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Abstract

Importance—Posttraumatic stress disorder (PTSD) indicates a chronic stress reaction in

response to trauma, and is a prevalent condition that has been identified as a possible risk factor

for obesity.

Objective—To determine if women who develop PTSD symptoms are subsequently more likely

to gain weight and become obese relative to either trauma exposed women who do not develop

PTSD symptoms or women with no trauma and no PTSD symptoms, and if effects are

independent of depression.

Design and Setting—The Nurses' Health Study II (NHS II), a prospective observational study

initiated in 1989 with follow-up to 2005, using a PTSD screener to measure PTSD symptoms and

when they onset.

Participants—The sub-sample of the NHSII (n= 54,224; ages 24–44 years in 1989) in whom

trauma and PTSD symptoms were measured.

Main Outcome Measure(s)—Development of overweight and obesity using BMI cut-points

25.0 and 30.0kg/m2 respectively. Change in BMI during follow-up among women reporting PTSD

symptom onset prior to 1989. BMI trajectory before and after PTSD symptom onset among

women who developed PTSD symptoms during follow-up.

Results—Among women with ≥ 4 PTSD symptoms prior to 1989 (cohort initiation) BMI

increased more steeply (b = 0.05, SE = 0.01, p< 0.001) over the follow-up. Among women who

developed PTSD symptoms after 1989, BMI trajectory did not differ by PTSD status before PTSD

onset. After PTSD symptom onset, women with ≥ 4 symptoms had a faster rise in BMI (b = 0.07,

SE = 0.02, p< 0.000). The onset of ≥ 4 PTSD symptoms after 1989 was also associated with

increased risk of becoming overweight or obese (OR = 1.36, 95% CI: 1.19–1.56) among women

who were normal weight in 1989. Effects were maintained after adjusting for depression.
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Conclusions and Relevance—Experiencing PTSD symptoms is associated with increased

risk of becoming overweight or obese, and PTSD symptom onset alters BMI trajectories over

time. The presence of PTSD symptoms should raise clinician concerns about physical health

problems that may develop and prompt closer attention to weight status.
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Obesity is a significant public health problem in the developed world, associated with

increased likelihood of premature mortality and higher rates of morbidity.1,2 Among

women, effects of obesity may be apparent at each stage of life (e.g., affecting reproductive

health and outcomes, aging, life expectancy) and may have far-reaching effects in future

generations.3,4 Numerous studies have documented associations between obesity and

various forms of psychological distress.5,6 While some studies have failed to find a

relationship,7,8 the preponderance of evidence suggests that severe forms of distress

adversely influence weight status. Recent work has identified posttraumatic stress disorder

(PTSD), a marker of extreme distress occurring in response to a traumatic event and

indicative of a chronic stress reaction,9 as a possible risk factor for weight gain and

ultimately obesity.10–16 PTSD is prevalent especially among women; one in nine women

will meet criteria for the diagnosis over their lifetime.17 Understanding the role of PTSD is

important for interventions aimed at curbing weight gain and obesity treatment. However,

whether PTSD is causally related to weight gain and obesity or is simply a co-morbid

condition due to shared risk factors has not been established.

Most studies on PTSD and obesity are cross-sectional,14 and while they generally find

positive associations, they cannot determine whether PTSD symptoms preceded

development of obesity. In the only prospective study to date, among young women who

were not overweight when PTSD was assessed, those with PTSD were at increased risk of

becoming obese over six years of follow up.11 However, this study could not determine

whether changes in PTSD status lead to changes in weight status over time. Demonstrating

that PTSD symptom onset is associated with altered trajectory of weight gain would provide

stronger evidence that PTSD is a risk factor for overweight and obesity.

The current study sought to determine if PTSD symptoms alter the trajectory of weight gain

in a well-characterized sample of women. Using information on age of onset of PTSD

symptoms, we considered weight status as measured by body mass index (BMI) both prior

to and after onset of symptoms and examined whether women who develop symptoms are

subsequently more likely to gain weight and become overweight or obese. Because there is

debate on the relative role of trauma versus PTSD in pathophysiological processes, we

considered effects of PTSD symptoms separately from effects of experiencing trauma, and

hypothesized that women who develop PTSD symptoms will gain more weight than women

who experience trauma but do not develop symptoms. Depression and PTSD are commonly

comorbid, and other work has suggested that depression is also associated with weight

gain.18 To address concerns about potential confounding, we also considered the primary

associations after taking account of depressive status. Additional potential confounders were
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selected based on prior work15 suggesting demographic characteristics (e.g., age, marital

status) and behaviors (e.g., cigarette smoking, alcohol consumption) may be related to both

PTSD and weight status.

METHODS

Source and Study Population

The Nurses' Health Study II (NHSII) is an ongoing prospective cohort study of 116,671

female registered nurses that began in 1989. Participants are followed up via biennial

questionnaires that gather information on health-related behaviors and medical events. For

the present study, outcomes were assessed at 8 waves, with 87% of initially enrolled

participants completing the 2005 questionnaire. The institutional review board at Brigham

and Women's Hospital reviewed and approved this study, and participants provided consent.

Data are from a subsample of the NHSII who participated in a supplemental study in 2008

(only participants responding to the longer form of the most recent biennial questionnaire =

were asked to participate). The Trauma and PTSD Screening Questionnaire19,20 was mailed

to 60,804 participants. The response rate was 84% (N = 54,224). Analysis was limited to

50,504 of these respondents after excluding women who provided no information on trauma

(n=719), PTSD symptoms (n = 2,964) or at least one measure of BMI (n=37). Differences

between included versus excluded women were minimal with regard to baseline age,

childhood socioeconomic position (SEP) and regional distribution. The proportion of non-

Hispanic whites was higher in the analytic versus original sample (95.7% vs. 93.8%), and

the proportion of current smokers was lower (11.4% vs. 13.5%). These 50,504 women were

divided into two separate groups for analysis depending on when trauma/PTSD occurred.

Analytic sample 1 included women who reported having PTSD symptoms before or at the

start of the cohort and women without PTSD or trauma through 2005 (N=35,702); analytic

sample 2 included only women who reported either PTSD symptoms or worst trauma

between 1989 and 2005 (N=14,839). Among women whose trauma/PTSD onset during the

study follow-up period (Sample 2) assessments of BMI before and after onset of trauma/

PTSD are available, facilitating direct evaluation of changes in BMI related to trauma/

PTSD. See Figure 1.

Assessment of Trauma and PTSD

A modified version of the Brief Trauma Questionnaire (BTQ),21,22 included as part of the

Trauma and PTSD Screening Questionnaire, was used to determine whether a woman met

Criterion A1 for traumatic exposure according to the DSM-IV PTSD diagnosis.19 Breslau et

al.'s 7-item screening scale for DSM-IV PTSD23 was used to identify PTSD

symptomatology among women who met Criterion A1 for trauma exposure according to the

BTQ. Endorsing 4 or more symptoms in relation to the worst trauma classifies PTSD cases

with a sensitivity of 85%, specificity of 93%, positive predictive value of 68%, and negative

predictive value of 98%.23 Participants were asked to identify their worst event on the BTQ

as this is a sensitive method for screening PTSD.24. Women reported the age at which the

worst event occurred, and whether they experienced PTSD symptoms in relation to that
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trauma. They also reported the age they most recently had symptoms, from which remission

status was determined for specific analyses.

Women were categorized according to whether they had no trauma, trauma but no PTSD

symptoms, trauma with 1–3 PTSD symptoms (subclinical levels of PTSD), or trauma with 4

or more PTSD symptoms, the validated diagnostic cut-off. Date of onset of trauma and/or

PTSD was the age at which the worst event was reported.

Assessment of Weight Status

Data on weight and height were collected with the 1989 questionnaire, and weight was

further reported biennially. Self-reported weight was highly reliable (r = 0.97) among a

subset of regionally residing participants who underwent direct measurement of their

weight.25 We calculated BMI as weight in kilograms divided by the square of height in

meters (kg/m2). To define normal weight, overweight and obesity, we used BMI cut-points

25.0 and 30.0kg/m2 respectively.26 Most participants had data on BMI at all follow-up

periods (74%) with some women missing one (19%), two (5%) or 3 or more (2%) follow-up

measurements.

Assessment of Covariates

In 1989, age and race was obtained. Region of residence at age 15 was assessed in 1993.

Childhood SEP was assessed using a proxy of parental educational attainment, maximum of

mother’s and father’s education at birth, reported in 2005. Participants self-classified their

race, and for analytic purposes were categorized as white, black, Hispanic, other. Age,

marital status (married, not married), alcohol consumption (0 g/day, 0.1–4.9 g/day, 5.0–14.9

g/day, 15+ g/day), and smoking status (never, former, current) were also updated with each

questionnaire cycle. Lifetime history of depression (ever, never) was ascertained on the

2005 questionnaire.27

Statistical Analyses

Trauma/PTSD symptoms as a predictor of weight status was considered with several

separate analyses. Initial analyses considered whether active or remitted PTSD symptoms

versus no trauma or PTSD confer similar risk relative to the combined outcome of becoming

either overweight or obese in 1989, using the full sample (N=50,290, excluding 251 without

information on BMI in 1989). Logistic regression models were used to compare women

with no trauma or PTSD symptoms to women with either current PTSD symptoms in 1989

or remitted PTSD symptoms in 1989. Additionally, using a subsample of Sample 2, we

assessed the likelihood of being overweight/obese after experiencing trauma/PTSD

symptoms, considering only women who experienced trauma/PTSD symptoms after 1989

and who reported normal weight on the questionnaire closest in time to when trauma

occurred (n = 7,116). Models were adjusted for demographics and other covariates using

PROC LOGISTIC in SAS 9.2.

To examine the timing of PTSD relative to weight gain, we conducted 1) hierarchical linear

modeling (HLM) using repeated measures analysis (MPlus, version 5.1, Muthén & Muthén,

Los Angeles, CA) among women with PTSD symptom onset prior to or in 1989; 2) linear
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spline models to consider whether BMI rises more sharply after versus before PTSD

symptom onset among only women who experienced trauma after 1989.

HLM analyses were conducted with Sample 1, women whose trauma/PTSD symptoms onset

before 1989 or with no trauma/no symptoms. Women with no trauma or PTSD symptoms

were compared with women who had trauma/no symptoms or trauma with 1–3 PTSD

symptoms, or trauma with 4+ PTSD symptoms whose onset was reported prior to or

occurring in1989 The spline analysis was conducted with Sample 2, women whose trauma/

PTSD symptoms onset after 1989. Those with trauma/no PTSD served as the reference

group compared with women with trauma and 1–3 PTSD symptoms or trauma and 4+

symptoms that onset after 1989. Each analysis involved three sets of models: a) trauma/

PTSD only; b) a + age, race/ethnicity, region of residence at age 15, childhood SEP; c) b +

lifetime history of depression, marital status + alcohol consumption + smoking status.

Longitudinal multilevel models facilitate examination of how weight status changes over

time within persons, and how that change is related to PTSD symptoms and their onset.

Continuous BMI was modeled, and missing values of BMI do not pose a problem.28

Intercepts of the outcome at the 8 evenly spaced time points (2-year intervals) were fixed at

zero. Means and variances of the growth factors were estimated with maximum likelihood,

and an unstructured covariance model was used.

RESULTS

Table 1 summarizes demographic characteristics of participants by PTSD symptom status,

including Samples 1 and 2. Through 2008, 18.6% of women experienced neither trauma nor

PTSD symptoms, 30.3% experienced trauma but no symptoms, 30.6% experienced 1–3

symptoms and 20.5% experienced 4 or more symptoms. Compared with participants without

PTSD symptoms, those with symptoms were more likely to be living in the South or West of

the U.S. at age 15 and less likely to be living in the Northeast, were slightly older, had

parents slightly more educated, had higher baseline BMI, were more likely to report lifetime

depression, and were more likely to smoke.

PTSD Symptoms and Risk of Overweight or Obesity

Among all women (samples 1 and 2) we evaluated the likelihood of being obese or

overweight in 1989, after adjusting for demographics, considering trauma/PTSD status prior

to 1989. Compared to women with no trauma or PTSD symptoms, neither women with

trauma only (odds ratio [OR]=0.99, 95% CI=0.95–1.04), nor women with remitted

symptoms (OR=1.03, 95% CI=0.96–1.09), demonstrated excess odds of overweight or

obesity. Women with trauma and ongoing symptoms had significantly excess odds (1–3

symptoms: OR=1.15, 95% CI=1.08–1.23; 4+ symptoms: OR=1.26, 95% CI=1.18–1.35).

We then examined the odds of becoming overweight or obese among women who were

normal weight at baseline and experienced trauma/ PTSD symptoms between 1989 and

2005. Women with 1 to 3 and 4+ PTSD symptoms had 18% (OR = 1.18, 95% CI: 1.04–

1.33) and 36% (OR = 1.36, 95% CI: 1.19–1.56), respectively, increased odds of becoming

overweight or obese in adjusted models compared to women with trauma-only. Results
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remained significant albeit slightly attenuated after adjusting for other covariates including

depression.

PTSD Symptoms and Weight Gain

Unadjusted BMI trajectories over time indicate a faster rate of weight gain among women

who experienced trauma or symptoms prior to study entry relative to women who never

experienced trauma or PTSD (Figure 2). At every follow-up year women who initially

reported trauma and symptoms had higher BMI even after controlling for all covariates

including depression (intercept parameters, Table 2). Furthermore, a dose-response relation

was evident. Higher PTSD symptoms were associated with greater BMI increases over time

(slope parameters, Table 2). We also compared the steepness of BMI increase among

women with trauma compared to those with and without PTSD symptoms. In fully adjusted

models, compared with women with trauma and no symptoms, women with 1 to 3

symptoms (b = 0.03, SE = 0.01, p < 0.000), and with 4+ symptoms (b = 0.05, SE = 0.01, p <

0.000) demonstrated faster rates of BMI increase over the follow up period.

PTSD Symptoms and BMI Trajectory

By considering only women with PTSD symptom onset after entry into the study, we can

evaluate whether PTSD symptoms alter BMI trajectories. Spline models that impose an

inflection at the time PTSD symptoms onset indicate that BMI trajectory prior to symptom

onset did not significantly differ from those with trauma who never develop symptoms.

However, after PTSD symptom onset, women with 1 to 3 symptoms (b = 0.05, SE = 0.01, p

= 0.002) and with 4+ symptoms had a faster rise in BMI (b = 0.08, SE = 0.02, p< 0.001)

over time compared with women with trauma and no PTSD. This effect was maintained

after adjusting for all covariates including depression (Table 3).

DISCUSSION

PTSD symptoms were associated with faster weight gain and increased risk of obesity in

women. Moreover, these are the first findings to demonstrate that PTSD symptom onset is

associated with altered BMI trajectories over time. Relative to women who did not

experience trauma or PTSD symptoms at any time, women with PTSD symptom onset prior

to 1989 had higher BMI at every follow-up assessment and their BMI increased at a faster

rate. Among women whose trauma occurred after 1989 an altered BMI trajectory was

evident: prior to symptom onset, BMI trajectories were comparable to women who did not

subsequently develop PTSD symptoms, however after symptom onset, BMI increased at a

faster rate. Previous studies have largely focused on the association of PTSD symptoms with

weight status in combat veterans.13,14,29–33 This is the first study to examine the prospective

relation of PTSD symptoms to BMI trajectories and obesity in women exposed to a wide

range of traumatic events occurring in civilian settings.

Rigorous epidemiologic studies are increasingly showing that PTSD has significant

implications for physical health.34–36 Moreover, it appears that effects of PTSD are not

simply due to co-morbid depression, and even sub-clinical threshold PTSD levels should be

considered as potentially increasing risk of subsequent health problems. The link between
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PTSD and obesity is of particular interest given that PTSD has been identified as a potential

risk factor for cardiometabolic diseases,37–39 and obesity is a candidate mechanism by

which these effects occur.

PTSD may influence weight gain by behavioral and biological mechanisms, and both may

operate simultaneously. Recent studies have suggested PTSD is associated with physical

inactivity,14 increased consumption of unhealthy foods and beverages,40 or generally

dysregulated food intake related to dependence on activation of the brain reward system.41

In addition, dysregulated neuroendocrine function including enhanced negative feedback

sensitivity of glucocorticoid receptors, blunted cortisol levels, and exaggerated

catecholamine responses to trauma-related stimuli have all been found in adults diagnosed

with PTSD39. Recent work has suggested that neuropeptide Y (NPY) is a likely mediator

between PTSD and metabolic imbalances due to high exposure to sympathetic activation.11

Animal studies suggest that stress upregulates NPY which plays an important role in adipose

tissue remodeling and development of abdominal obesity.42. Thus, high levels of distress

may directly alter fat production and its distribution.

Strengths and Limitations

This investigation has numerous strengths including prospective data, a large study

population, extensive data on potential confounding factors, and information on BMI prior

to and after onset of PTSD symptoms. However, PTSD was assessed only in relation to the

worst event which can result in some misclassification of timing of onset of PTSD; and

trauma exposure, PTSD symptoms, and age of onset were assessed retrospectively, which

can result in underestimating lifetime prevalence or psychopathology.43 In our sample, the

prevalence of trauma exposure is comparable to other samples using DSM-IV diagnostic

criteria44 but the prevalence of women reporting 4+ PTSD symptoms (20.5%) is somewhat

higher17 possibly due to our use of a screen versus a diagnostic interview. Also, to limit

concerns about potential confounding we adjusted for lifetime depressive status; however, a

more refined assessment of confounding was not possible because we lacked information on

timing of depression relative to PTSD symptom onset. Another limitation is generalizability,

given our population of predominately White, female nurses. Finally, it is possible that

confounding by some unmeasured variable could explain findings. However, this seems less

likely given that observed associations were unchanged in analyses that considered BMI

pre- and post-onset of PTSD symptoms whereby each woman served as her own

comparison.

Conclusions

Studies have suggested that once obesity develops, it is difficult to treat.45 Thus, while

PTSD is a significant concern for its effects on mental health, our findings also suggest that

the presence of PTSD symptoms should raise clinician concerns about potential physical

health problems that may develop. Thus, primary care settings that treat populations at high

risk for trauma exposure may want to screen for PTSD and monitor patients for other

sequelae. Findings from this study suggest that trauma will be most strongly associated with

increased risk of weight gain if trauma leads to the development of PTSD symptoms,
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although future work may also want to consider type of trauma in this relationship more

deeply.

Physicians may be more effective if they can recognize and manage this type of emotional

distress. Our work may also suggest that women with PTSD should be monitored or

screened for development of adverse cardiometabolic outcomes. In fact, our work highlights

the importance of expanding PTSD treatments to attend to behavioral alterations – like

changes in diet or exercise - that lead to obesity. Health behaviors are currently completely

outside the scope of PTSD treatments. Moreover, our data provide initial evidence that if

PTSD remits, adverse impacts on weight gain may be attenuated. With improved prevention,

the potential for earlier intervention, and more effective treatment strategies, we may

significantly improve patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overall Design for NHSII Study of PTSD and BMI. Modified from Roberts AL, Galea S,

Austin SB, Cerda M, Wright RJ, Rich-Edwards JW, Koenen KC. Posttraumatic stress

disorder across two generations: concordance and mechanisms in a population-based sample

Biol Psychiatry. 2012 Sep 15;72(6):505–11.

Kubzansky et al. Page 11

JAMA Psychiatry. Author manuscript; available in PMC 2014 July 10.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2.
Unadjusted mean BMI over time according to trauma/PTSD group (including women with

trauma/PTSD prior to or in 1989 or who have no trauma/PTSD through 2005, n = 41,976)
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