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IMPORTANCE Posttraumatic stress disorder (PTSD) is a common, debilitating mental disorder
that has been associated with type 2 diabetes mellitus (T2D) and its risk factors, including
obesity, in cross-sectional studies. If PTSD increases risk of incident T2D, enhanced
surveillance in high-risk populations may be warranted.

OBJECTIVE To conduct one of the first longitudinal studies of PTSD and incidence of T2D in a
civilian sample of women.

DESIGN, SETTING, AND PARTICIPANTS The Nurses’ Health Study II, a US longitudinal cohort of
women (N = 49 739). We examined the association between PTSD symptoms and T2D
incidence over a 22-year follow-up period.

MAIN OUTCOMES AND MEASURES Type 2 diabetes, self-reported and confirmed with
self-report of diagnostic test results, symptoms, and medications, a method previously
validated by physician medical record review. Posttraumatic stress disorder was assessed by
the Short Screening Scale for DSM-IV PTSD. We examined longitudinal assessments of body
mass index, smoking, alcohol intake, diet quality, physical activity, and antidepressant use as
mediators of possible increased risk of T2D for women with PTSD. The study hypothesis was
formulated prior to PTSD ascertainment.

RESULTS Symptoms of PTSD were associated in a dose-response fashion with T2D incidence
(1-3 symptoms: hazard ratio, 1.4 [95% CI, 1.2-1.6]; 4 or 5 symptoms; hazard ratio, 1.5 [95% CI,
1.3-1.7]; 6 or 7 symptoms: hazard ratio, 1.8 [95% CI, 1.5-2.1]). Antidepressant use and a higher
body mass index associated with PTSD accounted for nearly half of the increased risk of T2D
for women with PTSD. Smoking, diet quality, alcohol intake, and physical activity did not
further account for increased risk of T2D for women with PTSD.

CONCLUSIONS AND RELEVANCE Women with the highest number of PTSD symptoms had a
nearly 2-fold increased risk of T2D over follow-up than women with no trauma exposure.
Health professionals treating women with PTSD should be aware that these patients are at
risk of increased body mass index and T2D. Comprehensive PTSD treatment should be
expanded to address the health behaviors that contribute to obesity and chronic disease in
affected populations.
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P osttraumatic stress disorder (PTSD) occurs following ex-
posure to a potentially traumatic life event and is de-
fined in DSM-V by 4 symptom clusters: intrusion, avoid-

ance, negative alterations in cognition and mood, and
alterations in arousal and reactivity. Posttraumatic stress dis-
order is a common and debilitating disorder with an esti-
mated lifetime prevalence of 10.4% among women in the
United States.1 Posttraumatic stress disorder has been associ-
ated with inflammation,2 neuroendocrine dysfunction,3 poor
diet, and low physical activity,4 all risk factors for type 2 dia-
betes mellitus (T2D). Research has shown an association of
PTSD with T2D,5-10 raising important questions about whether
women with PTSD are at increased risk of T2D and whether
the treatment of PTSD would prevent T2D.

However, most studies5,11 examining the association of
PTSD with T2D have been limited in terms of causal inference
by use of cross-sectional data. It is unclear from these stud-
ies, therefore, whether PTSD increases risk of T2D, whether T2D
increases risk of PTSD, or whether the 2 conditions are asso-
ciated owing to shared risk factors, such as childhood abuse
or depression. To our knowledge, only 3 longitudinal studies
have examined PTSD in relation to T2D onset. The first study,7

using a military sample of more than 44 000 persons, found
that service members with PTSD at baseline were twice as likely
to develop T2D over the 3 years of follow-up than those with-
out PTSD. A study12 of male Vietnam-era veteran twins
(N = 4340) also found PTSD associated with incident T2D. The
applicability of these studies7,12 to the general population is un-
certain, however, owing to their use of primarily or exclu-
sively male participants from military samples. An additional
study13 of survivors of the World Trade Center disaster found
an increased risk of T2D over 9 years of follow-up among per-
sons with PTSD compared with persons without PTSD at base-
line (N = 36 899). However, the study13 relied exclusively on
participant report to ascertain T2D incidence. In addition, to
our knowledge, no studies have examined pathways by which
PTSD may increase risk for T2D, such as increased body mass
index (BMI), health behaviors, or antidepressant use.

Thus, it remains largely unknown whether (1) T2D and
PTSD are associated because PTSD increases risk of T2D or, in-
stead, because T2D increases risk of PTSD, or owing to shared
risk factors; (2) PTSD increases risk for T2D in the civilian popu-
lation; and (3) the extent to which increased BMI, health be-
haviors, or antidepressant use among persons with PTSD might
account for possible increased risk of T2D. In the present study,
we examine the association between PTSD symptoms and T2D
incidence, validated in a substudy with medical record re-
view, in a 22-year longitudinal study of women (the Nurses’
Health Study II). We further examine BMI, smoking, diet, al-
cohol intake, and physical activity as mediators of possible in-
creased risk of T2D among women with PTSD.

Methods
Setting and Participants
The Nurses’ Health Study II is a cohort of 116 430 US female
nurses, 24 to 42 years of age at enrollment in 1989 and fol-

lowed biennially. In 2008, 60 804 women were mailed a
supplementary questionnaire that assessed trauma exposure
and PTSD symptoms (to retain participation in the main lon-
gitudinal study, only women who had returned the most re-
cent biennial questionnaire were sent this supplemental
questionnaire)14; 54 282 participants returned the question-
naire (for a response rate of 89%). This study was approved by
the institutional review board of Brigham and Women’s Hos-
pital in Boston, Massachusetts. Return of the questionnaire via
US mail constitutes implied consent.

Measures
Trauma and PTSD
Lifetime exposure to any of 16 traumatic events was queried
with a modified version of the Brief Trauma Interview15 (Paula
P. Schnurr, PhD, Melaine J. Vielhauer, PhD, and Frank W. Weath-
ers, PhD, unpublished data, 1995; eTable in the Supplement).
Participants were asked to indicate the event that they con-
sidered the worst and to report their age at occurrence. Women
also reported the age at which they experienced their first trau-
matic event. Symptoms of PTSD were determined by query-
ing participants with respect to the worst traumatic event using
the 7-item Brief Screening Scale for DSM-IV PTSD16 (eg, “Since
the event, have there ever been times when you became jumpy
or got easily startled by ordinary noises”).

Trauma and PTSD were coded as time varying. For each
year of the study, participants were categorized into 1 of 5
groups based on their report of the year of their first trau-
matic event and the year of their worst traumatic event: (1) no
exposure to trauma, (2) exposure to trauma and no PTSD (en-
dorsed at least 1 traumatic event and reported no PTSD symp-
toms), (3) exposure to trauma and reported 1 to 3 PTSD symp-
toms, (4) exposure to trauma and reported 4 or 5 PTSD
symptoms, or (5) exposure to trauma and reported 6 or 7 PTSD
symptoms. Prior to the year of their first trauma, or if they did
not experience a trauma, women were categorized as having
no trauma exposure. After the year they reported experienc-
ing their first trauma, women were considered exposed to
trauma, but with no PTSD symptoms. Following the year in
which they reported their worst trauma as having occurred,
women were assigned to a trauma/PTSD category according
to the number of symptoms they reported. If a woman re-
ported only 1 event, the year of her first trauma and her worst
trauma would be the same.

Type 2 Diabetes
In each biennial questionnaire, women were asked whether
they had received a diagnosis of T2D in the past 2 years. Re-
spondents reporting a diagnosis were then mailed a question-
naire asking for the results of diagnostic tests and for infor-
mation about symptoms and medications. Type 2 diabetes was
diagnosed following the National Diabetes Data Group
criteria.17,18 For T2D cases identified after 1998, the American
Diabetes Association criteria were applied. This approach to
T2D diagnosis (namely, self-report by medical professionals
plus a follow-up questionnaire) has been validated by medi-
cal record review for 62 women in the Nurses’ Health Study I
(98% confirmation of T2D)19 and for 59 men in the Health Pro-

Research Original Investigation Posttraumatic Stress Disorder and Incidence of Type 2 Diabetes

204 JAMA Psychiatry March 2015 Volume 72, Number 3 (Reprinted) jamapsychiatry.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2015 American Medical Association. All rights reserved.

fessionals Follow-up Study (97% confirmation of T2D).18 In a
validation study to determine undiagnosed T2D, only 1 of a ran-
dom sample of 200 participants who had never reported T2D
had a fasting plasma glucose or plasma fructosamine level in
the diabetic range.20 Women who reported T2D but who did
not return the follow-up questionnaire are not considered T2D
cases and are censored at the year of the reported T2D (195 of
the 3543 women who self-reported T2D [5.5%]).

Body Mass Index
Body mass index (calculated as weight in kilograms divided
by height in meters squared) was calculated from biennially
self-reported height and weight. Self-reported weight was vali-
dated with in-person weighing in a subgroup (n = 184; Spear-
man ρ = 0.96).

Health Behaviors
Cigarette smoking was queried biennially and was catego-
rized as never, former, or current smoker of 1 to 14, 15 to 24, or
25 or more cigarettes per day. Diet was assessed in 1991, 1995,
1999, 2003, and 2005 with the Food Frequency Questionnaire,21

which queried consumption in the past 12 months of a wide
range of foods. Diet quality was quantified using the Alterna-
tive Healthy Eating Index, which has been associated with T2D,
cardiovascular disease, coronary heart disease, and stroke.22

We divided the index into quintiles, with the highest quintile
representing the healthiest diet. Physical activity was que-
ried in 1991, 1997, 2001, and 2005 and was categorized as less
than 3.0, 3.0 to 8.9, 9.0 to 17.9, 18.0 to 26.9, or 27.0 or more meta-
bolic equivalent task hours per week. Alcohol intake from wine,
beer, and liquor was assessed in 1989, 1991, 1995, 1999, 2003,
and 2007 and was measured in grams per day.

Antidepressant Use
Lifetime history of antidepressant use (any or none) was as-
sessed in 1993. Regular antidepressant use in the past 2 years
was assessed in 6 waves, from 1997 to 2009. We created a single
time-varying recent antidepressant use variable. Women who
endorsed lifetime antidepressant use in 1993 were coded as
having used antidepressants for the years 1989-1993, and their
use was updated as available.

Childhood Abuse
Childhood abuse was assessed in 2001. Physical and emo-
tional abuse before the age of 12 years was assessed with 5 ques-
tions from the Physical and Emotional Abuse Subscale of the
Childhood Trauma Questionnaire, coded continuously.23

Sexual abuse before the age of 18 years was assessed with 4
questions about unwanted, forced, or coerced sexual contact
by an adult or older child and was coded as none, mild, mod-
erate, or severe.24,25

Comorbid Mental Illness
Depressive symptoms were measured by the 5-item Mental
Health Scale of the 36-Item Short Form Health Survey (SF-36)
in 1993 and updated in 1997 and 2001. The score was dichoto-
mized as recommended to indicate high or low depressive
symptoms.26 Phobic anxiety, measured with the Crown-

Crisp index,27 and past-year binge drinking (any or none) were
assessed in 2005. Other mental disorders were not assessed in
the Nurses’ Health Study II.

Women were not included in our analyses if they did not
receive the PTSD questionnaire (62 148 of 116 430 women
[53.4%]), did not return the questionnaire (6612 women [5.8%]),
ever had type 1 diabetes (22 women [0.02%]), had T2D at base-
line in 1989 or before (357 women [0.03%)], were exposed to
trauma but did not report their age at the time of their worst
trauma (2826 women [2.4%]), or were missing PTSD symp-
toms (1187 women [1.0%]). The women who were not in-
cluded in our study were similar to those who were (N = 49 739)
in terms of cumulative incidence of T2D from 1989 to 2011 (5.5%
vs 6.2%; P = .13) and childhood somatotype (participants se-
lected 1 of 9 pictograms of body size at 5 years of age28,29; high-
est somatotype, 7.1% vs 6.8%; P = .22). Parental T2D was slightly
lower (maternal T2D, 12.2% vs 12.8% [P = .02]; paternal T2D,
14.7% vs 15.9% [P = .001]), and mean BMI at baseline was
slightly higher (24.3 vs 23.9; P = .006), for women not in-
cluded in our study than for those included.

Statistical Analysis
To determine whether women with PTSD symptoms were at
greater risk for T2D, we calculated hazard ratios (HRs) for T2D
incidence with PTSD as the independent variable. Partici-
pants contributed person-time from baseline in 1989 until their
last returned questionnaire, T2D diagnosis, or the end of fol-
low-up in 2011. As women entered the study at 24 to 44 years
of age, we used left-truncated Cox proportional hazards mod-
els with age as the time scale to calculate HRs.

To investigate the extent to which higher BMI in women
with vs without PTSD accounted for possible increased risk of
T2D for women with PTSD, we added BMI, updated bienni-
ally, as a time-varying covariate to the model. Using the SAS
MEDIATE Macro,30,31 we estimated the extent to which in-
creased BMI in women with PTSD symptoms accounted for
possible increased T2D incidence in this group compared with
women who had not experienced a traumatic event. Next, to
estimate the extent to which worse health behaviors among
women with vs without PTSD accounted for possible in-
creased risk of T2D for women with PTSD over and above the
effects of BMI, we added diet, smoking, alcohol intake, and
physical activity, updated every 2, 4, or 6 years as available,
as time-varying covariates to the model. Finally, we added time-
varying recent antidepressant use to the model to assess the
possible effects of psychiatric mediations on risk of T2D for
women with PTSD.

We conducted 4 additional analyses to further explore our
results. First, because childhood abuse is associated with PTSD
and has been associated with T2D in this cohort32 and there-
fore may have accounted for an association between PTSD and
incidence of T2D, we repeated our analyses, further adjusted
for childhood abuse. Second, because comorbid mental ill-
nesses rather than PTSD itself may have accounted for an as-
sociation between PTSD and incidence of T2D, we included de-
pressive symptoms as a time-varying covariate, binge drinking,
and phobic anxiety in an additional model. Because depres-
sion, binge drinking, and phobic anxiety may have been se-
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quelae of PTSD, the estimate of the HR associated with PTSD
may be biased toward the null in this model. Third, we exam-
ined the reverse of our hypothesis: namely, that T2D in-
creased risk for PTSD. We calculated HRs for PTSD symptoms
with T2D as the independent variable. Fourth, because our
main analyses relied on retrospective recall of the timing of
traumatic events, we conducted a prospective analysis exam-
ining T2D incidence after the assessment of trauma and PTSD
(ie, 605 women had T2D in 2009-2011; women with T2D in 2008
or earlier were excluded).

All models were adjusted for respondent’s self-reported
race/ethnicity (self-reported and coded as white, African Ameri-
can, Asian, Hispanic, or other/missing), somatotype at 5 years
of age (assessed in 9 levels ranging from very thin to ex-
tremely obese), the maximum of parents’ education, and ma-
ternal and paternal T2D.

Results
Just over a quarter of the sample (14 914 of 54 282 women
[27.5%]) did not report experiencing a traumatic event at or be-
fore baseline in 1989 (Table 1); these women served as the ref-
erence group for the analyses. Fifty-one percent of this co-
hort reported experiencing a trauma and reported no history
of PTSD symptoms. Four percent of this cohort reported the
highest number of PTSD symptoms (6 or 7 symptoms). Com-
pared with women who were unexposed to trauma, women
with the highest number of PTSD symptoms were slightly more
likely to have had the highest somatotype at 5 years of age (8.4%
vs 6.1%), be white (94.7% vs 93.5%), and have had a mother
with T2D (13.5% vs 11.9%) (Table 1).

In the 22 years of follow-up, 3091 of 49 739 women devel-
oped T2D (6.2%). Women with PTSD symptoms had a higher
incidence of T2D than women unexposed to a traumatic event
in a dose-response fashion. There were 4.6 cases per 1000 per-
son-years (236 cases per 50 835 person-years) among women
with 6 or 7 PTSD symptoms; 3.9 cases per 1000 person-years
(313 cases per 80 058 person-years) among women with 4 or
5 symptoms; 3.7 cases per 1000 person-years (472 cases per
128 344 person-years) among women with 1 to 3 symptoms;
2.8 cases per 1000 person-years (1467 cases per 516 784 person-
years) among trauma-exposed women with no PTSD symp-
toms; and 2.1 cases per 1000 person-years (540 cases per
252 308 person-years) in the reference group of women unex-
posed to trauma (Figure).

We also observed a dose-response relationship between
PTSD symptoms and the incidence rate of T2D in survival analy-
ses adjusted for race, childhood somatotype, and parental fac-
tors (model 1 in Table 2). Women with 6 or 7 PTSD symptoms
had the highest risk of T2D onset (HR, 1.8 [95% CI, 1.5-2.1]), fol-
lowed by women with 4 or 5 symptoms and women with 1 to
3 symptoms, compared with women unexposed to trauma.

After adjusting for BMI, the relationship between PTSD and
the incidence of T2D was attenuated (model 2 in Table 2). Fur-
ther adjustment for smoking, physical activity, and diet did not
alter the association between PTSD and T2D (model 3 in
Table 2). Additional adjustment for antidepressant use fur-

ther attenuated the association between PTSD and T2D, al-
though it remained statistically significant (model 4 in Table 2).
In this final model, BMI accounted for 14.3%, smoking, physi-
cal activity, and diet accounted for 2.6%, and antidepressant
use accounted for 33.8% of the association between PTSD and
incidence of T2D.

In analyses adjusted for childhood abuse, the relation-
ship between PTSD status and T2D incidence was somewhat
attenuated (6 or 7 symptoms: HR, 1.5 [95% CI, 1.2-1.7]; 4 or 5
symptoms: HR, 1.4 [95% CI, 1.2-1.6]; 1-3 symptoms: HR, 1.2 [95%
CI, 1.1-1.5]; P < .001 for all). In analyses adjusted for depres-
sive symptoms, binge drinking, and phobic anxiety, the rela-
tionship between PTSD and T2D was somewhat attenuated but
remained statistically significant (6 or 7 symptoms: HR, 1.3 [95%
CI, 1.1-1.7]; 4 or 5 symptoms: HR, 1.3 [95% CI, 1.2-1.7]; 1-3 symp-
toms: HR, 1.3 [95% CI, 1.1-1.5]). Results were similar in analy-
ses adjusted for both mental health indicators and childhood
abuse.

In models examining the reverse of our hypothesis, we
found no evidence that T2D increased risk for PTSD. There was
no association between T2D onset before 2000 and risk of PTSD
between 2000 and 2007 (730 women with T2D and 46 319
women without T2D; HR, 1.0 [95% CI, 0.3-3.1]).

In the prospective analysis estimating the association of
PTSD with risk of T2D from 2009 to 2011, we found a statisti-
cally significant increased risk of T2D among women with
PTSD symptoms (trauma/no PTSD symptoms: HR, 1.19
[95% CI, 0.96-1.47] [P = .11]; 1-3 PTSD symptoms: HR, 1.69 [95%
CI, 1.32-2.15] [P < .001]; 4 or 5 PTSD symptoms: HR, 1.40
[95% CI, 1.05-1.85] [P = .02]; 6 or 7 PTSD symptoms: HR, 1.72
[95% CI, 1.26-2.34] [P = .006]).

Because women with PTSD symptoms may be more heav-
ily involved with the health care system than women with-
out PTSD systems, and therefore more likely to receive a di-
agnosis of T2D if they have T2D, we examined the association
of PTSD with incident T2D, excluding women whose T2D was
detected from screening only (eg, women who did not have
T2D symptoms when they received their diagnosis). The as-
sociation of PTSD with T2D incidence was the same for these
women. In addition, because women with PTSD symptoms
may be more likely than women without PTSD to receive fast-
ing glucose tests owing to increased involvement in the health
care system, and therefore more likely to have existing T2D de-
tected, we adjusted for self-reported time-varying fasting glu-
cose tests, beginning in 1999 and updated biennially; the PTSD-
T2D relationship was only slightly attenuated in these analyses.

Discussion
We found that over 22 years of follow-up, PTSD symptoms were
associated in a dose-response fashion with the onset of T2D.
Women with the highest number of PTSD symptoms had a
nearly 2-fold increased risk of T2D compared with women with-
out exposure to trauma. Our results provide the strongest evi-
dence to date that there may be a causal relationship be-
tween PTSD symptoms and T2D incidence. In addition, we
identified antidepressant use and increased BMI as likely prin-
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cipal mechanisms for the increased risk of T2D among women
with PTSD symptoms. However, even after adjustment for BMI,
smoking, diet, alcohol consumption, physical activity, and an-
tidepressant use, PTSD remained a significant predictor of T2D
incidence, suggesting that other pathways may link PTSD with
T2D risk. In addition, we found no support for the reverse of
our hypothesis: that T2D increased risk for PTSD.

Our findings are consistent with the 3 prior longitudinal
studies that have examined PTSD and risk of T2D onset.7,12,13

Our study builds on this work by examining T2D onset, as-
sessed longitudinally, in a large population-based sample of
women followed for 22 years. In addition, a T2D diagnosis was
ascertained on the basis of T2D symptoms and treatment, a
method previously validated against medical record review.

Table 1. Demographic and Family Factors, Stratified by Number of Symptoms of Posttraumatic Stress Disorder at Baseline
(Nurses’ Health Study II, 1989-2011)

Factor

Women, No. (%)

P Value
No Trauma

(n = 14 914)

Trauma,
No Symptoms
(n = 25 308)

Trauma, 1-3
Symptoms
(n = 4752)

Trauma, 4 or 5
Symptoms
(n = 2868)

Trauma, 6 or 7
Symptoms
(n = 1897)

Parents’ education at birth,
≥college

3530 (23.7) 5657 (22.4) 1091 (23.0) 633 (22.1) 473 (24.9) <.05

Maternal T2D 1767 (11.9) 3283 (13.0) 622 (13.1) 403 (14.1) 256 (13.5)
<.01

Paternal T2D 2317 (15.5) 4093 (16.2) 779 (16.4) 428 (14.9) 307 (16.2)

Highest somatotype
at 5 years of age

916 (6.1) 1784 (7.1) 315 (6.6) 221 (7.7) 159 (8.4) <.01

Race

African American 108 (0.7) 261 (1.0) 52 (1.1) 24 (0.8) 14 (0.7)

<.05

Hispanic 139 (0.9) 343 (1.4) 70 (1.5) 37 (1.3) 23 (1.2)

Asian 235 (1.6) 295 (1.2) 44 (0.9) 18 (0.6) 19 (1.0)

White 13 939 (93.5) 23 750 (93.8) 4472 (94.1) 2716 (94.7) 1796 (94.7)

Other 493 (3.3) 659 (2.6) 114 (2.4) 73 (2.6) 45 (2.4)

Smoking

Never 10 785 (72.3) 16 633 (65.7) 2957 (62.2) 1744 (60.8) 1053 (55.5)

<.001

Past 2699 (18.1) 5672 (22.4) 1182 (24.9) 773 (27.0) 524 (27.6)

Currently 1-14
cigarettes/d

612 (4.1) 1173 (4.6) 234 (4.9) 125 (4.4) 122 (6.4)

Currently 15-24
cigarettes/d

535 (3.6) 1205 (4.8) 237 (5.0) 159 (5.5) 115 (6.1)

Currently ≥25
cigarettes/d

237 (1.6) 547 (2.2) 123 (2.6) 53 (1.9) 76 (4.0)

Missing data 46 (0.3) 78 (0.3) 19 (0.4) 14 (0.5) 7 (0.4)

Alcohol intake, g/d

0 5349 (35.9) 9164 (36.2) 1720 (36.2) 1090 (38.0) 765 (40.3)

<.001

1 to <5 6435 (43.2) 10 822 (42.8) 1977 (41.6) 1203 (42.0) 716 (37.7)

5 to <10 1665 (11.2) 2808 (11.1) 528 (11.1) 286 (10.0) 203 (10.7)

10 to <20 1154 (7.7) 1914 (7.6) 409 (8.6) 221 (7.7) 156 (8.2)

≥20 197 (1.3) 405 (1.6) 90 (1.9) 48 (1.7) 39 (2.1)

Missing data 114 (0.8) 195 (0.8) 28 (0.6) 20 (0.7) 18 (1.0)

Physical activity, MET h/wk

<3.0 2177 (14.6) 3516 (13.9) 721 (15.2) 391 (13.6) 289 (15.2)

<.05

3.0-8.9 3482 (23.4) 5858 (23.2) 1121 (23.6) 655 (22.8) 418 (22.0)

9.0-17.9 3139 (21.1) 5454 (21.6) 1008 (21.2) 616 (21.5) 364 (19.2)

18.0-26.9 1977 (13.3) 3352 (13.2) 659 (13.9) 406 (14.2) 272 (14.3)

≥27.0 4139 (27.8) 7128 (28.2) 1243 (26.2) 800 (27.9) 554 (29.2)

Alternative Health Eating
Index

1st Quintile (worst) 3056 (20.5) 4576 (18.1) 801 (16.9) 480 (16.7) 297 (15.7)

<.001

2nd Quintile 2833 (19.0) 4661 (18.4) 888 (18.7) 509 (17.8) 302 (15.9)

3rd Quintile 3874 (26.0) 6535 (25.8) 1207 (25.4) 713 (24.9) 483 (25.5)

4th Quintile 17.4 (2591) 4793 (18.9) 856 (18.0) 540 (18.8) 361 (19.0)

5th Quintile (best) 2498 (16.8) 4629 (18.3) 981 (20.6) 616 (21.5) 441 (23.3)

Missing data 62 (0.4) 114 (0.5) 19 (0.4) 10 (0.4) 13 (0.7)

Abbreviations: MET, metabolic equivalent task; T2D, type 2 diabetes mellitus.
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Thus, our estimates of T2D risk are likely to be more general-
izable to the general civilian population and unlikely to rep-
resent reverse causation (namely, the effects of T2D on men-
tal health) compared with prior cross-sectional studies.2,5,9,10

Posttraumatic stress disorder may increase the risk of T2D
through several pathways aside from BMI, antidepressant use,
and the health risk behaviors that we examined. Posttrau-
matic stress disorder is associated with elevated inflamma-
tory markers,33 and the molecules involved in the inflamma-
tory process (eg, IL-6 and tumor necrosis factor) may increase
insulin resistance.2 Posttraumatic stress disorder has been
linked to an increased blood concentration of C-reactive
protein.34 C-reactive protein has been found to predict T2D on-
set in a dose-response fashion in prospective studies. Post-
traumatic stress disorder is also associated with sleep
disturbance,35-37 which has been associated with risk of
T2D.38-40 Posttraumatic stress disorder has further been asso-
ciated with alterations to the hypothalamic-pituitary-
adrenal axis.41 Dysfunction of the hypothalamic-pituitary-
adrenal axis has been linked to visceral obesity, insulin
resistance, and T2D.3

The association of PTSD with T2D remained after adjust-
ment for depressive symptoms, binge drinking, phobic anxi-
ety, and childhood abuse. Because depressive symptoms, binge
drinking, and phobic anxiety may have been subsequent to
PTSD onset, and childhood abuse may have been the PTSD-
triggering event, adjustment for these factors likely repre-

sents an overadjustment and biases estimates toward the null.
Nonetheless, adjustment for childhood abuse may capture a
host of negative childhood circumstances that could be asso-
ciated with both PTSD and T2D, such as low socioeconomic sta-
tus, poor parent-child relationship, and emotional dysregula-
tion. Thus, these models likely capture potential prior common
causes of PTSD and T2D not included in other studies. Future
studies should also consider other anxiety disorders as poten-
tial confounders of the association between PTSD and T2D be-
cause generalized anxiety disorder, social phobia, and agora-
phobia have been associated with T2D.42-44

Our study included predominantly white professional
women; therefore, we cannot be certain that results apply to
other demographic groups. Owing to the large size of the
Nurses’ Health Study II cohort, we used a screening instru-
ment to assess symptoms of PTSD. The use of screening in-
struments is consistent with a large body of epidemiologic re-
search but does not constitute a clinical diagnosis. Our results
may therefore underestimate the relationship between PTSD
and risk of T2D onset, to the extent that women with PTSD
symptoms based on the screening instrument did not actu-
ally have PTSD. Future research using a clinician-admin-
istered structured interview is needed. Such research should
also consider whether subthreshold PTSD also increases risk,
given the dose-response nature of our findings.

Data were collected using DSM-IV PTSD criteria. Al-
though studies comparing PTSD diagnosis under DSM-IV and
DSM-V criteria have found that the vast majority of cases di-
agnosed using DSM-V also meet criteria under DSM-IV, fu-
ture research should use the DSM-V criteria.45 Our use of a ret-
rospective assessment of trauma and PTSD symptoms may
have reduced accuracy in both the assessment of PTSD and the
timing of the triggering traumatic event, compared with con-
temporaneous assessment of trauma and PTSD.

Moreover, to reduce participant burden, we did not col-
lect data on age of participant at every traumatic event, and
we assessed PTSD symptoms only with respect to the partici-
pant’s self-identified worst event. Because many women
experienced multiple traumas, women may have had PTSD
symptoms from an event prior to their worst event. This
measurement error may have biased our estimates of the
association between PTSD and T2D. If T2D onset affected
recall of traumatic events or PTSD symptoms, this may also
have biased our results.

In addition, differential dropout from the study of women
with T2D and PTSD symptoms may have attenuated our re-

Figure. Cumulative Incidence of Type 2 Diabetes, Stratified by Number
of Posttraumatic Stress Disorder Symptoms (Nurses’ Health Study II,
1989-2011)
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Table 2. Risk of Type 2 Diabetes Onset by Symptoms of Posttraumatic Stress Disorder
(Nurses’ Health Study II, 1989-2011)a

Status

Hazard Ratio (95% CI)
No. of Cases/
Person-YearsModel 1 Model 2b Model 3c Model 4d

No trauma 1.0 [Reference] 1.0 [Reference] 1.0 [Reference] 1.0 [Reference] 540/252 308

Trauma, no
symptoms

1.23 (1.11-1.35) 1.21 (1.09-1.34) 1.22 (1.10-1.35) 1.20 (1.08-1.33) 1467/516 784

1-3 Symptoms 1.41 (1.24-1.60) 1.36 (1.20-1.55) 1.36 (1.20-1.55) 1.30 (1.15-1.48) 472/128 344

4 or 5 Symptoms 1.52 (1.32-1.74) 1.42 (1.23-1.64) 1.41 (1.22-1.62) 1.30 (1.12-1.50) 313/80 058

6 or 7 Symptoms 1.78 (1.52-2.07) 1.50 (1.28-1.76) 1.48 (1.26-1.73) 1.33 (1.13-1.56) 236/50 835

a Adjusted for race, somatotype at
5 years of age, parental education,
and maternal and paternal type 2
diabetes mellitus (N = 49 739).

b Further adjusted for time-varying
body mass index.

c Further adjusted for time-varying
smoking, physical activity, diet, and
alcohol intake.

d Further adjusted for time-varying
recent antidepressant use.
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sults because PTSD was not assessed until 2008, the 19th year
of the study. Body mass index was assessed by self-report,
which, although found to have good validity in this cohort, may
nonetheless have introduced measurement error and bias in
our estimates of the extent to which BMI accounted for the in-
creased risk of T2D among women with PTSD symptoms. Fi-
nally, duration of antidepressant use and dosage were not as-
sessed. Had we assessed antidepressant use more precisely,
it may have accounted for a larger portion of the association
between PTSD and T2D.

Conclusions
Our findings have implications for research and practice. Fur-
ther research must identify the biochemical and possible ad-
ditional behavioral changes, such as sleep disturbance, that me-
diate the relationship between PTSD and onset of T2D. A better
understanding of pathways will facilitate interventions to pre-

vent this disabling disease. For example, if research found that
PTSD increases risk of T2D primarily through inflammatory
pathways, this would suggest that inflammatory biomarkers
may be a useful tool for early detection of T2D risk in women
with PTSD. At this time, however, the biological pathways
through which PTSD affects risk for T2D have yet to be iden-
tified. Research is also needed to determine whether effec-
tive treatment of PTSD reduces risk of T2D. Such research could
be conducted by including biomarkers of T2D in clinical trials
for PTSD. For practice, clinicians should note the nearly 2-fold
increased risk of T2D for women with the highest number of
PTSD symptoms. Because our results suggest that a higher BMI
substantially mediates this increased risk, attention to pos-
sible weight gain in women with PTSD is crucial. Health pro-
fessionals treating women with PTSD should therefore be aware
that these patients are at risk of increased BMI and T2D. Com-
prehensive PTSD treatment should be expanded to address the
health behaviors that contribute to obesity and chronic dis-
ease in PTSD-affected populations.
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