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Abstract

Background. Abnormal thyroid function is prevalent among women and has been linked to
increased risk of chronic disease. Posttraumatic stress disorder (PTSD) has been linked to thy-
roid dysfunction in some studies; however, the results have been inconsistent. Thus, we eval-
uated trauma exposure and PTSD symptoms in relation to incident thyroid dysfunction in a
large longitudinal cohort of civilian women.
Methods.We used data from 45 992 women from the ongoing Nurses’ Health Study II, a lon-
gitudinal US cohort study that began in 1989. In 2008, history of trauma and PTSD were
assessed with the Short Screening Scale for Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, PTSD, and incident thyroid dysfunction was determined by parti-
cipants’ self-report in biennial questionnaires of physician-diagnosed hypothyroidism and
Graves’ hyperthyroidism. The study period was from 1989 to 2013. Proportional hazard mod-
els were used to estimate multivariable-adjusted hazard ratios and 95% confidence intervals
(CIs) for incident hypothyroidism and Graves’ hyperthyroidism.
Results. In multivariable-adjusted models, we found significant associations for PTSD only
with hypothyroidism [ p-trend <0.001; trauma with no PTSD symptoms, 1.08 (95% CI
1.02–1.15); 1–3 PTSD symptoms, 1.12 (95% CI 1.04–1.21); 4–5 PTSD symptoms, 1.23
(95% CI 1.13–1.34); and 6–7 PTSD symptoms, 1.26 (95% CI 1.14–1.40)]. PTSD was not asso-
ciated with risk of Graves’ hyperthyroidism ( p-trend = 0.34). Associations were similar in sen-
sitivity analyses restricted to outcomes with onset after 2008, when PTSD was assessed.
Conclusions. PTSD was associated with higher risk of hypothyroidism in a dose-dependent
fashion. Highlighted awareness for thyroid dysfunction may be especially important in
women with PTSD.

Introduction

More than 12% of the US population will develop thyroid dysfunction during their lifetime
(American Thyroid Association, 2017). Thyroid dysfunction, especially hypothyroidism, is
more prevalent in women (British Thyroid Association, 2017). Thyroid dysfunction can lead
to severe conditions such as cardiovascular disease (Gomberg-Maitland and Frishman, 1998),
infertility (Poppe et al., 2008), and osteoporosis (Dhanwal, 2011). The causes of thyroid dysfunc-
tion are largely unknown, but recent research has implicated stress as a possible contributor. Stress
is related to changes in the immune, endocrine, and central nervous systems (Plaza et al., 2010),
and stressful life events have been associated with the onset of Graves’ hyperthyroidism (Winsa
et al., 1991). In addition, childhood trauma is known to affect the hypothalamic-pituitary-thyroid
(HPT) axis (Friedman et al., 2005; Plaza et al., 2010) and adult immune function (Fagundes et al.,
2013; Baumeister et al., 2016). In chronically stressed people, the immune system may be affected
through the nervous and endocrine system along with increased cortisol (Kudielka and Wust,
2010), leading to autoimmunity as well as increased susceptibility to autoimmune disease such
as Graves’ disease (Winsa et al., 1991; Mizokami et al., 2004).

Posttraumatic stress disorder (PTSD) is a common mental disorder that develops in some
persons exposed to extremely stressful traumatic events such as combat, violence, or childhood
abuse. All studies of trauma/PTSD and thyroid function to date have been cross-sectional. At
least 11 studies have investigated the relation between PTSD and thyroid dysfunction, and
these studies can be mainly divided into two groups: (1) studies of male soldiers and refugees
(Kosten et al., 1990; Bauer et al., 1994; Wang et al., 1995; Mason et al., 1996; Wang and Mason,
1999; Kozaric-Kovacic et al., 2002; Karlovic et al., 2004) and (2) studies of women exposed to
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childhood physical or sexual abuse (Friedman et al., 2005;
Haviland et al., 2006; Sinai et al., 2014). Only one other study
included people with other civilian traumas (Olff et al., 2006).
Many of these studies found indicators of both hyper- and hypo-
thyroidism in association with PTSD, however, results are con-
flicting. A total of six studies reported significantly increased
level of triiodothyronine (T3) in PTSD cases compared with non-
cases (Wang et al., 1995; Mason et al., 1996; Wang and Mason,
1999; Kozaric-Kovacic et al., 2002; Girdler et al., 2004;
Friedman et al., 2005). For example, Wang and Mason in 1999
found significantly higher total T3 and free T3 level among veter-
ans with combat-related PTSD, and Friedman et al. in 2005 found
a higher level of total T3 in PTSD women with experiences of sex-
ual abuse compared with women without PTSD. However, three
other studies reported opposite results: decreased level of T3 and
thyroxine (T4) in PTSD people (Bauer et al., 1994; Haviland et al.,
2006; Sinai et al., 2014). For example, Bauer et al. reported that
refugees from East Germany showed the significantly lower level
of total T4, free T4, and total T3 compared with controls from
the general population. There was also one study (Olff et al.,
2006) reporting no significant change in T4 levels in PTSD,
while another study (Kosten et al., 1990) suggested that change
in thyroid hormone, which is the conversion from thyrotropin-
releasing hormone to thyroid-stimulating hormone, is more
prominent in people with PTSD with comorbid depression. The
opposite direction of associations was found from two studies
(Plaza et al., 2010; Plaza et al., 2012) conducted by the same
group regarding childhood abuse and risks of thyroid dysfunc-
tion. The first study, conducted in 2010, reported a significantly
increased likelihood for thyroid dysfunction among women
with childhood abuse experiences (OR 5.02, 95% CI 1.13–
22.33); however, the following study, published in 2012, reported
no significant association between childhood sexual abuse and
thyroid dysfunction (OR 0.90, 95% CI 0.19–4.20).

To date, all studies have examined PTSD as present or absent;
no studies have examined the association with the number of
PTSD symptoms on thyroid function. Furthermore, most studies
to date have assessed PTSD concerning the status of specific thy-
roid hormones at a single time point without long-term follow-up
and have not evaluated disease outcomes such as hypothyroidism
or hyperthyroidism.

Thus, in this study, we evaluated the associations between
trauma exposure, PTSD symptoms and risk of incident thyroid dys-
function over 24 years in the Nurses’ Health Study II (NHS II). We
hypothesized that compared with no trauma, greater PTSD symp-
toms would be associated with an increased risk of thyroid dysfunc-
tion. Because early stress in life can contribute to the development
of thyroid disorder, childhood factors including parental education
were considered as potential confounders. In addition, health beha-
viors (i.e. cigarette smoking, alcohol consumption, and physical
activity) and medication use [i.e. post-menopausal hormone
(PMH), ibuprofen, and antidepressant use] were evaluated as poten-
tial pathway variables between trauma/PTSD and development of
thyroid disorder based on the literature and prior work in this
cohort (Kimerling et al., 2002; Young et al., 2007; Lee et al., 2016).

Methods

Study population and design

NHS II is an ongoing prospective cohort study, started in 1989
with 116 429 female registered nurses aged 25–42 years.

Participants completed baseline questionnaires and were followed
biennially for information on lifestyle factors and disease diagno-
sis (Bao et al., 2016). In 2001, 91 297 women were mailed a sup-
plemental questionnaire regarding violence exposure, and 68 376
participants responded (75% response rate). In 2008, a supple-
mental questionnaire evaluating trauma exposure and PTSD
was mailed to 60 804 women who completed both the 2001 vio-
lence questionnaire and the 2007 biennial questionnaire (Morgan
et al., 2001). Of the 60 804 women, 54 224 returned the supple-
mental questionnaire (89% response rate). We excluded women,
who had a history of cancer diagnosis before 1989 (n = 435),
and who had reported thyroid dysfunction at baseline (n =
3268). We additionally excluded women with insufficient infor-
mation on the date of diagnosis of thyroid dysfunction (n =
186) or with inconsistent self-reported data on thyroid disease
(n = 449), leaving 45 992 women in the final analysis. There was
no substantial difference for the baseline characteristics between
included and excluded participants from NHS II (online
Supplementary Table S1).

The Partners Healthcare Human Research Committee
approved this investigation. The return of questionnaires consti-
tuted implied consent. All procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008.

Ascertainment of trauma and PTSD symptoms

Trauma exposure and PTSD symptoms were ascertained retro-
spectively. In 2008, past exposure to trauma was assessed with a
modified version of the 16-item Brief Trauma Questionnaire
(Schnurr et al., 1999; Morgan et al., 2001), a reliable and valid
assessment of trauma exposure (Schnurr et al., 1999).
Participants were queried about lifetime exposure to 16 traumatic
events (e.g. stillbirth, unwanted sexual contact, serious accident).
Participants were asked to report the event that was the worst
and the first of their lifetime, separately. If there was only one
traumatic event, it was considered as the worst and first trauma.
Information about the age at first and worst trauma was obtained.
Using the seven-item Brief Screening Scale for Diagnostic
and Statistical Manual of Mental Disorders (DSM)-IV-PTSD
(Breslau et al., 1999), PTSD symptoms were assessed in response
to women’s worst trauma.

Trauma and PTSD were coded as time-varying, with the year
of participants’ worst trauma considered as the date of onset of
PTSD symptoms. In either case of having no trauma or before
the first trauma, the women were considered as having no trauma
exposure. After their first trauma, women were classified as being
trauma-exposed with no symptoms. Therefore, following their
first trauma, women were categorized as being trauma-exposed
with no PTSD symptoms. From the date of the worst trauma
and thereafter, women were placed into five exposure groups
based on the severity of PTSD symptoms: (1) no exposure to
trauma, (2) exposure to trauma and no symptoms of PTSD, (3)
exposure to trauma with one–three PTSD symptoms, (4) exposure
to trauma with four–five PTSD symptoms, and (5) exposure to
trauma with six–seven PTSD symptoms.

Ascertainment of thyroid disorders

On the 1989 baseline questionnaire, participants were asked
whether they had a history of thyroid disease, without specifying
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hypothyroidism or hyperthyroidism, and the date of diagnosis.
They were also asked about thyroid hormone replacement therapy
at baseline. During the follow-up, the use of thyroid hormone
replacement therapy, physician diagnoses of hypothyroidism
and hyperthyroidism, thyroid nodules, and other hyperthyroid-
ism were queried biennially. From 1993 to 2013, participants
were asked about newly diagnosed hypothyroidism or Graves’ dis-
ease and the dates of diagnosis for each condition. In this study,
we defined hypothyroidism as either: (1) physician diagnosis of
hypothyroidism, or (2) currently using thyroid hormone replace-
ment therapy [which, in this cohort, was used by ten times as
many women with hypothyroidism as those with hyperthyroid-
ism (Kang et al., 2013)]. Graves’ hyperthyroidism was separately
categorized from people who responded to have the diagnosis
of Graves’ disease.

In NHS II, validation studies using supplemental question-
naires and medical records have been conducted for hypothyroid-
ism (Kang et al., 2013) and Graves’ hyperthyroidism (Holm et al.,
2005) in two subsamples; these studies (Holm et al., 2005; Kang
et al., 2013) included 68 women with self-reported hypothyroid-
ism and 72 women with self-reported Graves’ hyperthyroidism.
All women who reported a history of hypothyroidism had a clin-
ical diagnosis of hypothyroidism or a prescription for levothyrox-
ine/desiccated thyroid extract. In the validation study (Holm
et al., 2005), Graves’ hyperthyroidism was confirmed in 85% of
the women with self-reported hyperthyroidism.

Covariates

Based on a priori knowledge of risk factors for thyroid dysfunc-
tion, age at baseline, race/ethnicity (Caucasian, African, Latina,
Asian, other), parental education at birth (⩽high school, some
college, ⩾4 years of college), and somatotype at age 5 were
selected as potential confounders (Radetti et al., 2008; Li et al.,
2013; Olmos et al., 2015). Body mass index (BMI, kg/m2: <18.5,
18.5 to <21, 21 to <23, 23 to <25, 25 to <27, 27 to <30, and
30+), cigarette smoking (never, former, or current smoker of: 1
to 14, 15 to 24, or 25+ cigarettes per day), alcohol consumption
(none, 1 to <5, 5 to <10, 10 to <20, and ⩾20 g per day), physical
activity (categorized as <3, 3 to <9, 9 to <18, 18 to <27, and ⩾27
metabolic equivalent hours per week), menopausal and PMH sta-
tus (pre-menopausal, post-menopausal with no PMH, post-
menopausal with past PMH use, post-menopausal with current
PMH use, post-menopausal with PMH missing, and uncertain
menopausal status), and ever use of ibuprofen and antidepressant
use were selected as potential pathway variables (Kolakowska and
Swigar, 1977; Fisher et al., 1997; Samuels et al., 2003; Schindler,
2003; Wiegratz et al., 2003; Ciloglu et al., 2005; Iacobellis et al.,
2005; Eker et al., 2008). Among them, BMI, cigarette smoking,
alcohol consumption, physical activity, menopausal status, and
ibuprofen use were coded as time-varying; these variables were
self-reported at baseline and updated biennially unless otherwise
stated. BMI was calculated from self-reported height and weight,
which were validated in NHS (Rimm et al., 1990), and self-
reported weight was highly correlated with measured weight
(crude Pearson correlations was 0.89). Alcohol consumption
was assessed in 1989 and every 4 years thereafter to 2011.
Physical activity was assessed in 1991, 1997, 2001, 2005 and
2009. In 1993, lifetime antidepressant use was first queried and
then updated every 2 years from 1997 to 2013. In 2001, questions
on childhood abuse were asked. For physical and emotional abuse
before age 12, five questions from the Physical and Emotional

Abuse Subscale of the Childhood Trauma Questionnaire
(Bernstein et al., 1994) were used, and an index comprising the
sum of the responses was used as a continuous variable. For child-
hood sexual abuse before age 18, four questions from the Sexual
Maltreatment Scale of the Parent–Child Conflict Tactics Scales
(Straus et al., 1998) were asked to query unwanted, forced, or
coerced sexual contact by an older child or adult and coded
into four categories from none to severe (Perera et al., 2013).
Each covariate had an additional ‘missing value’ category.

Statistical analysis

To evaluate whether women with PTSD symptoms were at
increased risk of incident thyroid disease, we used Cox propor-
tional hazards models to compute hazard ratios (HRs) and 95%
confidence intervals (CIs). We used graphical and numerical
methods of Lin et al. (1993) to check the proportional hazards
assumption for each covariate in the Cox model (Lin et al.,
1993). Person-time was measured from baseline in 1989 until
the return of the last questionnaire, diagnosis of thyroid disease
(hypothyroidism or Graves’ hyperthyroidism), loss to follow-up,
or the end of follow-up in 2013.

A series of models were fit. The base model was adjusted only
for age. Model 2 additionally adjusted for race and childhood fac-
tors (parental education and somatotype at age 5), which were key
potential confounders. We examined potential mediation in two
additional models. Model 3 further adjusted for health behaviors
(cigarette smoking, alcohol consumption, and physical activity),
and model 4 further adjusted for medication use. Trauma/PTSD
symptoms were lagged 1 year prior to the period. For example,
PTSD status as of 1988 and covariates (e.g. cigarette smoking,
physical activity, and alcohol consumption) as of 1989 predicted
the onset of thyroid dysfunction in 1989–1991.

As a thyroid disorder is relatively unrecognized in the general
population, and there is also a chance of higher detection of the
disease in women with mental health problems who may use fre-
quent medical services. We re-ran the analysis osteoporosis,
which is also a common unrecognized condition as a control
outcome.

We conducted six sensitivity analyses. First, we conducted
entirely prospective analyses; i.e. we examined whether PTSD
status in 2008 predicted incident thyroid disease in 2009–2013
(N = 1604 cases hypothyroidism, N = 138 cases Graves’ hyperthy-
roidism). Second, to reduce the likelihood of reverse causation, we
lagged PTSD exposure an additional 2 years/4 years over the 1
year lag in the primary analyses. Third, we tested whether thyroid
disorders as exposure increased the risk of PTSD onset as the out-
come among those with trauma exposure in order to evaluate the
extent of possible reverse causation. Fourth, to address the
possibility that any associations may be due to higher health
care utilization/screening in those with either PTSD or thyroid
dysfunction, we restricted the analyses to women who reported
recent physician exams. Fifth, we excluded the participants who
reported ‘life-threatening illness’ as their cause of lifetime worst
trauma. Finally, to examine any potential confounding by child-
hood abuse, we further adjusted model 4 for childhood physical,
emotional, and sexual abuse.

Results

Thirty percent of women reported that they had no history of
traumatic events at baseline in 1989. Fifty percent reported that
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they had exposed to trauma with no PTSD symptoms. Four per-
cent of women reported the highest number (6–7) of PTSD symp-
toms. Compared with women who did not experience any
trauma, women with the highest number of PTSD symptoms
were more likely to have the highest somatotype at age 5, be
white, have higher BMI, smoke frequently, use oral contraceptives,
be menopausal, use ibuprofen medication, and use antidepres-
sants (Table 1).

Over 24 years of follow-up, 7993 women developed hypothy-
roidism, and 847 women developed Graves’ hyperthyroidism.
Overall, women with PTSD symptoms had a higher incidence
of hypothyroidism in a dose–response pattern. No significant
association was observed with Graves’ hyperthyroidism. In the
model adjusted for age, we observed a highly statistically signifi-
cant association between greater PTSD symptoms and incidence
of hypothyroidism alone (model 1 in Table 2). With additional
adjustment for race, highest somatotype at age 5, and parental
education (model 2 in Table 2), associations between PTSD symp-
toms and hypothyroidism were attenuated, but the associations
and the tests of trend remained statistically significant. There
was little change in the adverse associations between PTSD and
hypothyroidism, after adjustment for possible mediating factors
related to health behaviors (i.e. smoking, alcohol consumption
and physical activity). Associations between PTSD and hypothy-
roidism were somewhat attenuated after further adjustment for
additional possible pathway variables including PMH use, ibupro-
fen use, and antidepressant use (Table 2, model 4). For the out-
come, the associations and dose–response trends remained
statistically significant. In the final model, women with the highest
number of PTSD symptoms had an HR of 1.26 (95% CI 1.14–
1.40, p-trend <0.001) for hypothyroidism, compared with
women without any trauma exposure (Table 2).

In prospective analyses from 2008, results were similar
(Table 3). For women with the highest number of PTSD symp-
toms (4+ symptoms), the HR for hypothyroidism was 1.21
(95% CI 1.03–1.42, p-trend = 0.012). When we evaluated expo-
sures lagged by an additional 2 or 4 years, there was little differ-
ence from the main model for the relationship between PTSD
symptoms and thyroid dysfunction (online Supplementary
Table S2). In models evaluating whether thyroid conditions as
an exposure were associated with subsequent PTSD symptoms
as the outcome, we found that hypothyroidism was associated
with modestly higher risk of clinical PTSD symptoms [for more
than four PTSD symptoms: HR 1.17 (95% CI 0.99–1.38)]. We
found no significant results for hyperthyroidism (online
Supplementary Table S2). Results for women with a depression
diagnosis were similar to results for the entire study population.
However, the results for women without a depression diagnosis
were slightly attenuated compared with the results from the entire
population (results not shown). In analyses restricted to women
who reported physician examinations, results were similar to the
main analyses. Compared with women without trauma exposure,
women with the highest number of PTSD symptoms had an HR
of 1.24 (95% CI 1.11–1.38) for hypothyroidism, with significant
dose–response trends ( p-trend <0.001) (online Supplementary
Table S4). After excluding the women who reported ‘life-
threatening illness’ as their cause of lifetime worst trauma, overall
results did not change (results not shown). Also, we did not find a
significant association between trauma/PTSD and osteoporosis
which we examined as a controls outcome (results not shown).

In additional analyses adjusting for childhood abuse, the asso-
ciation between PTSD symptoms and hypothyroidism was

slightly attenuated but remained statistically significant [for hypo-
thyroidism, PTSD six–seven symptoms: HR = 1.18 (95% CI 1.06–
1.32), p-trend <0.001]. No significant result was found for PTSD
symptoms and Graves’ hyperthyroidism (online Supplementary
Table S5).

Discussion

To our knowledge, this is the first study of PTSD symptoms in
relation to incident thyroid disease in civilian women, using
data from a longitudinal population-based cohort that evaluated
potential pathway variables. Over 24 years of follow-up, we
found that more PTSD symptoms were associated with incident
hypothyroidism, in a dose–response pattern. The results remained
significant in prospective analyses and various sensitivity analyses
addressing multiple aspects such as an extended lag period,
depression, physician examination, and childhood abuse.
According to Olivier et al.’s definition (Olivier et al., 2017),
women with four or more PTSD symptoms seemed to demon-
strate medium relative effect size, whereas women with three or
fewer symptoms showed small effect size for hypothyroidism.
We did not find a statistically significant association between
PTSD symptoms and Graves’ hyperthyroidism. However, since
the number of participants with Graves’ disease was relatively
small in the current study, this result needs to be interpreted
with caution. Elevated PTSD symptoms have been linked to cog-
nitive decline (Hayes et al., 2012; Sumner et al., 2017) as well as
cardiovascular disease (Gomberg-Maitland and Frishman,
1998), infertility (Poppe et al., 2008), and depression (North
et al., 1999); increasing hypothyroidism risk may be one mechan-
ism through which PTSD contributes to these diseases.

Our results are consistent with two previous population studies
that focused on autoimmune thyroiditis (including Hashimoto’s
thyroiditis), the most common cause of hypothyroidism (National
Institute of Diabetes and Digestive and Kidney Diseases, 2017). In
a study of 666 269 American veterans who served in Iraq and
Afghanistan, O’Donovan et al. (2015) reported that people who
had PTSD showed an increased risk of autoimmune thyroiditis
compared with those with no psychiatric disorders. While psychi-
atric disorders other than PTSD were associated with a 40%
increased risk of thyroiditis, PTSD was associated with a 92%
increased risk of thyroiditis. However, the authors did not specify
whether the thyroiditis was hyperthyroidism or hypothyroidism.
This distinction may have been important, as in our study, we
observed no associations with Graves’ hyperthyroidism when we
evaluated these two outcomes separately. In a national survey of
a sample of 2490 male Vietnam veterans (Boscarino, 2004),
Boscarino et al., reported that chronic PTSD was associated
with autoimmune diseases, including hypothyroidism (adjusted
OR 8.5, 95% CI 1.9–37.9), but they did not assess
hyperthyroidism.

Trauma/PTSD has been associated with short-term changes in
thyroid hormone levels (Bauer et al., 1994; Wang et al., 1995;
Mason et al., 1996; Wang and Mason, 1999; Kozaric-Kovacic
et al., 2002; Girdler et al., 2004; Karlovic et al., 2004; Friedman
et al., 2005; Haviland et al., 2006; Bunevicius et al., 2012; Sinai
et al., 2014). Most of these studies measured thyroid hormone
profiles shortly after trauma, without long-term follow-up.
Besides, interpreting these results is especially difficult consider-
ing possible comorbidity with depression, and thyroid hormones
levels are known to increase in the early stages of depression, with
hormone levels decreasing over time (Wei et al., 2014).
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Table 1. Baseline characteristics of NHS II participants by trauma exposure and PTSD symptoms (1989) (N = 45 992)

No trauma
(N = 14 311) Trauma exposed

PTSD symptoms (n = 8639)

No PTSD symptoms
(n = 23 042)

1–3 symptoms
(n = 4350)

4–5 symptoms
(n = 2584)

6–7 symptoms
(n = 1705)

n (%) n (%) n (%) n (%) n (%)

Age in 1989 (years)a 34.0 34.8 35.2 35.1 35.0

Parents’ education at birthb, ⩾college 6564 (49.1) 10 447 (48.8) 1986 (49.3) 1212 (50.8) 812 (51.4)

Highest somatotypec, age 5 864 (6.0) 1590 (6.9) 281 (6.5) 195 (7.6) 145 (8.5)

Race

African American, Asian, and Latina 454 (3.2) 842 (3.7) 150 (3.5) 67 (2.6) 56 (3.3)

Caucasian 13 387 (93.5) 21 594 (93.7) 4094 (94.1) 2450 (94.8) 1610 (94.4)

Other 252 (1.8) 332 (1.4) 57 (1.3) 36 (1.4) 20 (1.2)

Unknown 218 (1.5) 274 (1.2) 49 (1.1) 31 (1.2) 19 (1.1)

BMI (kg/m2)a 23.5 23.8 23.9 24.11 24.1

Cigarette smoking

Never 10 352 (72.6) 15 241 (66.4) 2730 (63.0) 1569 (61.0) 943 (55.4)

Former smoker 2590 (18.2) 5083 (22.1) 1058 (24.4) 694 (27.0) 474 (27.9)

Current, 1–14 cigs/day 581 (4.1) 1067 (4.7) 214 (4.9) 117 (4.6) 111 (6.5)

Current, 15–24 cigs/day 514 (3.6) 1097 (4.8) 223 (5.2) 143 (5.6) 107 (6.3)

Current, 25+ cigs/day 229 (1.6) 481 (2.1) 109 (2.5) 50 (1.9) 66 (3.9)

Alcohol intake

0 g/day 5123 (36.1) 8327 (36.4) 1556 (36.0) 990 (38.6) 692 (41.0)

1 to <5 g/day 6161 (43.4) 9822 (43.0) 1808 (41.8) 1064 (41.5) 640 (37.9)

5 to <10 g/day 1597 (11.3) 2578 (11.3) 500 (11.6) 254 (9.9) 179 (10.6)

10 to <20 g/day 1127 (7.9) 1758 (7.7) 379 (8.8) 210 (8.2) 144 (8.5)

20+ g/day 190 (1.3) 374 (1.6) 83 (1.9) 46 (1.8) 35 (2.1)

Physical activityd

<3 MET h/week 2098 (14.7) 3216 (14.0) 649 (14.9) 357 (13.8) 265 (15.5)

3–8.9 MET h/week 3273 (22.9) 5279 (22.9) 1020 (23.5) 589 (22.8) 363 (21.3)

9–17.9 MET h/week 3025 (21.1) 4963 (21.5) 922 (21.2) 559 (21.6) 334 (19.6)

18–26.9 MET h/week 1908 (13.3) 3028 (13.1) 607 (14.0) 361 (14.0) 235 (13.8)

27+ MET h/week 4007 (28.0) 6556 (28.5) 1152 (26.5) 718 (27.8) 508 (29.8)

Oral contraceptive use

Never 2674 (18.7) 3567 (15.5) 629 (14.5) 350 (13.6) 230 (13.5)

Current 2204 (15.4) 2690 (11.7) 458 (10.5) 261 (10.1) 164 (9.6)

Past 9417 (65.9) 16 763 (72.8) 3258 (75.0) 1969 (76.3) 1311 (76.9)

Menopausal status

Premenopausal 14 009 (98.3) 22 407 (97.7) 4207 (97.3) 2487 (96.9) 1626 (96.2)

Postmenopausal, natural or surgical 48 (0.3) 65 (0.3) 20 (0.5) 5 (0.2) 9 (0.5)

Unclear status 189 (1.3) 458 (2.0) 95 (2.2) 76 (3.0) 56 (3.3)

Current ibuprofen medication (2+ times/week) 2280 (15.9) 4378 (19.0) 869 (20.0) 620 (24.0) 454 (26.6)

Ever use of antidepressante 886 (6.2) 2288 (9.9) 572 (13.2) 548 (21.2) 534 (31.3)

aMean value.
bHighest education attainment among father and mother.
cSomatotype was in 10 different categories from least to greatest adiposity.
dMET h/week = metabolic equivalent hours/week.
eFirst assessed in 1993.
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The mechanisms underlying the association between PTSD
and hypothyroidism are not clear. First, it is possible that trauma
itself may lead to the reduction in thyroid hormone levels over a
long period (Vitek and Shatney, 1987; Desborough, 2000).
Helmreich and Tylee (2011) reported that physical trauma in
rats led to decreased activity of the thyroid gland. For the chronic
effect of trauma, several studies proposed related factors such as

elevated inflammation, change in the immune cell gene expres-
sion pathway, dysregulation in the HPT axis, and accelerated
immune cell aging (Yehuda et al., 1994; Neylan et al., 2005;
Yehuda et al., 2005; von Kanel et al., 2007; Hoge et al., 2009;
Uddin et al., 2010; Neylan et al., 2011; O’Donovan et al., 2011;
Pace et al., 2012). Changes in the immune and endocrine systems,
and the central and autonomic nervous systems that are brought

Table 2. Adjusted HRs (95% CIs) for the association between trauma exposure and PTSD symptoms with risk of incident thyroid diseases with 1 year lag, 1989–2013

No trauma
Trauma + PTSD symptoms

p-trend

Exposure No symptoms 1–3 symptoms 4–5 symptoms 6–7 symptoms

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Incident hypothyroidism

Cases, n 1741 (241 335) 3922 (477 333) 1089 (120 496) 748 (73 362) 493 (46 257)

(person-year)

Model 1 1.0 (ref) 1.11 (1.05–1.18) 1.18 (1.09–1.28) 1.34 (1.23–1.47) 1.43 (1.29–1.58) <0.001

Model 2 1.0 1.11 (1.05–1.17) 1.17 (1.09–1.27) 1.33 (1.22–1.45) 1.42 (1.28–1.57) <0.001

Model 3 1.0 1.09 (1.03–1.16) 1.15 (1.07–1.24) 1.30 (1.19–1.42) 1.37 (1.23–1.51) <0.001

Model 4 1.0 1.08 (1.02–1.15) 1.12 (1.04–1.21) 1.23 (1.13–1.34) 1.26 (1.14–1.40) <0.001

Incident Graves’ hyperthyroidism

Cases, n 216 (241 929) 411 (478 746) 92 (120 849) 77 (73 655) 51 (46 467)

(person-year)

Model 1 1.0 (ref) 0.95 (0.81–1.12) 0.84 (0.66–1.08) 1.20 (0.92–1.55) 1.26 (0.92–1.71) 0.17

Model 2 1.0 0.95 (0.80–1.12) 0.84 (0.66–1.07) 1.19 (0.92–1.55) 1.25 (0.92–1.69) 0.18

Model 3 1.0 0.94 (0.79–1.10) 0.82 (0.64–1.05) 1.16 (0.89–1.51) 1.18 (0.87–1.61) 0.32

Model 4 1.0 0.94 (0.79–1.10) 0.83 (0.64–1.06) 1.16 (0.89–1.51) 1.17 (0.86–1.60) 0.35

Model 1, adjusted for age; model 2, model 1 + race and childhood factors; model 3, model 2 + health behavior; model 4, model 3 +menopausal and PMH status, ibuprofen use and
antidepressant use.
Race/ethnicity (Caucasian, African, Latina, Asian, other).
Childhood factors: parental education at birth (⩽high school, some college, ⩾4 years of college) and somatotype at age 5.
Health behavior: BMI (kg/m2: <18.5, 18.5 to <21, 21 to <23, 23 to <25, 25 to <27, 27 to <30, and 30+), cigarette smoking (never, former, or current smoker of: 1–14, 15–24, or 25+ cigarettes per
day), alcohol consumption (categorized as none, 1 to <5, 5 to <10, 10 to <20, and ⩾20 g per day), and physical activity (categorized as <3, 3 to <9, 9 to <18, 18 to <27, and ⩾27 metabolic
equivalent hours per week).
Menopausal and PMH status: (pre-menopausal, post-menopausal with no PMH, post-menopausal with past PMH use, post-menopausal with current PMH use, post-menopausal with PMH
missing, and uncertain menopausal status).
BMI, cigarette smoking, alcohol consumption, physical activity, menopausal status, and ibuprofen use were coded as time-varying.

Table 3. Prospective analysis (excluding women with thyroid disease cases before 2009) of the association between PTSD symptomsa and incident thyroid disease
2008–2013.

Hypothyroidism after 2008 Graves’ hyperthyroidism after 2008

Cases, n HR (95% CI)b Cases, n HR (95% CI)b

No trauma exposure 313 1.0 (referent) 30 1.0 (referent)

Trauma/no symptoms 722 1.02 (0.89–1.16) 65 0.94 (0.61–1.46)

Trauma/1–3 symptoms 272 1.10 (0.93–1.30) 18 0.81 (0.45–1.46)

Trauma/4+ symptoms 297 1.21 (1.03–1.42) 25 1.09 (0.63–1.89)

p-trend 0.01 0.78

Race/ethnicity (Caucasian, African, Latina, Asian, other), Parental education at birth (⩽high school, some college, ⩾4 years of college), BMI (kg/m2: <18.5, 18.5 to <21, 21 to <23, 23 to <25, 25
to <27, 27 to <30, and 30+), cigarette smoking (never, former, or current smoker of: 1–14, 15–24, or 25+ cigarettes per day), alcohol consumption (categorized as none, 1 to <5, 5 to <10, 10 to
<20, and ⩾20 g per day), physical activity (<3, 3 to <9, 9 to <18, 18 to <27, and ⩾27 metabolic equivalent hours per week), menopausal and PMH status (pre-menopausal, post-menopausal
with no PMH, post-menopausal with past PMH use, post-menopausal with current PMH use, post-menopausal with PMH missing, and uncertain menopausal status).
aPTSD symptoms were first assessed in 2008.
bFully adjusted for age, race, parental education, somatotype at age 5, physical activity, BMI, alcohol consumption, cigarette smoking, menopause status, ibuprofen use and antidepressant
use.
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on by trauma are known to be associated with chronic sensitiza-
tion of these systems, thus affecting subsequent responsiveness to
stress exposure (Plaza et al., 2010). Second, it is possible that
behavioral changes associated with PTSD, such as cigarette smok-
ing and alcohol consumption, may increase the risk of hypothy-
roidism (Cook, 1998; Padyukov et al., 2004; Palma et al., 2006;
Ascherio and Munger, 2007); however, we found that greater
PTSD severity was independently associated with hypothyroidism
even after adjustment for cigarette smoking, alcohol consumption,
and physical activity. Third, autoimmune disorders and mental
health problems may have overlapping etiologies (O’Donovan
et al., 2015). Childhood trauma is known to be related to dysregu-
lated glucocorticoid signaling and immune cell aging, which may
trigger the onset of both autoimmune disorders and PTSD
(Dantzer et al., 2008; Dube et al., 2009; Pace and Heim, 2011).
Non-human studies also provide evidence that trauma and
PTSD may increase the risk of autoimmune diseases (Johnson
et al., 2006; Welsh et al., 2009). In the current study, we found
the persistent association with PTSD symptoms and hypothyroid-
ism even after adjusting for childhood trauma, indicating that
there may be multiple mechanisms underlying how PTSD may
lead to suppressed thyroid function.

This study has unique strengths. To our knowledge, it is the
first large long-term cohort study of civilian women evaluating
the relationship between PTSD symptoms and thyroid dysfunc-
tion, with information available on a large number of potential
confounders and pathway variables, including behavioral factors
and medication use. We assessed the prospective relationship
between trauma/PTSD and thyroid function and also considered
possible reverse causation. Although there was some evidence for
reverse causation that HR increased for clinical PTSD among
women with prevalent hypothyroidism compared with women
with no hypothyroidism (online Supplementary Table S3) there
was a significant linear association between PTSD symptoms
and hypothyroidism after restricting to outcomes developed
after PTSD assessment, and results were similar with extended
lagging of exposure. We were also able to evaluate the association
between trauma/PTSD and thyroid dysfunction by depression
status.

There were several limitations to our study. First, the definition
of thyroid dysfunction was based on self-reports of hypothyroid-
ism and hyperthyroidism, which may have led to under-
ascertainment of thyroid dysfunction. However, self-reports of
hypothyroidism and hyperthyroidism were previously validated
in this cohort of health professionals (Holm et al., 2005; Kang
et al., 2013), and a high percentage of self-reports are accurate
in this sample; in addition, sensitivity analyses restricting the ana-
lyses to women reporting physician exams found similar results.
Second, we assessed trauma and lifetime PTSD retrospectively
in 2008; indeed, the percentage of women with PTSD was mod-
erately lower than in other reports (Kessler et al., 1995; Kessler
et al., 2005); yet, associations were similar in analyses where the
study began in 2008. Third, we used a screening instrument to
evaluate PTSD due to a large number of participants and did
not seek clinical confirmation, which may have biased associa-
tions to the null. Fourth, we identified the onset of PTSD as the
year of the worst traumatic event. For women with multiple trau-
matic events, PTSD symptoms may have occurred before the
worst event. This would have led to some measurement error,
which could have biased our results toward the null (Hutcheon
et al., 2010). Fifth, there is the possibility of ascertainment bias
influencing the association between PTSD and thyroid diagnosis.

That is, women with PTSD may be more likely to seek medical
care and, thus, be diagnosed with a thyroid condition that often
goes undiagnosed in the general population. To test this possibil-
ity, we additionally examined whether osteoporosis, which is also
a common unrecognized condition in the general population, was
associated with trauma and PTSD symptoms and no relation was
found. Sixth, the age of every traumatic event was not collected
due to the burden on participants, and we did not address the
effect of duration and remission of PTSD symptoms on thyroid
disease. Prior to their worst event, participants may have had
PTSD symptoms, since many women experienced multiple trau-
mas, and this may have caused measurement error, biasing results
to the null. Also, if the risk of hypothyroidism decreases after the
remission of PTSD symptoms, we might have underestimated the
strength of PTSD symptom-thyroid disease association. To evalu-
ate questions about how duration and remission impact the rela-
tion between PTSD and thyroid disease, further research is
warranted. Finally, women in our study sample were predomin-
antly white and highly educated, so the generalizability of our
findings could be limited. There is considerable variation by
race/ethnicity (McLeod et al., 2014) in rates of autoimmune thy-
roid diseases, including Graves’ disease and Hashimoto thyroidi-
tis, and thus further research is needed in populations of different
race/ethnic backgrounds.

Conclusions

It is known that PTSD not only affects women’s mental health,
but also affects physical health by increasing risk of cardiovascular
disease (Sumner et al., 2015), type-2 diabetes (Roberts et al.,
2015), and hypertension (Sumner et al., 2016). Our study suggests
that PTSD symptoms may also be associated with thyroid disor-
ders, which can cause additional health problems such as depres-
sion (Gold et al., 1981) and memory loss (Mennemeier et al.,
1993). Also, symptoms of thyroid disease, such as weight gain,
excess fatigue or muscle weakness, may be a threat to health
and quality of life (Screening, 2003). If these results are con-
firmed, our findings suggest that thyroid health warrants clinical
attention in women with PTSD symptoms. Since thyroid disor-
ders are treatable with proper medications, timely screening and
early intervention for thyroid disorder in populations at high-risk
of PTSD may lessen the morbidity associated with the disorder.
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be found at https://doi.org/10.1017/S0033291718003495.
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