
Association of Stress-Related Disorders With Subsequent
Autoimmune Disease
Huan Song, MD, PhD; Fang Fang, MD, PhD; Gunnar Tomasson, MD, PhD; Filip K. Arnberg, PhD;
David Mataix-Cols, PhD; Lorena Fernández de la Cruz, PhD; Catarina Almqvist, MD, PhD;
Katja Fall, MD, PhD; Unnur A. Valdimarsdóttir, PhD

IMPORTANCE Psychiatric reactions to life stressors are common in the general population and
may result in immune dysfunction. Whether such reactions contribute to the risk of
autoimmune disease remains unclear.

OBJECTIVE To determine whether there is an association between stress-related disorders
and subsequent autoimmune disease.

DESIGN, SETTING, AND PARTICIPANTS Population- and sibling-matched retrospective cohort
study conducted in Sweden from January 1, 1981, to December 31, 2013. The cohort included
106 464 exposed patients with stress-related disorders, with 1 064 640 matched unexposed
persons and 126 652 full siblings of these patients.

EXPOSURES Diagnosis of stress-related disorders, ie, posttraumatic stress disorder, acute
stress reaction, adjustment disorder, and other stress reactions.

MAIN OUTCOMES AND MEASURES Stress-related disorder and autoimmune diseases were
identified through the National Patient Register. The Cox model was used to estimate hazard
ratios (HRs) with 95% CIs of 41 autoimmune diseases beyond 1 year after the diagnosis of
stress-related disorders, controlling for multiple risk factors.

RESULTS The median age at diagnosis of stress-related disorders was 41 years (interquartile
range, 33-50 years) and 40% of the exposed patients were male. During a mean follow-up of
10 years, the incidence rate of autoimmune diseases was 9.1, 6.0, and 6.5 per 1000
person-years among the exposed, matched unexposed, and sibling cohorts, respectively
(absolute rate difference, 3.12 [95% CI, 2.99-3.25] and 2.49 [95% CI, 2.23-2.76] per 1000
person-years compared with the population- and sibling-based reference groups,
respectively). Compared with the unexposed population, patients with stress-related
disorders were at increased risk of autoimmune disease (HR, 1.36 [95% CI, 1.33-1.40]). The
HRs for patients with posttraumatic stress disorder were 1.46 (95% CI, 1.32-1.61) for any and
2.29 (95% CI, 1.72-3.04) for multiple (�3) autoimmune diseases. These associations were
consistent in the sibling-based comparison. Relative risk elevations were more pronounced
among younger patients (HR, 1.48 [95% CI, 1.42-1.55]; 1.41 [95% CI, 1.33-1.48]; 1.31 [95% CI,
1.24-1.37]; and 1.23 [95% CI, 1.17-1.30] for age at �33, 34-41, 42-50, and �51 years,
respectively; P for interaction < .001). Persistent use of selective serotonin reuptake
inhibitors during the first year of posttraumatic stress disorder diagnosis was associated with
attenuated relative risk of autoimmune disease (HR, 3.64 [95% CI, 2.00-6.62]; 2.65 [95% CI,
1.57-4.45]; and 1.82 [95% CI, 1.09-3.02] for duration �179, 180-319, and �320 days,
respectively; P for trend = .03).

CONCLUSIONS AND RELEVANCE In this Swedish cohort, exposure to a stress-related disorder
was significantly associated with increased risk of subsequent autoimmune disease,
compared with matched unexposed individuals and with full siblings. Further studies are
needed to better understand the underlying mechanisms.
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M ost humans are at some point during their lives ex-
posed to trauma or significant life stressors, includ-
ing loss of loved ones and exposure to various disas-

ters or violence.1,2 While many individuals exposed to such
adversities gradually recover,1,3 a significant proportion goes
on to develop severe psychiatric reactions, including posttrau-
matic stress disorder (PTSD) or acute stress reaction (also
known as acute stress disorder) after life-threatening events,4

or adjustment disorder triggered by an identifiable and stress-
ful life change.5 Individuals with such stress-related disor-
ders experience an array of physiologic alterations, including
disruption of the hypothalamic-pituitary-adrenal axis6 and au-
tonomic nervous system,6,7 which in turn may influence mul-
tiple bodily systems, eg, immune function,6,8 and thereby sus-
ceptibility to disease.

Manifested as abnormal immune reaction in specific or-
gans or bodily systems, autoimmune disease may be influ-
enced by psychiatric reactions to life stressors. Although ani-
mal data lend support to a potential link,6 epidemiological
evidence underpinning the association between stress-
related disorders and autoimmune diseases in humans is lim-
ited. Existing data are largely based on male, military
samples9-11 focusing on PTSD instead of all clinically con-
firmed, stress-related disorders. Further limitations entail
cross-sectional designs,10 small sample sizes,9-11 and incom-
plete control of familial factors.9,10 The purpose of this study
was to assess the association between stress-related disor-
ders and subsequent risk of autoimmune disease, while con-
trolling for familial factors through a sibling-based compari-
son, using nationwide registers in Sweden that include
information on all medical diagnoses and family links.

Methods
Study Design
Based on the Swedish Population and Housing Census in 1980,
we identified all Swedish-born individuals living in Sweden in
1980. These individuals were followed up from January 1, 1981,
by cross-linking the census data to the National Patient Reg-
ister, Multi-Generation Register, Prescribed Drug Register,
Cause of Death Register, and Migration Register using the na-
tional identification numbers unique for all Swedish inhabi-
tants. The study was approved by the Regional Ethics Review
Board in Stockholm; the requirement of informed consent is
waived in register-based studies in Sweden.

We compiled an exposed cohort of all individuals who re-
ceived their first diagnosis of a stress-related disorder be-
tween January 1, 1981, and December 31, 2013 (Figure 1). We
excluded patients with a history of autoimmune disease or with
conflicting information. Further, we excluded individuals born
prior to 1932 to allow complete identification of family mem-
bers from the Multi-Generation Register.

Stress-Related Disorders, Comorbidities,
and Pharmaceutical Treatment
The Swedish National Patient Register includes nationwide in-
formation on inpatient diagnoses since 1987 (>80% of the coun-

try during 1981-1986),12 and more than 80% of hospital-based
outpatient specialist diagnoses (from both private and public
caregivers) since 2001. Primary care is not yet covered by this
register. We defined stress-related disorders as any first inpa-
tient or outpatient visit with a primary diagnosis registered in
the National Patient Register according to the eighth to 10th re-
visions of the International Classification of Diseases (ICD) codes
307 and 308.4 (ICD-8); 308 and 309 (ICD-9); and F43 (ICD-10)
(eTable 1 in the Supplement). Stress-related disorders were fur-
ther divided into PTSD (ICD-9: 309B; ICD-10: F43.1), acute stress
reaction (ICD-9: 308, 309A; ICD-10: F43.0), and adjustment dis-
order and other stress reactions (ICD-8: 307 and 308.4; ICD-9:
309X; ICD-10: F43.2, F43.8, and F43.9).

Because PTSD might initially be diagnosed as other stress-
related disorders (most likely as acute stress reaction13), we clas-
sified all patients receiving a diagnosis of PTSD within 1 year
after their first stress-related disorder diagnosis as patients with
PTSD. Further, for patients diagnosed as having a stress-
related disorder in 2001 onward, we classified the severity of
stress-related disorders by the type (ie, inpatient, outpatient,
or both) and intensity (ie, duration of inpatient stay and/or fre-
quency of outpatient visits) of psychiatric care during the first
year after diagnosis.

Other psychiatric disorders are common comorbidities of
stress-related disorders.14,15 We therefore considered other psy-
chiatric diagnoses recorded more than 3 months before the first
stress-related disorder diagnosis as “history of other psychiat-
ric disorders,” whereas diagnoses from 3 months before to 1 year
after the first diagnosis of stress-related disorder were recorded
as“psychiatriccomorbidities.”Diagnosesofotherpsychiatricdis-
orders were similarly obtained from the National Patient Regis-
ter (ICD-8: 290-319 except 307 and 308.4; ICD-9: 290-319 except
308 and 309; and ICD-10: F10-F99 except for F43).

Selective serotonin reuptake inhibitors (SSRIs) are the rec-
ommended first-line pharmacotherapy for PTSD with docu-
mented effectiveness for its core symptoms.16 To study the po-
tential role of this treatment on the association of interest, we
retrieved information on the dispensing of SSRIs (Anatomical
Therapeutic Chemical code N06AB) from the Prescribed Drug
Register, available from July 2005. We defined SSRI users as in-
dividuals who filled 2 or more prescriptions of SSRIs within
the first year after diagnosis. The duration of treatment was the

Key Points
Question Are psychiatric reactions induced by trauma or other life
stressors associated with subsequent risk of autoimmune disease?

Findings In this Swedish register-based retrospective cohort
study that included 106 464 patients with stress-related disorders,
1 064 640 matched unexposed individuals, and 126 652 full
siblings, exposure to a clinical diagnosis of stress-related disorders
was significantly associated with an increased risk of autoimmune
disease (incidence rate was 9.1 per 1000 person-years in exposed
patients compared with 6.0 and 6.5 per 1000 person-years in
matched unexposed individuals and siblings, respectively).

Meaning Stress-related disorders were significantly associated
with risk of subsequent autoimmune disease.
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number of days between the first and the last dispensation. The
average dosage was then calculated by dividing cumulative de-
fined daily dose17 by the duration of treatment.

Population-Matched Unexposed Cohort
We randomly selected 10 persons per exposed patient, indi-
vidually matched by birth year and sex, from the study base
who were free of stress-related disorders and autoimmune dis-
eases at the diagnosis date of the index patient.

Sibling Cohort
Because multiple factors that cluster within families may be as-
sociated with both stress-related disorders and autoimmune dis-
eases, we further conducted a sibling-based comparison includ-
ing both patients with stress-related disorders and their full
siblings, ie, with the same biological mother and father.

Follow-up
We followed up all participants from the index date until the
first diagnosis of autoimmune disease, death, emigration, or
the end of study (December 31, 2013), whichever occurred first.

The follow-up of unexposed individuals or siblings was addi-
tionally censored if they were later diagnosed as having stress-
related disorders. These individuals were then moved to the
exposed group. To reduce risks of reverse causality and sur-
veillance bias (ie, increased probability of detecting autoim-
mune diseases in patients with stress-related disorder due to
increased medical surveillance), we excluded the first year of
follow-up in all analyses (see flexible parametric survival mod-
els in eFigure 1 in the Supplement).

Autoimmune Diseases
Information on autoimmune diseases was retrieved from the
National Patient Register. In total, we considered 41 autoim-
mune diseases,18 using their corresponding ICD codes (eTable
1 in the Supplement).

Covariates
Information about education level, family income, and marital
status was obtained from the Longitudinal Integration Database
for Health Insurance and Labor Market. We calculated Charlson
Comorbidity Index score19 for all participants according to the

Figure 1. Study Design

Sibling cohort

78 635 Exposed cohortd

674 428 Accumulated person-years
at riska

126 652 Sibling cohorte

1 253 577 Accumulated person-years
at riska

19 432 Excluded
12 163 Autoimmune disease before onset

of stress-related disorder

11 Conflicting information (died or
emigrated before diagnosis)

7258 Without available family information
from Multi-Generation Register
(born before 1932)

7 689 628 Individuals in the Swedish
Population and Housing Census
in 1980

Population-matched cohort

106 464 Exposed cohort
911 730 Accumulated person-years

at riska

1 064 640 Unexposed cohortb,c

9 675 711 Accumulated person-years
at riska

125 896 Patients with new-onset stress-related
disorder between January 1, 1981, and
December 31, 2013

Individuals were identified from the Swedish National Inpatient Register
(1964-present) and the Swedish National Outpatient Register (2001-present).
Those in the population-matched cohort were individually matched 1:10
(by sex and birth year).
a The first year of follow-up was excluded for calculating the accumulated

person-years.
b Eligible unexposed individuals were the ones without stress-related disorders

and autoimmune diseases at the diagnosis of the index patient. The matching
was performed using the density sampling method.

c Among the unexposed individuals, 15243 (1.4%) received a diagnosis of
stress-related disorder during follow-up and contributed to the exposed group
after the diagnosis.

d A subgroup of the exposed cohort involved in the population-matched cohort,
including only exposed patients with trackable full siblings without
stress-related disorders and autoimmune diseases at the diagnosis date of the
index patient.

e Among the full siblings, 5295 (4.2%) received a diagnosis of stress-related disorders
during follow-up and contributed to the exposed group after the diagnosis.
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National Patient Register. Family history of autoimmune disease
was defined as having any first-degree relatives (biological par-
ents, siblings, or children) with any included autoimmune dis-
ease recorded in the National Patient Register. We used the most
updated information before the index date for all analyses. Ad-
ditionally, based on the National Patient Register, we calculated
the number of health care visits (including both inpatient stay
and outpatient visit, for any reason) for all participants during
the first year after study entry, as a proxy of medical surveillance
level during follow-up. Because exposed patients received inten-
sive medical care during the first month after their diagnoses, we
removed the first month after study entry from this calculation.

Statistical Analysis
We used conditional Cox models to estimate hazard ratios (HRs)
with 95% CIs of autoimmune diseases in relation to previous
stress-related disorders using time after the index date as the
underlying time scale.

In the population-matched cohort, we stratified all analyses
by matching identifiers (birth year and sex) and adjusted for edu-
cation level (<9 years, 9-12 years, >12 years, or unknown), fam-
ily income (top 20%, middle, lowest 20%, or unknown), mari-
tal status (single, married/cohabiting, or divorced/widowed),
Charlson Comorbidity Index score (0, 1, or ≥2), family history of
autoimmune disease (yes or no), and history of other psychiat-
ric disorders (yes or no). We analyzed all stress-related disorders
as 1 group followed by separate analyses for PTSD, acute stress
reaction, and adjustment disorder and other stress reactions.
Also, we separately calculated the HRs for sex, age at index date
(by quartiles, ≤33, 34-41, 42-50, or ≥51 years), calendar year at in-
dex date (1981-1990, 1991-2000, or 2001-2013), time since index
date (1-4 years, 5-9 years, or ≥10 years), family history of auto-
immune disease (yes or no), history of other psychiatric disor-
ders (yes or no), and the frequency of health care visits during
the first year (0-1 or ≥2 times). We assessed the differences of HRs
by introducing an interaction term to the Cox models. Besides
the aforementioned relative measures of association, we calcu-
lated absolute rate difference with 95% CIs.

We further performed subgroup analyses by psychiatric co-
morbidity, as well as the type and intensity of psychiatric care
received within 1 year after the diagnosis (among patients di-
agnosed in 2000 onward). For patients diagnosed since July
2005, we examined the potential effect of SSRI use on the as-
sociation between stress-related disorders and autoimmune
disease. The Wald test was used to examine the difference in
subgroups (for nominal variables) or to test the potential dose-
dependent effect (for ordinal variables).

In addition to a diagnosis of any autoimmune disease, we
examined the risk of multiple autoimmune syndromes (ie, hav-
ing ≥3 autoimmune diseases),20 individual autoimmune dis-
eases (with ≥100 identified cases in the population-matched
cohort), as well as 9 major groups of autoimmune diseases (dis-
eases of endocrine, nervous, digestive, skin system, inflam-
matory arthritis, connective tissue disorders, vasculitis, he-
matological diseases, and others).

Similar analyses were conducted in the sibling cohort. We
used conditional Cox models stratified by family identifier and
adjusted for similar variables as in the population-based com-

parison. HRs between population and sibling analyses were
compared using a z test.21

To assess the robustness of the results to the definition of
history of other psychiatric disorders, we re-ran the analyses
by using a 6-month, instead of 3-month, period prior to stress-
related disorder to demark the “history of other psychiatric dis-
orders.” To further address the concern about surveillance bias,
we plotted the cumulative incidence curves of autoimmune
diseases among participants with more than 5 years of follow-
up. Also, we used more stringent definitions of the outcome,
including (1) at least 2 health care visits (inpatient stay or out-
patient visit) with the same autoimmune disease as a diagno-
sis and (2) at least 1 inpatient stay with autoimmune disease
as the main discharge diagnosis. Furthermore, the frequency
of heath care visits during the first year was additionally ad-
justed as a continuous variable in the Cox models. To further
reduce the possibility of reverse causality, we repeated the
analyses by excluding the first 2 and 5 years after study entry.
All analyses were conducted in SAS statistical software, ver-
sion 9.4 (SAS Institute). A 2-sided P < .05 was considered sta-
tistically significant.

Results
Among 7 689 628 Swedish-born individuals, 125 896 patients
with their first stress-related disorder diagnosed between 1981
and 2013 were identified. A total of 19 432 persons were ex-
cluded according to the exclusion criteria, leaving 106 464 eli-
gible patients for further analyses (Figure 1). Then, 1 064 640
matched unexposed individuals and 126 652 full siblings (of
78 635 exposed patients), who were free of stress-related dis-
orders and autoimmune diseases at the diagnosis date of the
index patient, were included as reference groups.

The median age at diagnosis of stress-related disorders was
41 years and 40% of these patients were male (Table 1). Com-
paredwithunexposedindividuals,exposedpatientshadahigher
Charlson Comorbidity Index score, but lower education level
and family income; they were also more likely to be divorced/
widowed and have a history of other psychiatric disorders.

During a mean follow-up of 10 years, we identified 8284
individuals with a newly diagnosed autoimmune disease
among exposed patients (incidence rate, 9.1 [95% CI, 8.9-9.3]
per 1000 person-years in the population-matched cohort and
9.0 [95% CI, 8.8-9.2] per 1000 person-years in the sibling co-
hort), 57 711 among matched unexposed individuals (inci-
dence rate, 6.0 [95% CI, 5.9-6.0] per 1000 person-years), and
8151 among the siblings (incidence rate, 6.5 [95% CI, 6.4-6.7]
per 1000 person-years). This corresponds to an absolute rate
difference of 3.12 (95% CI, 2.99-3.25) and 2.49 (95% CI, 2.23-
2.76) per 1000 person-years compared with the population-
and sibling-based reference groups, respectively. After con-
trolling for confounders, the risk for autoimmune disease was
increased among patients with stress-related disorders (HR,
1.36 [95% CI, 1.33-1.40]; Table 2) compared with matched un-
exposed individuals. Specifically, the HR was 1.46 (95% CI, 1.32-
1.61) for PTSD, 1.35 (95% CI, 1.30-1.40) for acute stress reac-
tions, and 1.37 (95% 1.32-1.41) for adjustment disorder and other
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Table 1. Characteristics of the Study Cohorts

Characteristic

Population-Matched Cohort Sibling Cohort

Exposed Cohort Matched Unexposed Cohort Exposed Cohorta Sibling Cohort

No. of participants 106 464 1 064 640 78 635 126 652

Follow-up time,
mean (SD), y

9.5 (7.7) 10.1 (8.0) 9.5 (7.7) 10.9 (8.2)

Male, % 40.0 40.0 40.1 51.1

Age at index date,
median (IQR), y

41 (33-50) 41 (33-50) 42 (34-50) 43 (35-52)

Age group,
No. (%), y

≤33 27 717 (26.0) 277 170 (26.0) 18 582 (23.6) 28 337 (22.4)

34-41 26 906 (25.3) 269 060 (25.3) 20 544 (26.1) 29 615 (23.4)

42-50 26 366 (24.8) 263 660 (24.8) 20 694 (26.3) 33 470 (26.4)

≥51 25 475 (23.9) 254 750 (23.9) 18 815 (23.9) 35 230 (27.8)

By calendar year
at index date, No. (%)

1981-1990 13 427 (12.6) 134 270 (12.6) 9666 (12.3) 19 680 (15.5)

1991-2000 18 445 (17.3) 184 450 (17.3) 13 589 (17.3) 25 338 (20.0)

2001-2013 74 592 (70.1) 745 920 (71.6) 55 380 (70.4) 81 634 (64.5)

Education level,
No. (%), y

<9 6016 (5.6) 58 634 (5.5) 4286 (5.5) 11 442 (9.0)

9-12 70 230 (66.0) 633 867 (59.5) 51 686 (65.7) 80 881 (63.9)

>12 27 898 (26.2) 352 371 (33.1) 21 315 (27.1) 31 709 (25.0)

Unknown 2320 (2.2) 19 768 (1.9) 1348 (1.7) 2575 (2.1)

Yearly family income
level, No. (%)

Lowest 20% 17 944 (16.9) 139 815 (13.1) 12 809 (16.3) 17 028 (13.4)

Middle 58 828 (55.3) 571 367 (53.7) 43 840 (55.8) 65 567 (51.8)

Top 20% 15 902 (14.9) 215 475 (20.2) 12 132 (15.4) 23 963 (18.9)

Unknown 13 790 (13.0) 137 983 (13.0) 9854 (12.5) 20 094 (15.9)

Marital status,
No. (%)

Single 47 634 (44.7) 470 508 (44.2) 34 130 (43.4) 51 529 (40.7)

Married
or cohabiting

40 773 (38.3) 493 631 (46.4) 31 018 (39.5) 60 010 (47.4)

Divorced
or widowed

18 057 (17.0) 100 501 (9.4) 13 487 (17.2) 15 113 (11.9)

Charlson Comorbidity
Index score, No. (%)b

0 84 421 (79.3) 930 806 (87.4) 62 485 (79.5) 107 531 (84.9)

1 14 650 (13.8) 95 007 (8.9) 10 607 (13.5) 13 329 (10.5)

≥2 7393 (6.9) 38 827 (3.7) 5543 (7.0) 5792 (4.6)

History of other
psychiatric
disorders, No. (%)c

Yes 33 169 (31.2) 61 578 (5.8) 25 008 (31.8) 12 357 (9.8)

No 73 295 (68.8) 1 003 062 (94.2) 53 627 (68.2) 114 295 (90.2)

Family history of
autoimmune
diseases, No. (%)

Yes 25 514 (24.0) 231 800 (21.8) 19 063 (24.2) 31 053 (24.5)

No 80 950 (76.0) 832 840 (78.2) 59 572 (75.8) 95 599 (75.5)

No. of health care visits
during the first year
after study entry,
No. (%)d

0-1 times 60 374 (56.7) 929 198 (87.3) 42 658 (54.2) 107 565 (84.9)

≥2 times 46 090 (43.3) 135 442 (12.7) 35 977 (45.8) 19 087 (15.1)

(continued)
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stress reactions (Table 2 and eTable2 in the Supplement); there
was no statistically significant difference between these HRs
(P = .14). The sibling-based comparison corroborated the ob-
served associations, in which lower estimates were noted for
adjustment disorder and other stress reactions (HR, 1.27 [95%
CI, 1.20-1.34]; P for difference between population- and sibling-
based comparison = .03), but not acute stress reaction (HR, 1.31
[95% CI, 1.23-1.40]; P = .42) and PTSD (HR, 1.39 [95% CI, 1.16-
1.65]; P = .63) (eTables 3 and 4 in the Supplement).

These associations did not differ by sex, calendar period,
or family history of autoimmune disease (Table 2 and eTables
2-4 in the Supplement), but were stronger among patients ex-
posed at a younger age (HR, 1.48 [95% CI, 1.42-1.55], 1.41 [95%
CI, 1.33-1.48], 1.31 [95% CI, 1.24-1.37], and 1.23 [95% CI, 1.17-
1.30] for age at ≤33, 34-41, 42-50, and ≥51 years, respectively;
P for interaction < .001) or without a history of other psychi-
atric disorders (HR, 1.23 [95% CI, 1.12-1.35] vs 1.40 [95% CI, 1.36-
1.44] for patients with and without such a history, respec-
tively; P for interaction < .001). Furthermore, although the
association was modified by the frequency of health care vis-
its (HR, 1.29 [95% CI, 1.25-1.33] for 0-1 vs 1.15 [95% CI, 1.08-
1.22] for ≥2 visits; P for interaction < .001), it was present at
both levels of medical surveillance.

The presence of psychiatric comorbidity was associated
with further elevated risk of autoimmune disease, eg, for all
stress-related disorders, the HR was 1.47 (95% CI, 1.40-1.54)

and 1.33 (95% CI, 1.29-1.37) for patients with and without psy-
chiatric comorbidity, respectively (P for difference < .001)
(Table 3 and eTable 5 in the Supplement). Additionally, for pa-
tients with PTSD who initiated SSRI treatment (42.6% of all pa-
tients with PTSD), the observed excess risk decreased with per-
sistent use of SSRIs during the first year after PTSD diagnosis
(HR, 3.64 [95% CI, 2.00-6.62], 2.65 [95% CI, 1.57-4.45], and
1.82 [95% CI, 1.09-3.02] for duration ≤179, 180-319, and ≥320
days, respectively, irrespective of dosage level; P for
trend = .03). However, no such findings were noted for other
stress-related disorders.

The association of PTSD, but not other stress-related dis-
orders, was stronger for multiple autoimmune syndromes than
single autoimmune disease (HR, 1.46 [95% CI, 1.32-1.61] and
2.29 [95% CI, 1.72-3.04] for any and ≥3 autoimmune diseases,
respectively; P for difference < .001; eFigure 2 in the Supple-
ment). Except for hematological disorders, which only showed
a risk elevation in the sibling-based comparison, stress-
related disorders were associated with elevated risks of all ma-
jor groups of autoimmune diseases in both the population-
matched and sibling cohorts (Figure 2). Statistically significant
associations were noted between stress-related disorders and
18 individual autoimmune diseases, eg, Addison disease (HR,
2.23 [95% CI, 1.41-3.35]), Guillain-Barré syndrome (HR, 1.72
[95% CI, 1.30-2.29]), and IgA nephropathy (HR, 1.60 [95% CI,
1.33-1.94]).

Table 1. Characteristics of the Study Cohorts (continued)

Characteristic

Population-Matched Cohort Sibling Cohort

Exposed Cohort Matched Unexposed Cohort Exposed Cohorta Sibling Cohort

Type of stress-related
disorders, No. (%)

Diagnosis type

Posttraumatic
stress disorder

6607 (6.2) 4827 (6.1)

Acute stress reaction 46 693 (43.9) 34 299 (43.7)

Adjustment disorder
and other stress
reaction

53 164 (49.9) 39 509 (50.2)

Psychiatric comorbiditye

Yes 24 722 (23.2) 18 937 (24.1)

No 81 742 (76.8) 59 698 (75.9)

Psychiatric care
received during the
year after diagnosisf

All 74 592 55 380

Both inpatient
and outpatient

4186 (5.6) 3129 (5.7)

Inpatient only 13 152 (17.6) 9644 (17.4)

Outpatient only 57 254 (76.8) 42 607 (76.9)

Abbreviation: IQR, interquartile range.
a A subgroup of the exposed cohort involved in the population-matched cohort,

including only exposed patients with eligible full siblings.
b The Charlson Comorbidity Index is an approach of measuring comorbidities

burden, with a weight of 1/2/3/6 assigned for each comorbidity category
based on the reported risk of mortality or resource use. The sum of all the
weights is the comorbidity index for an individual (possible range, 0-33).
A score of zero shows no comorbidities; the higher the score, the more likely
the predicted outcome will result in mortality or higher medical resource use.

c Psychiatric disorders diagnosed before 3 months prior to the index date

(ie, the diagnosis date of exposed patients or the diagnosis date of the index
patient for matched unexposed individuals and siblings).

d Both inpatient and outpatient visits were included. The first month after study
entry was removed from this calculation.

e Psychiatric disorders (other than stress-related disorders) diagnosed from
3 months before to 1 year after the diagnosis of stress-related disorders.

f Only for patients diagnosed in 2001 and onward. Only medical visit with
stress-related disorders as main diagnosis was taken into account.
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Restricting to participants with more than 5 years of follow-
up, patients with stress-related disorders had a higher cumu-
lative incidence of autoimmune diseases compared with their
matched unexposed individuals across the follow-up period
(eFigure 3 in the Supplement). Additional adjustment for medi-
cal surveillance level yielded somewhat lower point estimates
(eTable 6 in the Supplement) while changing the definitions for
history of other psychiatric disorders and autoimmune dis-
ease, and the extension of the lag-time period yielded similar
results (eTables 7 and 8 in the Supplement).

Discussion
Based on the nationwide population- and sibling-based com-
parisons, individuals who developed stress-related disorders
after traumatic or other stressful events were at elevated risk
of developing autoimmune disease. These associations were
independent of history of other psychiatric disorders and
became stronger with the presence of co-occurring psychiat-
ric comorbidities. In addition, among patients with PTSD spe-
cifically, persistent use of SSRIs throughout the first year
after diagnosis was associated with attenuated risk of auto-
immune disease.

To our knowledge, this is the first study to address all stress-
related disorders and their associations with 41 distinct auto-
immune diseases in men and women using both population-
and sibling-based comparisons. The observed risk elevations
showed heterogeneity for individual autoimmune diseases (eg,
HR, 1.09 for rheumatoid arthritis but 1.49 for autoimmune thy-
roid disease), perhaps due to the differences in pathogenicity
or the degree of autoimmunity between diverse autoimmune
diseases.22 These findings gain support from previous studies
of male Vietnam War veterans10,11 linking self-reported symp-
toms of PTSD to higher prevalence of a few selected autoim-
mune diseases. These studies are exclusively based on male
samples and their cross-sectional designs limit inferences on
causality. Yet, a recent prospective cohort study of US veterans
also provided supportive evidence for the association be-
tween PTSD and a few types of autoimmune diseases9 while the
trauma exposure of these men (ie, war/combat) differed sig-
nificantly from the general population.

Findings from the present study demonstrated that not
only patients with PTSD, but also individuals with other and
more common stress-related disorders, experienced consid-
erably increased relative risk of autoimmune disease. Al-
though the present findings are of etiologic importance, the
relatively modest differences in incidence rates of autoim-
mune disease between the exposed and unexposed individu-
als (9.1 and 6.0 per 1000 person-years, respectively) do not pro-
vide direct evidence for altered clinical management or
monitoring of persons with stress-related disorders.

The findings of this study are consistent with some bio-
logical evidence linking psychological stress and stressful
events to varying impairments of immune function,6,8 both
of which lend support to a biopsychosocial model in the eti-
ology of autoimmune disease.23 Under stress, the activated
autonomic nervous system might induce the dysregulationTa
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of immune function and disinhibition of inflammatory re-
sponse via the inflammatory reflex.24 Moreover, patients with
PTSD have been reported to have excessively low cortisol
levels,8,25 particularly in the context of early life trauma

exposure.26 The consequence of long-lasting lower cortisol lev-
els may be amplified production of proinflammatory
cytokines24,25 with accelerated immune cell aging27 and over-
activated immune system.28 This pattern is in line with the

Figure 2. Risk Estimates of Association Between Stress-Related Disorders and Different Types
of Autoimmune Diseases

No. of Events/1000
Person-Years

Exposed Unexposed
Diseases of the endocrine system

Inflammatory arthritis

HR (95% CI)

29/911.7 132/9675.7Addison disease 2.23 (1.41-3.53)
2412/911.7 14 521/9675.7Autoimmune thyroid disease 1.49 (1.42-1.56)
1024/911.7 5859/9675.7Diabetes 1.42 (1.32-1.52)
3466/911.7 20 519/9675.7All (population-based analysis) 1.48 (1.42-1.53)
2472/674.4 2883/1253.6All (between-siblings analysis) 1.38 (1.31-1.46)

207/911.7 1529/9675.7Reiter syndrome 1.34 (1.15-1.56)

Vasculitis

Connective tissue disorders

Diseases of the skin system

153/911.7 1115/9675.7Ankylosing spondylitis 1.32 (1.10-1.58)
512/911.7 4761/9675.7Rheumatoid arthritis 1.08 (0.98-1.19)
872/911.7 7405/9675.7All (population-based analysis) 1.17 (1.09-1.26)
635/674.4 1060/1253.6All (between-siblings analysis) 1.09 (0.99-1.20)

25/911.7 103/9675.7Henoch-Schonlein purpura 1.65 (0.99-2.75)
276/911.7 2122/9675.7Giant cell arteritis 1.39 (1.22-1.60)

17/911.7 152/9675.7Granulomatosis with polyangiitis 1.06 (0.62-1.82)
334/911.7 2479/9675.7All (population-based analysis) 1.39 (1.23-1.57)
261/674.4 370/1253.6All (between-siblings analysis) 1.60 (1.35-1.90)

163/911.7 1052/9675.7Sjögren syndrome 1.54 (1.29-1.84)
73/911.7 456/9675.7Systemic lupus erythematosus 1.50 (1.15-1.95)
16/911.7 130/9675.7Polymyositis 1.27 (0.73-2.20)
23/911.7 187/9675.7Systematic sclerosis 1.25 (0.78-1.99)

297/911.7 1940/9675.7All (population-based analysis) 1.50 (1.31-1.71)
224/674.4 274/1253.6All (between-siblings analysis) 1.62 (1.34-1.97)

93/911.7 716/9675.7Vitiligo 1.37 (1.09-1.73)
1553/911.7 11 194/9675.7Psoriasis 1.34 (1.26-1.42)

15/911.7 104/9675.7Dermatitis herpetiformis 1.25 (0.69-2.29)
25/911.7 194/9675.7Alopecia areata 1.25 (0.80-1.96)
18/911.7 125/9675.7Bullous pemphigoid 1.10 (0.64-1.91)

1706/911.7 12 354/9675.7All (population-based analysis) 1.33 (1.26-1.41)
1276/674.4 1822/1253.6All (between-siblings analysis) 1.20 (1.12-1.29)

Hematological diseases
22/911.7 136/9675.7Pernicious anemia 1.55 (0.95-2.52)

Diseases of the nervous system

Diseases of the digestive system

Other diseases

13/911.7 116/9675.7Idiopathic thrombocytopenic purpura 1.11 (0.61-2.03)
34/911.7 299/9675.7Autoimmune hemolytic anemia 1.09 (0.74-1.59)
69/911.7 551/9675.7All (population-based analysis) 1.15 (0.88-1.51)
55/674.4 76/1253.6All (between-siblings analysis) 1.39 (1.01-2.22)

60/911.7 350/9675.7Guillain-Barré syndrome 1.72 (1.30-2.29)
27/911.7 185/9675.7Myasthenia gravis 1.62 (1.06-2.46)
55/911.7 349/9675.7Acute disseminated encephalomyelitis 1.48 (1.09-2.01)

200/911.7 1575/9675.7Multiple sclerosis 1.22 (1.05-1.43)
347/911.7 2487/9675.7All (population-based analysis) 1.35 (1.20-1.52)
268/674.4 313/1253.6All (between-siblings analysis) 1.39 (1.19-1.62)

245/911.7 1443/9675.7Crohn disease 1.50 (1.29-1.73)
219/911.7 1519/9675.7Celiac disease 1.49 (1.28-1.74)
395/911.7 3222/9675.7Ulcerative colitis 1.17 (1.05-1.31)

17/911.7 221/9675.7Primary biliary cirrhosis 0.74 (0.43-1.26)
876/911.7 6405/9675.7All (population-based analysis) 1.31 (1.21-1.41)
641/674.4 861/1253.6All (between-siblings analysis) 1.28 (1.16−1.40)

0.5 4.01.0
HR (95% CI)

162/911.7 846/9675.7IgA nephropathy 1.60 (1.33-1.94)
145/911.7 1294/9675.7Sarcoidosis 1.13 (0.94-1.35)
317/911.7 2183/9675.7All (population-based analysis) 1.35 (1.19-1.53)
235/674.4 297/1253.6All (between-siblings analysis) 1.36 (1.16−1.60)

For analysis of the population-
matched cohort, autoimmune
diseases with less than 100 observed
cases were not analyzed separately,
but they contributed to the
calculations of hazard ratios (HRs) for
corresponding main categories.
For analysis of the sibling cohort, due
to the limited data power, we only
provided estimates for autoimmune
diseases by main categories.
For analysis of the population-
matched cohort, Cox models were
stratified by matching identifiers
(birth year and sex) and adjusted for
education level, family income,
marital status, Charlson Comorbidity
Index score, family history of
autoimmune disease, and history of
other psychiatric disorders.
For analysis of the sibling cohort,
Cox models were stratified by family
identifiers and adjusted for age at the
index date, sex, education level,
family income, marital status,
Charlson Comorbidity Index score,
and history of other psychiatric
disorders. The first year of follow-up
was excluded for all analyses.
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findings that patients with PTSD were at an increased risk of
developing autoimmune disease, especially multiple autoim-
mune syndromes, with stronger association in younger age
groups. An alternative mechanism is a potential change in
lifestyle6 after trauma exposure, such as sleep disruption, al-
cohol or substance abuse, and increased smoking, which may
indirectly alter the risk of autoimmune disease.29,30 A weaker
association was observed for adjustment disorder and other
stress-related reactions in the between-sibling comparison,
compared with the population-based comparison, motivat-
ing further studies exploring potential genetic and early en-
vironmental contributors to the association.

Study strengths include the application of population-
based cohort design: a complete follow-up of more than
100 000 patients diagnosed as having stress-related disor-
ders during a 30-year period and a full-sibling comparison to
address potential familial confounding. Furthermore, the large
sample size provided sufficient statistical power to perform de-
tailed subgroup analyses, including testing for the role of SSRI
treatment. In addition, the availability of rich sociodemo-
graphic and medical information enabled considerations of a
wide range of important confounding factors

Limitations
This study has several limitations. First, surveillance bias is a
concern in the study. Multiple sensitivity analyses, including
using extended lag times and different strategies for outcome
ascertainment, restricting the analyses to severe autoim-
mune diseases, and adjusting for estimated medical surveil-
lance level, suggested some but limited influence of surveil-
lance bias in the reported associations. Second, diagnoses from

primary care are not included in the Swedish Nation Patient
Register, which may result in lower detection of stress-
related disorders and autoimmune diseases, particularly of less-
severe conditions. Also, no corroboration exists for the diag-
noses of stress-related disorders in the Swedish National Patient
Register and diagnostic practices of stress-related disorders
have varied over time. PTSD was introduced in ICD-9; thus, pa-
tients with PTSD were previously either not diagnosed or di-
agnosed as having other stress-related disorders. Third, it is
challenging to distinguish co-occurring other psychiatric dis-
orders from the pre-existing ones using register data. This con-
cern was partially relieved in sensitivity analysis with altered
definitions revealing similar results. Fourth, there was lim-
ited information about potential causal pathways linking stress-
related disorders to autoimmune diseases. The potential role
of other unmeasured factors (eg, infections preceding auto-
immune diseases,31 alterations in health-related behavior, or
the use of other medications) need to be addressed in future
studies. Fifth, despite showing stronger associations among
younger participants, the present study had limited statisti-
cal power to assess the association between stress-related dis-
order and autoimmune disease in early life.

Conclusions
In this Swedish cohort, exposure to a stress-related disorder
was significantly associated with increased risk of subse-
quent autoimmune disease, compared with matched unex-
posed individuals and with full siblings. Further studies are
needed to better understand the underlying mechanisms.
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