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Background Prior research provides suggestive evidence on an association between stress-related disorders and
mortality. No previous study has however addressed the role of familial confounding on such association.

Methods We conducted a nationwide cohort study of 189,757 individuals with a first-onset stress-related disorder
between January 1, 1981 and December 31, 2016 in Sweden (i.e., exposed patients), 1,896,352 matched unexposed
individuals, and 207,479 unaffected full siblings of the exposed patients. Cox proportional hazards models were
used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) of all-cause and cause-specific mortality.

Findings During a mean follow-up of 9.42 years, an elevated risk of all-cause mortality was observed during the
entire follow-up among patients with stress-related disorders, compared with either unexposed individuals or their
unaffected full siblings. Such excess risk was most pronounced within the first year after diagnosis of stress-related
disorders (HR, 3.19 [95% CI, 2.87-3.54] in population-based comparison; HR, 3.21 [95% CI, 2.56-4.02] in sibling-
based comparison). The excess risk decreased but remained statistically significant thereafter (HR, 1.64 [95% CI,
1.60-1.67] in population-based comparison; HR, 1.61 [95% CI, 1.54-1.68] in sibling-based comparison). An increased
risk was observed for almost all cause-specific mortality, with greater risk increase for deaths from unnatural causes,
especially suicide, and potentially avoidable causes.

Interpretation Stress-related disorders were associated with an increased risk of all-cause mortality and multiple
cause-specific mortality, and the risk elevation was independent of familial confounding. The excess mortality attrib-
utable to unnatural causes and potentially avoidable causes highlights the importance of clinical surveillance of
major health hazards among patients with stress-related disorders.
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Research in context

Evidence before this study

We searched PubMed up to Nov 30, 2021, with no lan-
guage restrictions, using the search terms: (“mortality” and
(“stress” or “stress-related disorders” or “stress disorders”
or “stress reaction” or “post-traumatic stress disorder” or
“PTSD” or “acute stress reaction” or “adjustment disorder”)
and (“cohort” or “longitudinal”)). This search yielded 29 eli-
gible studies, after title and abstract screening. In addition,
we also searched Google Scholar, as a supplement source,
using same search items and found 8 additional relevant
studies. Most of these 37 identified studies, focusing on
US veterans, disaster survivors, inpatients, female nurses,
and general population, suggested a possible deleterious
role of stress-related disorders on mortality. Specifically,
individuals with PTSD or other stress-related disorders
were at an elevated risk of all-cause mortality, suicide, and
cardiovascular mortality. However, little knowledge has
been obtained about the association between all stress-
related disorders (including adjustment disorder) and all-
cause mortality as well as multiple cause-specific mortality,
and no study has assessed the role of familial confound-
ing, due to shared genetic or non-genetic factors (e.g.,
early environmental exposures and lifestyle) within a fam-
ily, on such associations.

Added value of this study

To the best of our knowledge, this is the first large-scale
study to comprehensively assess the risk of all-cause and
cause-specific mortality after diagnosis of stress-related
disorders using both population- and sibling-based com-
parisons. We found that patients with stress-related dis-
orders were at increased risk of all-cause and multiple
cause-specific mortality, especially during the first year
following the diagnosis, compared with matched unex-
posed individuals or their unaffected full siblings. The
risk elevation was most pronounced for mortality due to
unnatural causes (especially suicide) and potentially
avoidable (treatable or preventable) causes, both imme-
diately after diagnosis and in the long run. The limited
differences in results between the population and sib-
ling-based comparisons add novel evidence to suggest
that the excess mortality in relation to stress-related dis-
orders is unlikely attributable to familial confounding.

Implications of all evidence available

These findings underscore the importance of clinical
surveillance and, when needed, intervention programs
among individuals with stress-related disorders, with
the ultimate goal of preventing premature death.
Introduction
Stress-related disorders refer to a group of psychiatric
disorders, including post-traumatic stress disorder
(PTSD), acute stress reaction, and adjustment disorder
and other stress reactions, subsequent to traumatic or
stressful life events.1,2 Specifically, PTSD and acute
stress reaction result from a life-threatening trauma (e.
g., combat, natural disaster, and life-threatening dis-
eases). While PTSD stands for a long-lasting and seri-
ous psychiatric reaction characterized by re-
experiencing, avoidance, negative cognitions and mood,
and hyperarousal, acute stress reaction demonstrates
similar symptoms but in a transient form.3 Adjustment
disorder is usually triggered by other stressful life events
(i.e., an identifiable and stressful life change, such as
divorce and job loss),1 demonstrating overlapping symp-
toms and physiological dysfunction with PTSD and
acute stress reaction.4,5 Growing evidence suggests that
individuals with stress-related disorders have elevated
risks of psychiatric comorbidities,2 less healthy lifestyles
(e.g., smoking,6 poor diet,7 and lack of physical
activity),6,8 and multiple somatic diseases (e.g., cardio-
vascular disease,9 life-threatening infection,10 autoim-
mune disease,11 and neurodegenerative disease).12

Although all these adverse health conditions have been
shown to be associated with premature death,13−15

whether there is excess mortality associated with stress-
related disorders remains less explored.

Prior studies, focusing on PTSD16−20 and US mili-
tary veterans,17−20 have indicated a possible deleterious
role of stress-related disorders on mortality. More
recently, a Danish register-based study reported a
higher risk of all-cause mortality and suicide after diag-
nosis of severe stress or adjustment disorders.21 Besides
studying stress-related disorders directly, psychiatric
comorbidities of stress-related disorders (e.g., depres-
sion22 and substance use disorder23) have also been sug-
gested to be associated with even greater risk of
mortality. As genome-wide association studies (GWAS)
have identified genetic variants for the susceptibility to
both stress-related disorders24 and mortality,25 it is pos-
sible that a shared genetic predisposition to both traits
may contribute to the observed associations. Further, an
association between stress-related disorders and mortal-
ity might also be attributed to non-genetic factors that
cluster within a family, such as early environmental
exposures,26 parenting style,27 and lifestyle.28 Regard-
less, no study has to our knowledge addressed the role
of familial confounding due to shared genetic or non-
genetic factors on the association of stress-related disor-
ders with all-cause as well as cause-specific mortality.

To this end, leveraging the nationwide population
and health registers in Sweden, we conducted a popula-
tion-based and sibling-controlled cohort study to assess
the association of stress-related disorders with all-cause
and cause-specific mortality. We hypothesized that
patients with stress-related disorders were at increased
risk of all-cause and multiple cause-specific mortality,
compared with individuals of the same age and sex who
www.thelancet.com Vol 18 Month July, 2022
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had no stress-related disorders as well as their unaf-
fected full siblings, and that the risk elevation was inde-
pendent of familial confounding. Given the growing
burden of stress-related disorders in the context of the
current coronavirus disease 2019 (COVID-19) pan-
demic29 and great public health importance of mortal-
ity, such analysis may provide essential information for
interventions targeted to reduce the risk of premature
mortality among traumatized individuals.

Methods

Study design
We first identified 8,753,501 individuals who were born
during 1932−2011 in Sweden, according to the Swedish
Total Population Register. Using the unique personal
identification numbers assigned to all Swedish resi-
dents, these individuals were cross-linked to the Swed-
ish National Patient Register, Cause of Death Register,
Migration Register, and Multi-Generation Register, to
retrieve health and family information. The National
Patient Register was established in 1964 and has a
nationwide coverage on inpatient care since 1987 (86%
of all psychiatric inpatient care since 1981) and included
more than 80% of specialist-based outpatient care since
2001.30 Through this register, we identified 190,068
patients who received their first diagnosis of stress-
related disorders between January 1st 1981 and Decem-
ber 31st 2016 (i.e., exposed group) (Figure 1). We
excluded patients with a diagnosis of stress-related dis-
orders under age five31 (N=287) or conflicting informa-
tion (died or emigrated before diagnosis) (N=24),
leaving 189,757 exposed patients for further analyses.
Up to 10 unexposed individuals who were free of stress-
related disorders at the diagnosis date of the exposed
patient (i.e., the index date for both exposed and
matched unexposed individuals) were then randomly
selected from the study base for each exposed patient,
using the method of incidence density sampling.32 The
unexposed individuals were individually matched to the
exposed patient by birth year and sex. In this popula-
tion-based matched cohort, we included a total of
1,896,352 unexposed individuals.

To control for familial confounding, we also con-
structed a sibling cohort. We identified all clusters of
full siblings (i.e., with the same biological father and
mother) who were discordant for stress-related disor-
ders through the Multi-Generation Register. The unaf-
fected siblings were defined as siblings who were free of
stress-related disorders at the diagnosis date of their
affected sibling (i.e., the index date for both affected and
unaffected full siblings). This sibling cohort included
116,343 exposed patients and their 207,479 unaffected
full siblings (Figure 1).

This study was approved by the Regional Ethical
Review Board in Stockholm, Sweden. The requirement
for informed consent was waived by this approval.
www.thelancet.com Vol 18 Month July, 2022
Follow-up of the cohorts
All individuals of the population-based matched cohort
and the sibling cohort were followed from the index
date until death, emigration, or the end of follow-up
(December 31, 2016), whichever occurred first. The fol-
low-up of the matched unexposed individuals and unaf-
fected full siblings were additionally censored at the
time of their diagnosis of stress-related disorders, if any,
during the follow-up.
Ascertainment of stress-related disorders
We ascertained the occurrence of a first inpatient or out-
patient hospital visit with a stress-related disorder as the
primary diagnosis in the National Patient Register,
according to the 8th, 9th, or 10th Swedish revisions of
the International Classification of Diseases (ICD) codes
307 (ICD-8), 308 or 309 (ICD-9), and F43 (ICD-10)
(Supplementary Table 1). Stress-related disorders were
then classified as PTSD (ICD-9: 309B; ICD-10: F43.1),
acute stress reaction (ICD-9: 308, 309A; ICD-10: F43.0),
and adjustment disorder and other stress reactions
(ICD-9: 309X, 309B; ICD-10: F43.2, F43.8, F43.9).
Because other stress-related disorders, especially acute
stress reaction, might be a precursor of subsequent
PTSD,33 all patients who received a PTSD diagnosis
within one year after their first stress-related disorder
diagnosis were counted as PTSD patients.
All-cause mortality and cause-specific mortality
All-cause mortality and cause-specific mortality were
defined as any death and death from a specific underly-
ing cause of death in the Cause of Death Register, respec-
tively. The Cause of Death Register provides information
on the underlying as well as contributory causes of all
deaths in Sweden, as well as deaths of Swedish residents
that died aboard, since 1952. Specifically, we categorized
cause-specific mortality as mortality due to natural or
unnatural causes (Supplementary Table 1). Mortality due
to natural causes was further classified as deaths due to
infection, cancer, endocrine, nutritional and metabolic
diseases, mental and behavioral disorders, diseases of
nervous system, diseases of circulatory system, diseases
of respiratory system, and diseases of digestive system.
Mortality due to unnatural causes was classified as sui-
cide (intentional self-harm and events of undetermined
intent) and deaths due to other external causes (e.g., acci-
dents, fall, and assaults). We also defined potentially
avoidable deaths which are considered to be treatable (i.
e., through good-quality health care) or preventable (i.e.,
through public health intervention), based on the defini-
tion of the Office for National Statistics, UK34 (Supple-
mentary Table 1).
Covariates
We extracted information on the highest educational
level, yearly family income level, and marital status
3
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from the Swedish Longitudinal Integration Database for
Health Insurance and Labour Market study database.
Based on diagnoses in the National Patient Register, we
calculated a Charlson Comorbidity Index35 (CCI) score,
as a measure of disease burden due to pre-existing
somatic diseases. We used the most updated informa-
tion before the index date for these covariates. As stress-
related disorders commonly co-occur with other psychi-
atric disorders,2 we also obtained information on
Characteristics Population-ba

Exposed patients

No. of participants 189,757

Age at entry, mean (SD), years 37.33 (14.56)

Sex, No. (%)

Male 71,750 (37.81)

Female 118,007 (62.19)

Educational level, No. (%), years

<9 7,061 (3.72)

9-12 126,965 (66.91)

>12 47,691 (25.13)

Unknown 8,040 (4.24)

Marital status, No. (%)

Single 101,139 (53.30)

Married or cohabiting 46,510 (24.51)

Divorced or widowed 35,122 (18.51)

Unknown 6,986 (3.68)

Yearly family income level, No. (%)

Lowest 20% 62,057 (32.70)

Middle 98,373 (51.84)

Top 20% 22,991 (12.12)

Unknown 6,336 (3.34)

Charlson Comorbidity Index, No. (%)

0 145,486 (76.67)

1 29,170 (15.37)

≥2 15,101 (7.96)

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

PTSD 14,521 (7.65)

Acute stress reaction 81,948 (43.19)

Adjustment disorder and other stress reactions 93,288 (49.16)

History of other psychiatric disordersa, No. (%)

Yes 73,602 (38.79)

No 116,155 (61.21)

Psychiatric comorbidityb, No. (%)

Yes 40,001 (21.08)

No 149,756 (78.92)

Follow-up time, mean (SD), years 9.15 (7.75)

Number of deaths (mortalityc) 13,812 (7.95)

Table 1: Baseline characteristics and follow-up data of study participan
a History of other psychiatric disorders was defined as the first diagnosis of an

the index date.
b Psychiatric comorbidity was defined as the first diagnosis of any psychiatric

after diagnosis of stress-related disorders.
c Per 1,000 person-years, unadjusted.
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diagnoses of other psychiatric disorders from the
National Patient Register. We defined such diagnoses
received more than three months before the index date
as history of other psychiatric disorders (for exposed
patients, matched unexposed individuals, and unaf-
fected full siblings), while those received from three
months before to one year after the index date as psychi-
atric comorbidity (for exposed patients only). The ICD
codes used are listed in Supplementary Table 1.
sed matched cohort Sibling cohort

Matched unexposed
individuals

Exposed patients Unaffected full
siblings

1,896,352 116,343 207,479

37.33 (14.56) 37.55 (14.13) 38.67 (15.28)

717,136 (37.82) 44,115 (37.92) 106,138 (51.16)

1,179,216 (62.18) 72,228 (62.08) 101,341 (48.84)

65,455 (3.45) 4,099 (3.52) 12,138 (5.85)

1,141,889 (60.22) 77,402 (66.53) 133,356 (64.27)

625,442 (32.98) 30,800 (26.47) 52,488 (26.26)

63,566 (3.35) 4,042 (3.48) 7,497 (3.62)

998,289 (52.64) 61,609 (52.95) 99,255 (47.84)

667,338 (35.19) 29,796 (25.61) 75,113 (36.20)

170,749 (9.00) 21,337 (18.34) 23,249 (11.21)

59,976 (3.17) 3,601 (3.10) 9,862 (4.75)

343,459 (18.11) 29,424 (25.29) 33,554 (16.17)

1,118,046 (58.96) 64,105 (55.10) 124,633 (60.07)

382,371 (20.16) 19,566 (16.82) 43,337 (20.89)

52,476 (2.77) 3,248 (2.79) 5,955 (2.87)

1,604,120 (84.59) 90,313 (77.63) 169,965 (81.92)

204,475 (10.78) 17,115 (14.71) 26,018 (12.54)

87,757 (4.63) 8,915 (7.66) 11,496 (5.54)

- 8,376 (7.20) -

- 50,127 (43.09) -

- 57,840 (49.72) -

177,663 (9.37) 43,330 (37.24) 28,767 (13.87)

1,718,689 (90.63) 73,013 (62.76) 178,712 (86.13)

- 24,935 (21.43) -

- 91,408 (78.57) -

9.45 (7.97) 9.30 (7.79) 10.04 (8.25)

55,761 (3.11) 7,825 (7.23) 8,898 (4.27)

ts.
y psychiatric disorders, other than stress-related disorders, >3 months before

disorders, other than stress-related disorders, from 3 months before to 1 year

5
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Statistical analysis
As the elevation of mortality following a diagnosis of
stress-related disorders may be time-dependent,17 we
first visualized the association of stress-related disorders
with all-cause mortality by time since diagnosis using
flexible parametric models. Because of the pronounced
risk elevation during the first year after diagnosis (Sup-
plementary Fig. 1), we assessed the relative risk of all-
cause and cause-specific mortality within the first year
(i.e., as one period, as well as during first month, 2-3
months, 4-6 months, and 7-11 months) and beyond the
first year after a diagnosis of stress-related disorders sep-
arately, using hazard ratios (HRs) derived from Cox
model. The proportional hazard assumptions for Cox
models were tested graphically and by Schoenfeld resid-
uals, and no obvious violation of this assumption was
observed.

In the population-based matched cohort, we strati-
fied all analyses by the matching identifiers (birth year
and sex), with partial (models 1-3) or full (model 4)
adjustment for the highest educational level (<9 years,
9-12 years, >12 years, or unknown), yearly family
income level (top 20%, middle, lowest 20%, or
unknown), marital status (single, married/cohabiting,
divorced/widowed, or unknown), CCI score, and history
of other psychiatric disorders (yes or no). The missing
data of covariates (e.g., educational level) were marked
as unknown. These variables were then included in the
Cox models as nominal variables. The analyses were
first performed for any stress-related disorder and then
for PTSD, acute stress reaction, and adjustment disor-
der and other stress reactions separately. In addition to
all-cause mortality, we estimated HRs for cause-specific
mortality and potentially avoidable mortality separately.

In the sibling cohort, we repeated the main analyses
using Cox models stratified by family identifiers after
adjustment for birth year, sex, and all covariates.

In stratification analyses, HRs were calculated sepa-
rately by sex, age at cohort entry (by tertile distribution:

≤28 years, 29-42 years, or ≥43 years), calendar year at

cohort entry (1981-1996, 1997-2006, or 2007-2016),

the highest educational level (<9 years, 9-12 years, or

>12 years), CCI score (0, 1, or ≥2), and history of other

psychiatric disorders (yes or no). The difference between

HRs was assessed by introducing an interaction term to

the Cox models. We further analyzed the exposed

patients with or without psychiatric comorbidity (any

other psychiatric disorder, depression, anxiety, and sub-

stance use disorders), as well as by the type (inpatient or

outpatient) and intensity (<2 times or ≥2 times) of psy-

chiatric care received within one year after diagnosis.

Wald test was used to examine the difference of HRs

between groups.
To account for the impact of competing risk in the

analysis of cause-specific mortality (i.e., deaths from
other causes removed individuals from being at risk of
death due to the specific cause of interest), we estimated
the relative risk of cause-specific mortality and poten-
tially avoidable mortality by sub-hazard ratios (SHRs)
based on the modified Cox model developed by Fine
and Gray.36 Finally, we assessed residual confounding
not accounted for by multivariable analysis and sibling
comparison, using the E values based on the method of
Vanderweele,37 to assess the minimum strength of
unmeasured confounding required to explain the
observed effect estimates.

All analyses were conducted in SAS statistical soft-
ware version 9.4 (SAS Institute, Cary, NC) and Stata
15.1 (STATA, College Station, TX). A 2-sided P<0.05
was considered statistically significant.
Role of the funding source
The funders had no role in the study design, data collec-
tion, data analysis, data interpretation, or writing of the
manuscript. The corresponding author had full access
to all the data in the study and had final responsibility
for the decision to submit for publication.
Results
With a total of 19,653,565 accumulated person-years in
the population-based matched cohort, the mean follow-
up time was 9.15 (standard deviation [SD], 7.75) and
9.45 (SD, 7.97) years for exposed and unexposed indi-
viduals, respectively (Table 1). The mean age at diagno-
sis of stress-related disorders was 37.33 (SD, 14.56) years
and 37.81% of the exposed patients were male. Com-
pared with matched unexposed individuals, individuals
with stress-related disorders were more likely to be
divorced or widowed (18.51% vs 9.00%) and had lower
family income level (lowest 20%, 32.70% vs 18.11%) but
higher burden of somatic diseases (CCI score ≥1,
23.33% vs 15.41%) and history of other psychiatric disor-
ders (38.79% vs 9.37%). In the sibling cohort, the mean
follow-up time was 9.30 (SD, 7.79) and 10.04 (SD, 8.25)
years for exposed patients and their unaffected full sib-
lings, respectively. We observed similar discrepancies
regarding these characteristics between exposed
patients and their unaffected full siblings, although the
differences were smaller than those of the population-
based comparison (Table 1).
All-cause mortality
During follow-up of the population-based matched
cohort, 13,812 and 55,761 deaths were identified among
the exposed and unexposed individuals (crude mortality
rate, 7.95 and 3.11 per 1,000 person-years, respectively).
According to the flexible parametric model, the most
pronounced risk elevation of all-cause mortality was
observed immediately after diagnosis of a stress-related
disorder, followed by a rapid decline within the first
year of follow-up (Supplementary Fig. 1). The
www.thelancet.com Vol 18 Month July, 2022



Model information Population-based matched cohort Sibling cohort

No. of deaths (mortalitya) in
exposed/unexposed individuals

HR (95% CI) No. of deaths (mortalitya) in
exposed/unexposed individuals

HR (95% CI)

≤1 year of follow-up

Model 1: adjusted for birth year, sex 2,023 (10.74)/3,305 (1.75) 6.22 (5.88-6.57) 1,123 (9.72)/492 (2.38) 4.83 (4.28-5.44)

Model 2: Model 1 + educational level,

yearly family income level, marital

status

4.61 (4.21-5.05) 3.84 (3.17-4.65)

Model 3: Model 2 + Charlson comor-

bidity index

4.15 (3.75-4.58) 3.81 (3.07-4.72)

Model 4: Model 3 + history of other

psychiatric disorders

3.19 (2.87-3.54) 3.21 (2.56-4.02)

Subtypes of stress-related disordersb

PTSD 83 (5.74)/196 (1.36) 2.78 (1.68-4.61) 46 (5.51)/24 (1.64) 5.21 (0.34-80.36)

Acute stress reaction 1,040 (12.81)/1,539 (1.89) 3.53 (3.06-4.10) 589 (11.85)/225 (2.52) 3.52 (2.57-4.83)

Adjustment disorder and other stress

reactions

900 (9.71)/1,570 (1.69) 2.90 (2.48-3.40) 488 (8.49)/243 (2.37) 2.93 (2.09-4.13)

>1 year of follow-up

Model 1: adjusted for birth year, sex 11,789 (7.58)/50,835 (3.20) 2.54 (2.49-2.59) 6,672 (6.90)/8,229 (4.42) 2.07 (1.99-2.15)

Model 2: Model 1 + educational level,

yearly family income level, marital

status

2.20 (2.16-2.25) 1.90 (1.83-1.98)

Model 3: Model 2 + Charlson comor-

bidity index

2.05 (2.00-2.09) 1.82 (1.75-1.90)

Model 4: Model 3 + history of other

psychiatric disorders

1.64 (1.60-1.67) 1.61 (1.54-1.68)

Subtypes of stress-related disordersb

PTSD 633 (6.69)/2,567 (2.68) 1.63 (1.48-1.81) 353 (6.12)/463 (4.27) 1.45 (1.21-1.75)

Acute stress reaction 5,119 (7.84)/20,952 (3.15) 1.67 (1.62-1.74) 2,947 (7.28)/3,506 (4.49) 1.64 (1.54-1.75)

Adjustment disorder and other stress

reactions

6,037 (7.47)/27,316 (3.31) 1.61 (1.56-1.66) 3,372 (6.68)/4,260 (4.38) 1.61 (1.52-1.70)

Table 2: Hazard ratios (HRs) with 95% confidence intervals (CIs) for all-cause mortality among patients with stress-related disorders,
compared to their matched unexposed individuals or unaffected full siblings, during or beyond the first year of follow-up.

a Per 1,000 person-years, unadjusted.
b HRs were derived from fully adjusted models (i.e., Model 4).
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magnitude of association was stabilized after the first
year and remained statistically significant over the
entire follow-up. This was consistent with the risk pat-
tern revealed by the fully adjusted Cox models (Table 2
and Supplementary Table 2). Compared with unex-
posed individuals, patients with stress-related disorders
were at 3-fold risk of all-cause mortality within the first
year of follow-up (HR, 3.19 [95% CI, 2.87-3.54]) which
decreased rapidly with time (HR, 6.04 [95% CI, 2.50-
14.59] for the first month, 4.04 [95% CI, 2.76-5.92] for
2-3 months, 3.87 [95% CI, 3.03-4.94] for 4-6 months,
and 2.85 [95% CI, 2.51-3.24] for 7-11 months), and 1.6-
fold risk thereafter (HR, 1.64 [95% CI, 1.60-1.67]). In
the sibling cohort, 7,825 and 8,898 deaths were identi-
fied among the exposed patients and their unaffected
full siblings, respectively, corresponding to a crude mor-
tality rate of 7.23 and 4.27 per 1,000 person-years. A
www.thelancet.com Vol 18 Month July, 2022
similar temporal pattern of the association was illus-
trated by flexible parametric model as well as Cox mod-
els stratified by follow-up period (Supplementary Fig. 1).
The HRs derived from fully adjusted Cox models were
3.21 (95% CI, 2.56-4.02) for the first year of follow-up
and 1.61 (95% CI, 1.54-1.68) thereafter (Table 2).

In both cohorts, we found similar results for all diag-
noses of stress-related disorders (Table 2), while the
association was somehow stronger for acute stress reac-
tion, compared with PTSD and adjustment disorder
and other stress reactions, within the first year of fol-
low-up. The stratification analyses indicated that the
association between stress-related disorders and all-
cause mortality was greater among males (compared
with females), younger individuals (compared with
older individuals), and individuals with higher educa-
tional level (compared with individuals with lower
7



Characteristics Any stress-related disorder PTSD Acute stress reaction Adjustment disorder and other stress reactions

No. of deaths (mortalityb)
in exposed/unexposed
individuals

HR (95% CI) No. of deaths
(mortalityb) in
exposed/unexposed
individuals

HR (95% CI) No. of deaths
(mortalityb) in
exposed/unexposed
individuals

HR (95% CI) No. of deaths
(mortalityb) in
exposed/unexposed
individuals

HR (95% CI)

Overall 13,812 (7.95)/

55,761 (3.11)

1.70

(1.67-1.74)

716 (6.61)/

2,834 (2.57)

1.68

(1.52-1.85)

6,159 (8.42)/

23,221 (3.08)

1.76

(1.70-1.82)

6,937 (7.74)/

29,706 (3.21)

1.66

(1.61-1.71)

Sex

Male 7,241 (10.87)/

28,299 (4.02)

1.76

(1.71-1.81)

312 (9.72)/

1,298 (3.90)

1.65

(1.43-1.91)

3,383 (11.15)/

12,257 (3.83)

1.82

(1.74-1.91)

3,546 (10.73)/

14,744 (4.21)

1.71

(1.64-1.79)

Female 6,571 (6.14)/

27,462 (2.52)

1.65

(1.60-1.71)

404 (5.30)/

1,536 (1.99)

1.71

(1.49-1.95)

2,776 (6.48)/

10,964 (2.52)

1.71

(1.62-1.79)

3,391 (5.99)/

14,962 (2.60)

1.61

(1.54-1.68)

Pinteraction
c <0.001

Age at cohort entry, years

≤28 1,818 (2.95)/

3,386 (0.55)

3.47

(3.24-3.72)

123 (2.70)/

183 (0.40)

4.01

(2.99-5.39)

762 (2.98)/

1,247 (0.49)

3.66

(3.28-4.08)

933 (2.97)/

1,956 (0.62)

3.31

(3.02-3.63)

29-42 3,718 (6.20)/

11,602 (1.87)

1.96

(1.87-2.05)

183 (5.46)/

533 (1.56)

1.96

(1.58-2.42)

1,555 (6.09)/

4,236 (1.61)

2.07

(1.93-2.23)

1,980 (6.36)/

6,833 (2.12)

1.88

(1.77-2.00)

≥43 8,276 (15.88)/

40,773 (7.35)

1.42

(1.39-1.47)

410 (13.98)/

2,118 (6.86)

1.35

(1.20-1.53)

3,842 (17.42)/

17,738 (7.52)

1.49

(1.43-1.55)

4,024 (14.83)/

20,917 (7.27)

1.38

(1.32-1.43)

Pinteraction
c <0.001

Calendar year at cohort entry

1981-1996 5,903 (9.76)/

25,017 (3.88)

1.78

(1.72-1.84)

339 (10.42)/

1,512 (4.38)

1.70

(1.48-1.95)

2,250 (9.69)/

9,453 (3.84)

1.74

(1.64-1.83)

3,314 (9.75)/

14,052 (3.86)

1.83

(1.75-1.91)

1997-2006 4,368 (7.12)/

18,275 (2.92)

1.62

(1.56-1.69)

186 (5.95)/

638 (2.02)

1.88

(1.53-2.29)

2,055 (7.52)/

8,105 (2.89)

1.67

(1.58-1.77)

2,127 (6.89)/

9,532 (3.04)

1.56

(1.47-1.64)

2007-2016 3,541 (6.83)/

12,469 (2.39)

1.71

(1.64-1.80)

191 (4.29)/

684 (1.54)

1.48

(1.21-1.82)

1,854 (8.20)/

5,663 (2.48)

1.98

(1.85-2.11)

1,496 (6.03)/

6,122 (2.46)

1.49

(1.39-1.60)

Pinteraction
c 0.10

Educational level, years

<9 1,953 (21.55)/

11,845 (13.26)

1.25

(1.17-1.34)

116 (19.40)/

674 (12.45)

1.42

(1.07-1.87)

966 (22.54)/

5,492 (13.53)

1.31

(1.18-1.45)

871 (20.85)/

5,679 (13.10)

1.18

(1.06-1.30)

9-12 7,390 (6.40)/

27,937 (2.64)

1.78

(1.72-1.84)

435 (5.50)/

1,538 (2.20)

1.81

(1.57-2.08)

3,607 (6.73)/

12,811 (2.65)

1.85

(1.76-1.94)

3,348 (6.20)/

13,588 (2.69)

1.71

(1.63-1.79)

>12 1,864 (5.31)/

8,379 (1.67)

1.94

(1.80-2.10)

97 (4.65)/

454 (1.36)

1.78

(1.25-2.53)

832 (5.76)/

3,726 (1.66)

2.09

(1.86-2.35)

935 (5.04)/

4,199 (1.73)

1.83

(1.65-2.04)

Pinteraction
c <0.001

Table 3 (Continued)
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Characteristics Any stress-related disorder PTSD Acute stress reaction Adjustment disorder and other stress reactions

No. of deaths (mortalityb)
in exposed/unexposed
individuals

HR (95% CI) No. of deaths
(mortalityb) in
exposed/unexposed
individuals

HR (95% CI) No. of deaths
(mortalityb) in
exposed/unexposed
individuals

HR (95% CI) No. of deaths
(mortalityb) in
exposed/unexposed
individuals

HR (95% CI)

Charlson Comorbidity Index

0 8,300 (6.02)/

37,417 (2.40)

1.84

(1.79-1.89)

448 (5.28)/

1,929 (2.00)

1.86

(1.64-2.11)

3,627 (6.27)/

15,094 (2.31)

1.89

(1.81-1.98)

4,225 (5.91)/

20,394 (2.52)

1.80

(1.73-1.87)

1 2,324 (9.35)/

7,711 (4.56)

1.52

(1.38-1.67)

129 (7.81)/

404 (3.81)

1.45

(0.94-2.23)

1,067 (9.97)/

3,385 (4.57)

1.76

(1.53-2.03)

1,128 (9.01)/

3,922 (4.65)

1.34

(1.17-1.53)

≥2 3,188 (29.08)/

10,633 (16.59)

1.36

(1.25-1.47)

139 (20.12)/

501 (14.36)

1.53

(1.05-2.24)

1,465 (31.61)/

4,742 (17.14)

1.36

(1.21-1.54)

1,584 (28.09)/

5,390 (16.37)

1.34

(1.19-1.50)

Pinteraction
c <0.001

History of other psychiatric disordersd

Yes 6,526 (12.08)/

9,765 (8.96)

1.23

(1.16-1.30)

361 (7.99)/

483 (6.27)

1.33

(1.05-1.68)

3,023 (13.39)/

4,342 (9.10)

1.31

(1.20-1.42)

3,142 (11.66)/

4,940 (9.22)

1.13

(1.04-1.24)

No 7,286 (6.09)/

45,996 (2.73)

1.99

(1.94-2.05)

355 (5.63)/

2,351 (2.29)

1.91

(1.68-2.17)

3,136 (6.20)/

18,879 (2.67)

2.06

(1.97-2.15)

3,795 (6.05)/

24,766 (2.84)

1.95

(1.88-2.03)

Pinteraction
c <0.001

Table 3: Hazard ratios (HRs)
a

and 95% confidence intervals (CIs) for all-cause mortality among patients with stress-related disorders, compared to their matched unexposed individuals, during the
entire follow-up and by different characteristics.

a Derived from Cox models, stratified by matching identifiers (birth year and sex) and adjusted for educational level, yearly family income level, marital status, Charlson comorbidity index, and history of other psychiatric

disorders.
b Per 1,000 person-years, unadjusted.
c The difference between HRs was assessed by introducing an interaction term to the Cox models.
d The first diagnosis of any psychiatric disorder (other than stress-related disorders) >3 months before index date.
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educational level) (all P for interaction <0.05; Table 3
and Supplementary Table 3). We also observed a stron-
ger association among individuals with lower CCI score
(compared with individuals with higher CCI score), and
individuals without a history of other psychiatric disor-
ders (compared with individuals with such a history)
(both P for interaction <0.05).
Cause-specific mortality
In the population-based matched cohort, the most com-
mon causes of death among the exposed individuals
were cancer (3,306 deaths [23.94%]), circulatory disease
(2,775 deaths [20.09%]), and suicide (2,657 deaths
[19.24%]) (Supplementary Table 4). The percentage of
deaths attributed to potentially avoidable causes was
higher among exposed individuals, compared with their
matched unexposed individuals (68.46% vs 67.87% for
≤1 year and 72.23% vs 65.70% for >1 year of follow-up).
The leading cause of potentially avoidable mortality was
suicide among the exposed individuals (Supplementary
Table 5).

During the first year of follow-up, the HR was 8.94
(95% CI, 7.24-11.04) for deaths due to unnatural causes,
especially suicide (HR, 17.70 [95% CI, 13.41-23.36])
(Figure 2). A higher mortality due to natural causes was
also observed during the first year of follow-up (HR,
1.72 [95% CI, 1.50-1.98]), especially infection (HR, 4.29
[95% CI, 1.65-11.16]) and cancer (HR, 2.48 [95% CI,
1.98-3.09]). During the first year of follow-up, an excess
risk was also noted for potentially avoidable mortality
(HR, 3.19 [95% CI, 2.81-3.62]), especially preventable
mortality (HR, 4.10 [95% CI, 3.53-4.76]). Beyond one
year of follow-up, the HRs attenuated for almost all
studied cause-specific mortality, ranging from 1.18
(95% CI, 1.13-1.23) for cancer to 5.51 (95% CI, 5.14-5.91)
for suicide.

In the sibling cohort, we found largely similar
results, indicating higher HRs for mortality due to
unnatural causes (HR, 6.91 [95% CI, 4.45-10.71] for ≤1
year and HR, 2.86 [95% CI, 2.60-3.15] for >1 year of fol-
low-up) than mortality due to natural causes (HR, 1.58
[95% CI, 1.15-2.17] for ≤1 year and HR, 1.35 [95% CI,
1.28-1.41] for >1 year of follow-up), among individuals
with stress-related disorders (Figure 2). An excess risk
of potentially avoidable mortality was also observed
(HR, 3.17 [95% CI, 2.44-4.12] for ≤1 year and HR, 1.69
[95% CI, 1.61-1.78] for >1 year of follow-up).
Secondary analyses
In both the population-based matched cohort and sib-
ling cohort, we observed greater risk increase of all-
cause mortality among the exposed individuals with the
severe form of stress-related disorders, indicated by the
presence of psychiatric comorbidities (i.e., HR, 2.83
[95% CI, 2.70-2.97] vs HR, 1.48 [95% CI, 1.45-1.52] for
stress-related disorders with or without psychiatric
comorbidities in the population-based comparison; HR,
2.66 [95% CI, 2.42-2.92] vs HR, 1.44 [95% CI, 1.37-1.51]
for stress-related disorders with or without psychiatric
comorbidities in the sibling comparison), admission to
inpatient care (HR, 1.86 [95% CI, 1.81-1.91] vs HR, 1.44
[95% CI, 1.38-1.50] for stress-related disorders with or
without inpatient care in the population-based compari-
son; HR, 1.79 [95% CI, 1.70-1.88] vs HR, 1.41 [95% CI,
1.31-1.52] for stress-related disorders with or without
inpatient care in the sibling comparison), or more fre-
quent inpatient visits within one year after diagnosis
(HR, 2.18 [95% CI, 2.03-2.34] vs HR, 1.82 [95% CI, 1.76-
1.87] for stress-related disorders with ≥2 times or
<2 times inpatient visits in the population-based com-
parison; HR, 2.14 [95% CI, 1.88-2.43] vs HR, 1.73 [95%
CI, 1.64-1.83] for stress-related disorders with ≥2 times
or <2 times inpatient visits in the sibling comparison;
Supplementary Table 6). The relative risk assessed by
SHRs were similar, although slightly weaker, compared
with the HRs of the main analyses (Supplementary Fig.
2). Finally, the calculation of E values revealed that a
minimal magnitude of 2 to 17-fold increased risk of
mortality was required to be associated with any unmea-
sured confounder to entirely explain the observed asso-
ciations (Supplementary Table 7).
Discussion
In this Swedish population-based and sibling-controlled
cohort study, we found that individuals with stress-
related disorders were at increased risk of all-cause as
well as multiple cause-specific mortality, especially dur-
ing the first year following the diagnosis of stress-
related disorders. The risk elevation was more evident
for deaths due to unnatural causes (e.g., suicide), com-
pared with deaths due to natural causes, after taking
into account familial confounding, history of other psy-
chiatric disorders, and multiple somatic comorbidities.
Further, the excess mortality in relation to stress-related
disorders was largely attributable to potentially avoid-
able causes.

To the best of our knowledge, the present study is
the first large-scale endeavor to comprehensively exam-
ine the associations of all stress-related disorders with
all-cause and cause-specific mortality using both popula-
tion- and sibling-based comparisons. In line with the
present findings, results of previous prospective cohort
studies16,19,21 have demonstrated an association of
PTSD or other stress-related disorders with a higher
risk of all-cause mortality, suicide, and death due to car-
diovascular disease (CVD). Our study expands the exist-
ing knowledge by showing that the excess mortality was
especially pronounced for unnatural death and death
with potentially avoidable cause, both immediately after
the diagnosis of stress-related disorders and in the long
run. Importantly, we found that about 70% of the
deaths were potentially avoidable (i.e., attributable to
www.thelancet.com Vol 18 Month July, 2022



Figure 2. Risk of cause-specific mortality and potentially avoidable mortality among patients with stress-related disorders, compared to their matched unexposed individuals or unaffected
full siblings.

aPer 1,000 person-years, unadjusted.
bIn the population-based matched cohort, HRs were derived from Cox models, stratified by matching identifiers (birth year and sex) and adjusted for educational level, yearly family

income level, marital status, Charlson comorbidity index, and history of other psychiatric disorders. In the sibling cohort, HRs were derived from Cox models, stratified by family identifiers
and adjusted for birth year, sex, educational level, yearly family income level, marital status, Charlson comorbidity index, and history of other psychiatric disorders.

cSuicide includes deaths from intentional self-harm, and events of undetermined intent.
dOther external causes include accidents, fall, assaults, and other external causes.
ePotentially avoidable mortality refers to deaths that are considered treatable or preventable. Treatable mortality refers to deaths that are treatable through timely and effective health-

care interventions. Preventable mortality refers to deaths that can be reduced through effective public health and primary prevention interventions. A
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treatable or preventable causes), with suicide as the lead-
ing cause. Further, although a few previous studies on
the association between stress-related disorders and
CVD mortality have considered family history of CVD
among veterans,38,39 the influence of other familial con-
founding has rarely been addressed. In contrast to the
previous studies,16,19,21,38,39 we therefore used a sibling
comparison to account for potential confounding due to
genetic and non-genetic factors shared between full sib-
lings. Importantly, our finding of similar results
between population-based comparison and sibling com-
parison indicates that the excess mortality associated
with stress-related disorders is likely largely indepen-
dent of familial confounding. Moreover, the greater
magnitude of the associations noted among individuals
with no history of other psychiatric disorders, males,
and younger individuals suggests that the relative
importance of stress-related disorders on mortality
varies by patient characteristics.

Our finding of the time-dependent relative risk of all-
cause mortality indicates that the first year after diagno-
sis of stress-related disorders entails the highest excess
risk period among individuals diagnosed with stress-
related disorders. This is consistent with previous stud-
ies reporting the most pronounced risk elevation of sui-
cide immediately after receiving a positive result on
PTSD among US veterans.17 Our results extend previ-
ous literature by showing similar decreasing trend of
excess mortality across siblings discordant on all sub-
types of stress-related disorders. Notably, acute stress
reaction was associated with comparable or even greater
risk of all-cause mortality, compared with PTSD and
adjustment disorder, within the first year of follow-up,
supporting the notion that acute and severe psychologi-
cal symptoms after exposure to a traumatic event might
lead to an immediately increased risk of death such as
suicide.23

Furthermore, as the risk elevation of natural and
unnatural causes of death was sustained beyond one
year, the impact of stress-related disorders on mortality
seems to be long-lasting. There are likely multiple
explanations. First, the increased susceptibilities of indi-
viduals with stress-related disorders to other psychiatric
disorders,21 including depression, anxiety, and sub-
stance use disorders, are known risk factors for unnatu-
ral death and suicide.40 This is supported by our
findings as well as previous research,22 indicating that
co-occurring stress-related disorders with other psychi-
atric disorders might reflect more severe psychological
stress than stress-related disorder alone, potentially
inducing a greater risk of mortality. Second, chronic
psychological distress of individuals with stress-related
disorders may lead to dysregulation of immune
responses5 and chronic inflammation,41 which, in
return, may cause elevated risks of several chronic and
fatal diseases, such as CVD,9 life-threatening infec-
tion,10 and autoimmune disease.11 Third, negative
behavioral changes as a result of maladaptation to
trauma or stressful events, such as misuse of alcohol or
illicit drugs,42 may compromise executive function and
capacity of decision making, putting the patients in dan-
gerous situations or leading to impaired capacity to
identify and react appropriately to potential threats,
which may consequently increase the risk of mortality
due to unnatural causes. Likewise, other unfavorable
behaviors (e.g., smoking,6 poor diet,7 and lack of physi-
cal activity6,8) may contribute to increased incidence of
natural death through elevating the risks of multiple
major chronic diseases. Last, it is possible that subopti-
mal access to health care,31 health-seeking behavior,43

and poor compliance to treatment8 among exposed
patients could contribute to the long-term excess risk of
mortality, especially the mortality due to avoidable
causes.

Taken together, stress-related disorders are increas-
ingly recognized as a globally important public health
problem, which is specifically relevant in the context of
the current coronavirus disease 2019 (COVID-19) pan-
demic. Growing evidence has indeed demonstrated sig-
nificant mental health burden among patients directly
affected by COVID-19, their families, healthcare work-
ers involved in the care of COVID-19, and the general
public during the pandemic.44 Specifically, according to
a recent systematic review, the pooled prevalence of
post-pandemic PTSD was 24.6% across these popula-
tions (COVID-19 patients, healthcare workers, and the
general public).29 Given the growing burden of stress-
related disorders, during the pandemic but also thereaf-
ter, our findings highlight the need of clinical surveil-
lance and, when needed, interventions to reduce the
risk of premature mortality among individuals with
stress-related disorders.

The major strength of our study includes the popula-
tion-based cohort design with a long and complete fol-
low-up of a large sample of patients with stress-related
disorders, and the sibling comparison to address the
concern about residual confounding. The large sample
size allowed us to perform detailed subgroup analyses,
including examining the time-dependent risk of death
and specific causes of death. The availability of rich
information on sociodemographic characteristics and
disease histories enabled the control of a wide range of
confounding factors in the analyses.

This study has several limitations. First, misclassifi-
cation of stress-related disorders cannot be ruled out,
even though the diagnosis of PTSD in National Patient
Register has been validated with satisfactory accuracy.45

However, such misclassification is likely non-differen-
tial with respect to mortality and could have led to an
attenuation of the studied association. Second, changes
in the diagnostic criteria for stress-related disorders over
time might have influenced the results. The stratifica-
tion analysis by calendar period suggested however a
negligible effect of such factor. Third, as data on
www.thelancet.com Vol 18 Month July, 2022
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outpatient specialist care were not included in the
National Patient Register until 2001,30 the exposed indi-
viduals in our study mainly represent a group with rela-
tively severe stress-related disorders. Mortality for
individuals with less severe stress-related disorders
needs to be studied further. Fourth, this study only
included a Swedish population, and the generalizability
of our findings to other countries remains unknown.
However, as our results are generally consistent with
previous studies using Danish and US samples, it is
likely that the risk pattern of mortality among patients
with stress-related disorders is similar across popula-
tions of most western countries. Finally, we cannot rule
out the possibility of residual confounding, particularly
lifestyle factors that change over time. However, the cal-
culated E-values suggest that the observed associations
could only be explained by unmeasured confounders
with very strong association with mortality.

In conclusion, in this Swedish cohort, we found that
patients with stress-related disorders were at an
increased risk of all-cause and multiple cause-specific
mortality, and the risk elevation was independent of
familial confounding. As the excess mortality was
mainly attributable to deaths due to unnatural causes
and potentially avoidable causes, this finding under-
scores the importance of clinical surveillance and treat-
ment of individuals with stress-related disorders.
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