 
estimate relative risks (RR) and 95% confidence intervals (CI) of ovarian cancer 
for a time- updated count of distress- related factors, in age- adjusted models, then 
further adjusted for ovarian cancer risk factors and behavior- related health risk 
factors.
Results: Across 1,193,927 person- years of follow- up, 526 incident ovarian can-
cers  occurred.  Women  with ≥3  versus  no  distress- related  psychosocial  factors 
demonstrated  increased ovarian cancer  risk  (HRage- adjusted = 1.71; 95% CI = 1.16, 
2.52). No  significant difference  in ovarian cancer  risk was observed  in women 
with one or two versus no distress- related psychosocial factors. In the subsam-
ple with PTSD assessed, ≥3 versus no distress- related psychosocial  factors was 
associated  with  twofold  greater  ovarian  cancer  risk  (HRage- adjusted = 2.08,  95% 
CI = 1.01, 4.29). Further analysis suggested that women at highest ovarian cancer 
risk had PTSD co- occurring with any other distress- related factor (HR = 2.19, 95% 
CI = 1.20, 4.01). Adjusting for cancer risk factors and health behaviors minimally 
impacted risk estimates.
Conclusions: Presence of multiple indicators of distress was associated with risk 
of ovarian cancer. When including PTSD as an indicator of distress, the associa-
tion was strengthened.
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1   |   INTRODUCTION

Epithelial ovarian cancer is the fifth leading cause of fe-
male  cancer  death  in  the  United  States.1  However,  few 
modifiable risk factors have been identified. Psychological 
stress  has  been  linked  to  faster  ovarian  cancer  tumor 
growth, increased invasiveness, and evasion of apoptosis 
in animal and  in vitro models.2– 4 Stress has been  linked 
to multiple biological processes involved in ovarian tumor 
formation,  growth,  and  invasiveness,  including  DNA 
damage and damage repair,5 inflammation, angiogenesis, 
cell motility, and cellular immune response.6– 8

Individually,  various  psychosocial  factors  that  are 
characterized  by  or  commonly  result  in  distress  includ-
ing depression,9,10 anxiety,11 posttraumatic stress disorder 
(PTSD),12 and social isolation13 have been associated with 
a higher risk of developing ovarian cancer in prospective 
studies,  including  in  our  own  research,  though  not  uni-
formly.14  Studies  of  antidepressant  use  have  had  mixed 
findings,15 perhaps because these medications reduce the 
biologic impact of distress on carcinogenesis.

Importantly, prior work examining individual psycho-
social  factors may have misestimated the relationship of 
distress  with  cancer  risk  because  different  forms  of  dis-
tress (e.g., anxiety, depression) frequently co- occur, which 
could  lead  to confounding by unmeasured  forms of dis-
tress  or  misclassification  of  individuals  in  the  reference 
group— who  may  have  been  characterized  as  having  no 
distress  when  in  fact  they  had  other  forms  of  distress. 
For example, if anxiety has a causal effect on cancer inci-
dence, studies of depression that do not account for anxi-
ety would misestimate the association of depression with 
cancer  incidence  given  the  co- morbidity  of  these  condi-
tions.  Meta- analyses  of  the  relation  between  depression 
and cancer incidence have noted that studies typically ac-
count for few potential confounders and rarely account for 
other mental health symptoms or sources of distress.16,17 
Moreover, recent investigations of other diseases suggest 
that the combined effects of multiple forms of psychoso-
cial distress and distress- related factors may be of greater 
magnitude  than  associations  observed  with  any  single 
form.18  Experiencing  multiple  forms  of  distress,  versus 
only  a  single  form,  could  signify  higher  levels  or  more 
persistent distress that more strongly affect biological and 
behavioral dysregulation relevant for disease risk.

Thus, in the present study, we prospectively examined 
the combination of multiple  forms of distress,  including 

depression,  anxiety,  and  PTSD,  and  experiences  com-
monly  associated  with  high  levels  of  distress,  including 
social isolation and widowhood, in relation to risk of de-
veloping ovarian cancer. We use two large prospective co-
horts of women, the Nurses' Health Study (NHS) and the 
Nurses' Health Study II (NHSII) and examine risk overall, 
by  menopausal  status,  and  separately  for  high- grade  se-
rous/poorly differentiated cancers, a common and aggres-
sive form of the disease.

Relevant psychosocial factors were selected based on 
prior work, including in NHS and NHSII, demonstrat-
ing increased risk of incident ovarian cancer with each 
factor  examined  separately.9,11– 13  In  these  prior  analy-
ses,  PTSD  was  more  strongly  associated  with  ovarian 
cancer  than  were  other  types  of  distress.  Therefore, 
in  the current study we also  investigated the extent  to 
which co- occurring PTSD may account  for  the associ-
ation  of  other  types  of  distress  with  incident  ovarian 
cancer risk.

2   |   METHODS

2.1  |  Sample

The  NHS  is  an  ongoing  longitudinal  study  of  121,700 
female  nurses  enrolled  in  1976  at  ages  30– 55 years.  The 
NHSII is a companion study of 116,429 female nurses aged 
24– 42 years  begun  in  1989.  Both  studies  queried  partici-
pants at baseline about lifestyle factors, health behaviors, 
and medical history via questionnaire. Biennial and addi-
tional one- time questionnaires were used to update health 
status  and  distress  measures  over  follow- up.  The  study 
protocol was approved by the institutional review boards 
of the Brigham and Women's Hospital and Harvard T.H. 
Chan School of Public Health, and those of participating 
registries  as  required.  Return  of  questionnaires  by  mail 
constituted  implied  consent.  Signed  releases  were  ob-
tained to collect medical records.

2.2  |  Distress- related psychosocial factors

Five distress- related psychosocial  factors were measured 
repeatedly over follow- up, including depression, anxiety, 
social  isolation,  widowhood,  and,  in  a  subset  of  partici-
pants, PTSD.
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The five- item Mental Health Index (MHI- 5) assessed 
depressive  symptoms  (NHS:  1992,  1996,  2000;  NHS2: 
1993,  1997,  2001).19  Women  were  asked  how  much  of 
the  time  during  the  past  4 weeks  they  felt:  nervous; 
so  down  that  nothing  could  cheer  them  up;  calm  and 
peaceful;  down  and  blue;  or  happy,  with  possible  re-
sponses  ranging  from  “none”  to  “all.”  Responses  were 
scored from 0 to 100, with a score ≤60 indicating moder-
ate or severe depressive symptoms.20 Past- two- year anti-
depressant use was queried starting in 1996 (NHS) and 
1993  (NHSII).  Participants  reported  whether  they  had 
clinician- diagnosed  depression  in  the  previous  2 years, 
starting  in  2000  (NHS)  and  2003  (NHS2).  Participants 
were categorized as having probable depression if  they 
scored ≤60 on the MHI- 5,9,20 reported using antidepres-
sants, or had a depression diagnosis.

Symptoms  of  anxiety  were  assessed  using  the  eight- 
item  Crown- Crisp  phobic  anxiety  index  (CCI)  (NHS: 
1988, 2004; NHSII: 1993, 2005).21 Scores ranged from 0 to 
16, with participants scoring ≥4 classified as having high 
anxiety.22 Psychosocial factors associated with high levels 
of distress, for example, social isolation and self- reported 
widowhood, were assessed every 4 years beginning in 1992 
(NHS)  and  2001  (NHSII).  Social  isolation  was  assessed 
using  the  Berkman– Syme  Social  Network  Index  (SNI), 
which assessed four types of social connections: (1) mar-
ital  status  (married  or  unmarried),  (2)  close  friends  and 
relatives, (3) religious participation, and (4) nonreligious 
group participation.23 Following prior work in the cohort, 
women were considered isolated if they reported having 0 
or 1 type of social connection.13

Every  2 years,  we  created  a  time- updated  count  of 
number  of  distress- related  psychosocial  factors  based 
on the most recent data reported for each factor. As few 
women reported all four types of distress, our highest level 
included participants who reported three or four types.

To  examine  the  association  of  duration  of  distress- 
related factors with ovarian cancer, we coded the number 
of distress- related factors across each 4 years of follow- up 
as: none (reference); high (3 or 4 in both 2- year periods); 
or mixed (at least one in one of the two sequential 2- year 
periods, but fewer than 3 or 4 in both 2- year periods).

In  a  subsample  of  NHSII  women,  information  on 
trauma exposure and PTSD was available. In 2008, lifetime 
exposure to trauma was assessed using the Brief Trauma 
Questionnaire.24 Participants were asked the age at which 
their  worst  traumatic  event  occurred.  Lifetime  PTSD 
symptoms were queried  in relation  to  this event using a 
seven- item scale.25 Women with ≥4 PTSD symptoms were 
considered  to  have  probable  PTSD  in  the  year  of  their 
worst event and subsequently. For this subsample, we cal-
culated a second measure of number of types of distress 
including  five  factors:  depression,  anxiety,  widowhood, 

isolation,  and  PTSD.  As  few  participants  reported  more 
than three types of distress, we combined those reporting 
three to five types into a single level.

2.3  |  Ovarian cancer

Ovarian cancer diagnosis was self- reported on each bien-
nial questionnaire with follow- up through 2015. We iden-
tified additional cases through report by family members 
and via the National Death Index. We obtained an adjudi-
cated indicator by requesting pathology reports or linking 
to  the  relevant  cancer  registry,  to obtain  information by 
which a gynecologic pathologist, blinded to women's ex-
posure status, abstracted information on morphology, his-
tology, stage, and grade. In a sample of 459 ovarian cancer 
cases, concordance between a centralized review of slides 
and  pathology  report  abstraction  was  78%  for  histologic 
type, 79% for grade, and 94% for invasiveness.26

2.4  |  Covariates

Ovarian cancer  risk  factors and relevant health risk  fac-
tors were queried regularly on the biennial questionnaires 
and,  for  the  current  study,  were  time- updated  approxi-
mately  every  2– 4 years.  These  included  duration  of  oral 
contraceptive  use  (never,  <1,  1– 5,  >5 years),  history  of 
tubal ligation or hysterectomy (ever/never), family history 
of ovarian cancer (any/none), menopausal status (pre-  or 
postmenopausal),  parity  (coded  continuously),  smoking 
status  (never,  past,  or  current),  body  mass  index  (BMI; 
<18, 18– 25, 25– 30, or >30 kg/m2), and past- year  leisure- 
time physical activity (<3, 3– 8.9, 9– 17.9, 18– 26.9, or >27 
metabolic equivalent hours/week). Self- report of health- 
related factors has good validity in the NHS cohorts.27,28

2.5  |  Analyses

Follow- up  began  in  the  first  year  by  which  all  distress 
types had been assessed (NHS: 1994; NHSII: 2003, referred 
to henceforth as baseline). Participants were included in 
analyses  if  they  completed  each  first  assessment  of  the 
distress- related psychosocial factors (NHS: 1988 and 1994; 
NHSII: 2001 and 2003), had not been diagnosed with can-
cer at  the  time of  these assessments, and had not had a 
bilateral oophorectomy or menopause due to pelvic irra-
diation prior to each respective baseline. After exclusions, 
65,066 NHS and 50,628 NHSII participants were included. 
Participants  accrued  person- time  from  baseline  until 
the  date  of  ovarian  cancer  diagnosis  (cases),  removal  of 
ovaries,  pelvic  radiation,  breast  cancer  diagnosis,  death, 
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non- responsiveness to biennial questionnaires, or end of 
follow- up in 2019 (non- cases), whichever came first.

We examined the distribution of covariates across the 
number  of  distress- related  factors  in  each  sample.  We 
then  used  Cox  proportional  hazards  models  to  estimate 
relative  risks  (RR)  and  95%  confidence  intervals  (CI)  of 
ovarian  cancer  for  each  time- updated  count  of  distress- 
related factors, separately by cohort. To reduce the likeli-
hood that ovarian cancer symptoms might have induced 
distress,  we  included  a  latency  period  of  4– 6 years.  For 
example, we examined distress- related factors from 2002 
to 2004 and risk of ovarian cancer from 2006 to 2008. We 
assessed  statistical  heterogeneity  across  the  two  cohorts 
using  meta- analysis,  and,  finding  no  substantive  differ-
ence  (I2 < 20%),29  we  pooled  the  data.  We  fit  a  series  of 
models: (1) stratified by age, calendar time in months, and 
cohort, to allow for differences in baseline hazard; (2) fur-
ther adjusted for time- updated ovarian cancer risk factors, 
including oral contraceptive use, tubal ligation, history of 
hysterectomy, family history of breast cancer, use and du-
ration  of  postmenopausal  hormones,  menopause  status, 
and parity; (3) including Model 2 covariates, and further 
adjusted for time- updated behavior- related health risk fac-
tors, including BMI, physical activity, and smoking, which 
may  act  as  mediators.  To  determine  whether  there  was 
a  linear  association  with  increasing  number  of  distress- 
related factors, we tested the trend across number of fac-
tors  as  a  continuous  variable,  ranging  from  0  to  3,  with 
three  representing ≥3. We  additionally  examined  risk  of 
ovarian cancer in relation to longer lasting distress- related 
factors by fitting a model with distress across 4 years as the 
independent variable.

We conducted a secondary analysis in the subsample of 
NHSII  participants  who  provided  information  on  PTSD. 
First,  to directly compare associations  in  this subsample 
with  those  in  the  main  analyses,  we  examined  number 
of  distress- related  psychosocial  factors,  excluding  PTSD, 
with  ovarian  cancer  risk.  Next,  we  added  PTSD  to  the 
count of psychosocial factors and examined risk of ovar-
ian cancer. Finally, as prior work in this cohort has demon-
strated  PTSD  is  strongly  associated  with  ovarian  cancer 
incidence,12 we further ascertained risk of ovarian cancer 
and distress- related factors (i.e., depression, widowhood, 
social  isolation,  and  phobic  anxiety)  in  the  presence  or 
absence  of  PTSD,  using  the  following  categories:  (1)  no 
PTSD and no other distress- related factor [reference], (2) 
no PTSD and ≥1 other factor; (3) PTSD and no other fac-
tors; (4) PTSD and ≥1 other factor. Finally, we examined 
risk of ovarian cancer in models further adjusted for time- 
updated lifetime trauma exposure (any/none) and in mod-
els restricted to trauma- exposed participants.

Sensitivity  analyses  examined  risk  of  Type  2  ovarian 
cancers only (i.e., high grade serous/poorly differentiated). 

For  these  analyses,  women  with  other  types  of  ovarian 
cancer were censored at the date of their cancer diagnosis. 
As cancer risk factors vary by menopausal status, we also 
conducted analyses stratified by menopausal status using 
multiplicative interaction terms and a Wald test to assess 
the p- value for heterogeneity.

For all analyses, inverse probability weighting was used 
to adjust for the probability of each participant surviving 
from cohort enrollment until study baseline. Weights were 
calculated  using  variables  available  at  enrollment  that 
predicted  survival,  including  age,  BMI,  height,  exercise, 
pack- years  of  cigarette  smoking,  alcohol  consumption, 
body shape at age 5, cancer history, occurrence of meno-
pause,  ovary  removal,  use  of  beta  blockers,  parity,  race, 
and ethnicity.

3   |   RESULTS

At baseline, dose- dependent relations were observed be-
tween number of distress- related psychosocial factors and 
current smoking, low physical activity, higher BMI, fam-
ily history of breast  cancer, being post- menopausal,  and 
never using oral contraceptives (Table 1).

In  the  two  cohorts,  526  incident  ovarian  cancers 
occurred  (NHS = 403;  NHSII = 123)  across  1,193,927 
person- years  of  follow- up.  Women  with  ≥3  versus  no 
distress- related psychosocial factors demonstrated signifi-
cantly  increased ovarian cancer risk (HRage- adjusted = 1.71; 
95% CI = 1.16, 2.52; Table 2, Model 1). Further adjustment 
for ovarian cancer risk  factors (HR = 1.66; 95% CI = 1.13, 
2.46; Table 2, Model 2), and health behaviors (HR = 1.64; 
95% CI = 1.10, 2.44; Table 2, Model 3) did not substantially 
attenuate  this  association.  No  significant  difference  in 
ovarian cancer risk was observed in women with one or 
two  versus  no  distress- related  psychosocial  factors.  The 
ptrend for increasing number of distress- related psychoso-
cial factors did not reach statistical significance (p = 0.11). 
Having  persistently  high  distress- related  factors  across 
4 years was associated with risk of ovarian cancer similar 
to that found in the main analysis (fully adjusted model: 
high  number  of  distress- related  factors,  RR = 1.72,  95% 
CI = 1.06,  2.80;  mixed  number  of  factors,  RR = 1.01,  95% 
CI = 0.83, 1.24).

Results were consistent in analyses stratified by meno-
pausal status (Table S1). In sensitivity analyses examining 
high- grade serous/poorly differentiated ovarian cancer as 
the outcome (N = 346 incident cases), women with ≥3 ver-
sus no indicators of distress were at greater risk for devel-
oping  ovarian  cancer  (HRage- adjusted = 1.85;  95%  CI = 1.17, 
2.91;  Table  S2),  further  adjusted  for  ovarian  cancer  risk 
factors (HR = 1.82; 95% CI = 1.15, 2.88) and health behav-
iors (HR = 1.77; 95% CI = 1.10, 2.83).
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3.1  |  PTSD subsample

Over  follow- up, 70 ovarian cancer cases occurred  in  the 
PTSD  subsample.  Replicating  the  main  analysis  in  this 
subsample, women with ≥3 distress- related  factors were 
at  84%  higher  risk  of  ovarian  cancer  (RR = 1.84,  95% 
CI = 0.68– 4.98)  in  the  fully  adjusted  model,  although 
this  did  not  reach  statistical  significance  with  the  lim-
ited cases  (Table 3, Model A). With PTSD  included as a 
distress- related factor, having ≥3 distress- related psycho-
social  factors  versus  none  was  associated  with  twofold 
greater ovarian cancer risk (HR = 2.08; 95% CI = 1.01, 4.29; 
Table 3, Model B).  In  further analyses with distress and 
PTSD considered separately, women with PTSD and any 
other distress- related factor had the highest risk of ovarian 
cancer compared  to  the  reference group of women with 
no PTSD and no other distress- related factors (HR = 2.19, 
95% CI = 1.20– 4.01, Table 3, Model C). Results were simi-
lar  in  models  including  trauma  exposure  as  a  covariate 
and in analyses restricted to trauma- exposed participants 
(Table 4, Models 3– 4).

4   |   DISCUSSION

Women  experiencing  three  or  more  distress- related 
psychosocial factors, including depression, social isola-
tion,  anxiety,  and  widowhood,  were  at  more  than  70% 
increased risk for ovarian cancer incidence than women 
experiencing none of these. This risk estimate is higher 
than previous reports of the association of any of these 
factors individually with ovarian cancer.9,11,13 Similar to 
prior findings, adjusting for health behaviors and ovar-
ian cancer risk factors had a minimal impact on risk es-
timates, suggesting that this association is independent 
of  these  exposures.  Results  were  consistent  or  slightly 
stronger when restricted to Type 2 ovarian cancer cases, 

which  is  important  since  many  known  ovarian  can-
cer  risk  factors  are  only  weakly  associated  with  this 
histotype.30– 32

In  the subsample of women for whom PTSD was as-
sessed,  the association of number of distress- related fac-
tors with ovarian cancer was substantially stronger when 
PTSD was included in the score. Women with PTSD and 
any additional distress- related factors were at greater than 
twofold elevated risk; women with other forms of distress 
but  without  PTSD  were  not  at  elevated  ovarian  cancer 
risk.  However,  it  is  important  to  note  the  limited  num-
ber of cases  in  this subsample, and the high  level of co- 
occurrence of PTSD with other  forms of distress, which 
may reduce the ability to detect modest associations. We 
speculate that other forms of distress may confer risk, al-
beit with somewhat less magnitude relative to PTSD, per-
haps  because  they  have  a  broader  range  of  severity  and 
chronicity. Further, when PTSD occurs with other distress- 
related factors, such as depression or history of childhood 
trauma, the resulting distress is likely to be more chronic 
and severe,33,34 thus potentially having a greater impact on 
carcinogenic processes. It is possible that PTSD indicates 
higher or more consistent levels of vigilance, distress, and 
related  biological  dysregulation,  compared  with  other 
distress- related  factors.  Future  work  with  appropriate 
data is needed to test these hypotheses.

Overall,  our  data  support  the  hypothesis  that  having 
multiple distress- related psychosocial factors is associated 
with increased risk of ovarian cancer incidence, consistent 
with findings that multiple stressful events35 or comorbid 
mental health conditions are associated with worse health 
outcomes.36– 39 Our findings further suggest that relative to 
other distress- related factors, PTSD may be a particularly 
potent  risk  factor,  which  is  consistent  with  our  results 
when examining each distress factor individually.

Distress- related  factors  may  increase  risk  of  ovar-
ian  cancer  primarily  via  alterations  in  key  stress- related 

T A B L E  2   Risk of ovarian cancer by number of distress- related psychosocial factors, Nurses' Health Study, Nurses' Health Study II, 
1994– 2015, N = 115,694.

Distress- related 
psychosocial factors Case/years

Model 1 Model 2 Model 3

Hazard ratio (95% confidence interval)

0 215/508,586 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

1 200/458,189 1.01 (0.83, 1.23) 0.99 (0.82, 1.2) 0.99 (0.82, 1.2)

2 81/187,383 1.05 (0.81, 1.36) 1.03 (0.79, 1.34) 1.02 (0.79, 1.33)

3– 4 30/39,770 1.70 (1.15, 2.50)** 1.65 (1.12, 2.44)* 1.62 (1.09, 2.42)*

Trend 526/1,193,927 1.09 (0.98, 1.22) 1.08 (0.97, 1.20) 1.08 (0.96, 1.20)

Note: Model 1 adjusted for age. Model 2 adjusted for oral contraceptive use, history of tubal ligation and hysterectomy, family history of ovarian cancer, 
duration and use of hormone replacement therapy, menopausal status, and parity. Model 3 further adjusted for physical activity, smoking status, and body 
mass index.
*p < 0.05; **p < 0.01.
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biological  pathways;  it  is  possible  that  individuals  with 
multiple distress factors have more consistent or substan-
tial  dysregulation  of  such  pathways.  Specifically,  social 
isolation,  depression,  anxiety,  and  PTSD  have  all  been 

associated  with  higher  concentrations  of  epinephrine 
and  norepinephrine,40– 43  and  some  evidence  suggests 
that  these  associations  are  stronger  in  persons  with  co- 
occurring distress- related factors.44 These hormones have 

T A B L E  3   Risk of ovarian cancer by number of distress- related psychosocial factors, with and without posttraumatic stress disorder 
(PTSD) included as a measure of distress, restricted to participants with PTSD data, Nurses' Health Study II, 2003– 2015, N = 38,530.

Cases/person- years
Hazard ratio 
(95% CI)

Model A: Depression, phobic anxiety, social isolation, and widowhood

Distress- related psychosocial factors

0 24/137,458 1.00 (Ref)

1 22/141,514 0.85 (0.48, 1.52)

2 19/70,591 1.46 (0.80, 2.65)

3– 4 factors 5/12,584 2.14 (0.81, 5.62)

Trend 70/362,147 1.26 (0.94, 1.68)

Model B: Depression, anxiety, social isolation, widowhood, and PTSD

Distress- related psychosocial factors

0 21/122,854 1.00 (Ref)

1 14/125,915 0.63 (0.32, 1.25)

2 20/79,346 1.48 (0.78, 2.81)

3– 5 factors 15/34,032 2.54 (1.28, 5.06)**

Trend 70/362,147 1.42 (1.09, 1.85)*

Model C: Depression, anxiety, social isolation, and widowhood, by PTSD status

Distress- related psychosocial factors

No PTSD and no other factors 21/122,854 1.00 (Ref)

No PTSD and 1– 4 other factors 22/167,878 0.73 (0.4, 1.33)

PTSD and no other factors 3/14,604 1.29 (0.38, 4.34)

PTSD and 1– 4 other factors 24/56,810 2.41 (1.34, 4.34)**

Note: All models adjusted for age.
* p < 0.05; ** p < 0.01.

T A B L E  4   Risk of ovarian cancer by lifetime trauma exposure and number of distress- related psychosocial factors, Nurses' Health Study 
II, N = 38,530.

Case/years
Model 1: Trauma 
exposure

Model 2: Distress- related 
factors

Model 3: Trauma and 
distress- related factors

Model 4: Restricted 
to trauma- exposed 
participants

N Hazard ratio (95% confidence interval)

Lifetime trauma exposure

No 15/79,820 1.00 (Ref) –  1.00 (Ref) – 

Yes 55/282,327 0.99 (0.56, 1.74) 0.86 (0.48, 1.54)

Distress- related psychosocial factors

0 21/123,276 –  1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

1 14/126,139 –  0.60 (0.30, 1.20) 0.59 (0.30, 1.18) 0.42 (0.18, 0.99)*

2 21/79,165 –  1.38 (0.74, 2.60) 1.36 (0.73, 2.54) 1.21 (0.60, 2.41)

3– 4 14/33,566 –  2.14 (1.06, 4.35)* 2.08 (1.04, 4.13)* 2.05 (0.98, 4.27)

Trend 70/328,581 –  1.35 (1.03, 1.76)* 1.33 (1.03, 1.73)* 1.36 (1.01, 1.83)*

Note: All models adjusted for oral contraceptive use, history of tubal ligation and hysterectomy, family history of ovarian cancer, duration and use of hormone 
replacement therapy, menopausal status, parity, physical activity, smoking status, and body mass index.
* p < 0.05.
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been  implicated  in  promoting  tumor  initiation,  growth, 
metastasis, and invasiveness, and reduced survival.2,3,5,45– 49 
Norepinephrine can induce DNA strand breaks and inhibit 
DNA repair, factors particularly critical in the development 
of high- grade serous carcinoma.5,45,46 Norepinephrine has 
been  associated  with  disruption  of  apoptosis  and  lower 
levels  of  anoikis  (a  process  by  which  cells  enter  apopto-
sis after separation  from neighboring cells and  the extra-
cellular  matrix)  in  several  cancers,  including  ovarian.49 
Norepinephrine treatment of ovarian cancer cells increases 
expression of DUSP1, a phosphatase related to preventing 
apoptosis  in cancer cell  lines.50 Notably, a key early tran-
scriptional response to norepinephrine is upregulation of 
DUSP1 in normal immortalized cell lines from both ovar-
ian  and  fallopian  tube  surface  epithelium.51  Thus,  both 
biologic  and  epidemiological  studies  support  a  role  for 
distress- related factors and chronic norepinephrine activa-
tion in the development and progression of ovarian cancer.

Our study has several limitations. Our sample included 
primarily White professional women; thus, generalizability 
may be limited, and levels of distress- related psychosocial 
factors  may  be  somewhat  lower  in  this  high  functioning 
group  compared  to  the  general  population.  Indicators  of 
distress  were  measured  intermittently  across  follow- up, 
and  PTSD  symptoms  were  queried  only  in  a  subset  of 
women,  retrospectively  in  2008,  potentially  introducing 
some misclassification and reducing power in the analysis 
including  PTSD.  However,  in  this  sample  social  isolation 
and anxiety were fairly stable across follow- up (social iso-
lation, intraclass correlation coefficient [ICC] = 0.68,52 anx-
iety, ICC = 0.66).53 Some common forms of distress linked 
to increased risk of disease outcomes in other work, such 
as loneliness or anger, were not queried. Our study also has 
important  strengths.  Multiple  indicators  of  distress  were 
queried prospectively and repeatedly across decades of fol-
low- up in a large and well- characterized cohort. Presence 
and  type of ovarian cancer were confirmed with medical 
record  review,  and  many  ovarian  cancer  risk  factors  and 
distress- related health behaviors were queried throughout 
follow- up, allowing for statistical adjustment.

5   |   CONCLUSIONS

We found that the presence of multiple indicators of dis-
tress  was  associated  with  greater  risk  of  ovarian  cancer 
than having a single indicator, and that PTSD may be the 
most  strongly  associated  distress- related  ovarian  cancer 
risk factor. This finding may help identify women at high 
risk  for whom  interventions  to  reduce distress might be 
beneficial  beyond  the  mental  health  benefits  and  may 
also  suggest  that  shared  biological  pathways  across  dif-
ferent  types  of  distress  are  involved  in  ovarian  cancer 

development. Our findings also support the need to simul-
taneously consider multiple distress- related psychosocial 
factors. Overall, our findings add important evidence that 
the association of distress with ovarian cancer incidence 
and progression may be causal, due to the dose- dependent 
relationship we found and careful accounting for known 
behavioral and ovarian cancer risk factors. Multiple forms 
of distress in women may not only indicate poor mental 
health  but  also  indicate  risk  of  cancer  and  other  poten-
tially fatal outcomes.54 Future research should determine 
whether  preventing,  mitigating,  and  treating  distress 
could reduce subsequent poor health outcomes. Our find-
ings  may  ultimately  be  important  for  clinical  practice, 
to  improve  risk- prediction  models  to  identify  high- risk 
women  who  could  benefit  from  preventive  measures, 
such as opportunistic bilateral salpingectomy as an alter-
native to tubal ligation or during hysterectomy.
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