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IMPORTANCE Mood disorders frequently co-occur with medical diseases that involve
inflammatory pathophysiologic mechanisms. Immune responses can affect the brain and
might increase the risk of mood disorders, but longitudinal studies of comorbidity are lacking.
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OBJECTIVE To estimate the effect of autoimmune diseases and infections on the risk of
developing mood disorders.
DESIGN Nationwide, population-based, prospective cohort study with 78 million
person-years of follow-up. Data were analyzed with survival analysis techniques and adjusted
for calendar year, age, and sex.
SETTING Individual data drawn from Danish longitudinal registers.
PARTICIPANTS A total of 3.56 million people born between 1945 and 1996 were followed up
from January 1, 1977, through December 31, 2010, with 91 637 people having hospital
contacts for mood disorders.
MAIN OUTCOMES AND MEASURES The risk of a first lifetime diagnosis of mood disorder
assigned by a psychiatrist in a hospital, outpatient clinic, or emergency department setting.
Incidence rate ratios (IRRs) and accompanying 95% CIs are used as measures of relative risk.
RESULTS A prior hospital contact because of autoimmune disease increased the risk of a
subsequent mood disorder diagnosis by 45% (IRR, 1.45; 95% CI, 1.39-1.52). Any history of
hospitalization for infection increased the risk of later mood disorders by 62% (IRR, 1.62; 95%
CI, 1.60-1.64). The 2 risk factors interacted in synergy and increased the risk of subsequent
mood disorders even further (IRR, 2.35; 95% CI, 2.25-2.46). The number of infections and
autoimmune diseases increased the risk of mood disorders in a dose-response relationship.
Approximately one-third (32%) of the participants diagnosed as having a mood disorder had
a previous hospital contact because of an infection, whereas 5% had a previous hospital
contact because of an autoimmune disease.
CONCLUSIONS AND RELEVANCE Autoimmune diseases and infections are risk factors for
subsequent mood disorder diagnosis. These associations seem compatible with an
immunologic hypothesis for the development of mood disorders in subgroups of patients.
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Autoimmune Diseases and Mood Disorder Risk

M

ood disorders frequently co-occur with medical illnesses that involve inflammatory pathophysiologic
mechanisms, such as cancer and cardiovascular
diseases.1-3 The development of mood disorders has recently
been linked to inflammation,4,5 and experimental activation
of inflammatory reactions has been demonstrated to induce
symptoms of mood disorders in human and animal studies.5-9
Immune components, such as proinflammatory cytokines and
brain-reactive antibodies, can induce changes in neurotransmitter and neuroendocrine function related to psychiatric
disorders.5,10,11 In addition, several studies12 have identified diverse immune alterations in subgroups of persons with mood
disorders without other known somatic comorbidities.
Inflammation is inherent to infections and autoimmune diseases. Several autoimmune diseases have been associated with
mood disorders,13-15 possibly induced by inflammation or brainreactive antibodies.16-18 The prime candidates for initiating
autoimmunity are infections, which may cause autoantibodymediated central nervous system (CNS) disorders.17,19,20 The
circulating brain-reactive antibodies and cytokines are particularly likely to reach the brain after compromise of the bloodCNS barriers during periods of stress, infections, and
inflammation.17,21 Indeed, CNS inflammation and blood-CNS
barrier dysfunction has been observed in subgroups of patients with severe depression.22 In addition, animal studies23
have found that the presence of peripheral brain-reactive antibodies may induce neuropsychiatric symptoms after experimental administration of inflammation that increases the permeability of the blood-CNS barriers. Consequently, it appears
that infections and autoimmune diseases can affect the brain
independently and in a synergistic manner, which may ultimately increase the risk of a subsequent development of mood
disorders.
Only a few smaller studies24,25 have used longitudinal data
to study the relationship between inflammation and mood disorders, and recent reviews5,26 have emphasized the need for
investigations of the link between autoimmune diseases and
infections on the subsequent risk of mood disorders. To our
knowledge, this is the first population-based register study on
autoimmune diseases and severe infections as risk factors for
the subsequent development of mood disorders.

Methods
Study Population
Data were obtained by linkage of the national Danish registers using unique personal registration numbers, which are assigned to every Dane at the time of birth.27 The population was
defined through the Danish Civil Registration System, which
provides information on the date of birth, sex, and parents of
all persons born in Denmark.28 Individuals born between January 1, 1945, and December 31, 1995, and who were alive at their
16th birthday and January 1, 1977, or later, formed the study
population. The cohort members were followed up from January 1, 1977, until December 31, 2010. During this period, the registers contained complete information about hospital contacts. The study cohort hence includes persons exposed to
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hospital contacts because of infections and autoimmune diseases from birth until age 65 year, and they are followed up for
hospital contacts because of mood disorders from the age of
16 years until 65 years.

The Registers
The study population was linked to the Danish Psychiatric Central Research Register (DPCRR), which was computerized in
1969 and contains information on all admissions to Danish psychiatric inpatient facilities. 29 Information about autoimmune diseases and infections was obtained from the Danish
National Hospital Registry, which contains records of all inpatients treated in Danish nonpsychiatric hospitals since 1977.30
From 1995 onward, information regarding outpatient and emergency department contacts has been included in both registers as well. For both registers, diagnostic information was
based on the International Classification of Diseases, Eighth Revision (ICD-8)31 from 1977 to 1993 and on the International Classification of Diseases, Tenth Revision (ICD-10)32 from 1994 to
2010. Treatment in Danish hospitals is free of charge for all residents, and there are no private psychiatric inpatient facilities
in Denmark, ensuring that all psychiatric admissions are represented in the DPCRR. All personal information from the registers is anonymized when used for research purposes, and the
project was approved by the Danish Data Protection Agency.

Assessment of Mood Disorders and Other
Psychiatric Disorders
Cohort members were classified as having mood disorders if
they had been hospitalized, had an emergency department contact, or had an outpatient contact because of an affective episode as diagnosed by the treating psychiatrist. Persons were
subclassified as having bipolar affective disorder (ICD-8 codes:
296.19, 296.39; ICD-10 codes: F30-F31), unipolar depression
(ICD-8 codes: 296.09, 296.29, 296.99, 298.09, 300.49; ICD-10
codes: F32-F33), psychotic depression (ICD-10 codes: F32.3,
F33.3), and a combined group of the remaining mood disorders (ICD-8 codes: 298.19, 301.19; ICD-10 codes: F34-F39). Date
of onset was defined as the first day of the first hospital contact (inpatient or outpatient or emergency department) that
led to the assignment of one of the listed diagnoses. A positive parental psychiatric history was defined as the presence
of any psychiatric contact recorded in the DPCRR. Substance
use diagnoses (ICD-8 codes: 291, 294.30, 294.38, 303, 304;
ICD-10 codes: F10-F19) were identified in the DPCRR and in the
Danish National Hospital Register.

Assessment of Autoimmune Disease and Infection
The time of onset of an autoimmune or infection diagnosis was
defined as the first day of the hospital contact that led to the
recording of a diagnosis of these diseases in the Danish National Hospital Register. Each person can have a history of more
than one autoimmune disease and more than one infection.
Persons were classified as having a positive history of 1 or more
of the 30 autoimmune diseases listed in Table 1 and described further in the recent article by Eaton et al14 if they had
an inpatient or outpatient contact that led to the respective diagnosis. When defining infections, we omitted all ICD-8 diag-
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Table 1. Incidence Rate Ratio of Mood Disorders Among Persons With a Hospital Contact for Infections
According to the Infection Sitea
Infection but No Autoimmune Disease
Site of infection
Sepsis infections

2.06 (1.85-2.29)

332

3.24 (2.61-4.03)

Hepatitis infections

2.82 (2.58-3.08)

494

3.01 (2.33-3.89)

58

Gastrointestinal infections

1.62 (1.58-1.66)

7598

2.52 (2.34-2.72)

676

Skin infection

1.70 (1.65-1.74)

5865

2.63 (2.43-2.84)

621

Pregnancy-related infection

1.68 (1.60-1.76)

1708

2.26 (1.90-2.69)

128

Respiratory infections

1.69 (1.65-1.74)

7035

2.72 (2.50-2.97)

527

Urogenital infections

2.05 (2.00-2.10)

7037

2.83 (2.62-3.05)

660

CNS infections

1.65 (1.54-1.78)

716

2.72 (2.17-3.42)

74

Other types of infections

1.81 (1.76-1.86)

Persons without a hospital
contact with infection

1 [Reference]

No. of Case
Patientsc

Incidence Rate Ratiob
(95% CI)

No. of Case
Patientsc
82

5729

2.53 (2.32-2.75)

531

60 361

1.45 (1.39-1.52)

2082

noses that bore the modification code “suspected” or “not
found” and similar codes for the ICD-10. Furthermore, we censored persons with diagnoses of human immunodeficiency virus (HIV) or AIDS (ICD-8 code: 07983; ICD-10 codes: B20-24)
from the analysis because these patients may differ from patients with other types of infections regarding substance abuse,
subsequent infections, and possible psychological stigmatization. The infections were grouped as follows: sepsis infections (ICD-8 code: 038; ICD-10 codes: A40-A41), hepatitis infec tions (ICD- 8 code: 070; ICD-10 codes: B15-B19),
gastrointestinal infections (ICD-8 codes: 000-009, 540; ICD-10
codes: A00-A09, K35), skin infections (ICD-8 codes: 035, 050057, 110-111, 680-686; ICD-10 codes: B00-B09, A46, L00L08), respiratory infections (ICD-8 codes: 460-486; ICD-10
codes: J00-J18), infections related to pregnancy (ICD-8 codes:
630, 635, 670; ICD-10 codes: O23, O85-O86, O98, O264), urogenital infections (ICD-8 codes: 580, 590, 595.00-595.01, 604,
612, 620, 622; ICD-10 codes: N00, N10, N300, N390, N45, N518B,
N70-N72, N76-N77), CNS infections (ICD-8 codes: 013, 02701,
03609, 04000-04399, 045-046, 05201, 05302, 05403, 05501,
05601, 062-065, 07199, 07202, 07501, 07929, 09049, 0949, 320324, 392, 47400; ICD-10 codes: DA022C, DA066, DA17, DA229C,
DA321, DA390, DA504, DA514B, DA521A-B, DA548A,D, DA80DA89, DB003-DB004, DB010-DB011, DB020-DB021, DB050DB051, DB060, DB261-DB262, DB375, DB451, DB582, DB602,
DE236A, DG0, DI02, DP352A), and other types of infections (the
remaining infections within the general chapters; ICD-8 codes:
000-136; ICD-10 codes: A, B; together with ICD-8 code: 710;
ICD-10 code: M00). When looking at time since the last infection, we only considered the first 8 admissions for infections
because of practical considerations.

Statistical Analysis
The members of the cohort were followed up until onset of a
mood disorder requiring hospital contact, hospital contact for
HIV or AIDS, death, emigration from Denmark, disappearance, or December 31, 2010 (whichever came first). The IRR
(measures of relative risk) was estimated using Poisson regression with the GENMOD procedure in SAS statistical software,
version 9.2 (SAS Institute, Inc). Age; calendar year; the occurrence of infection, autoimmune diseases, or substance use dis814

Infection and Autoimmune Disease

Incidence Rate Ratiob
(95% CI)

Abbreviation: CNS, central nervous
system.
a

Analyses were adjusted for sex, age,
and calendar period.

b

Calculated in 9 separate analyses
adjusted for sex, age, calendar
period, and other infections.

c

Individuals may have more than one
diagnosis.

order; and psychiatric contacts of parents were treated as timedependent variables, whereas all other variables were
considered time independent. The P values and 95% CIs were
based on Wald statistics. All analyses were adjusted for age,
sex, and calendar year. Calendar year was categorized in 1-year
periods from 1977 to 2010, and age was categorized in 1-year
intervals from 16 to 67 years. The method described by Andersson et al33 was used to calculate the synergy index. The
population-attributable risk was estimated as described by
Bruzzi et al.34

Results
The study population consisted of 3 562 260 people born in
Denmark between 1945 and 1995. In this cohort, 91 637 individuals were diagnosed as having a mood disorder (55 677 females and 35 960 males) from January 1, 1977, through December 31, 2010. The total follow-up time was 77 506 581
person-years. Before the diagnosis of a mood disorder, a total
of 29 194 patients (31.9%) were diagnosed as having one or more
infections (19 424 females and 9770 males), 4195 (4.6%) were
diagnosed as having one or more autoimmune diseases (2692
females and 1503 males), and 2113 (2.3%) were diagnosed as
having an autoimmune disease and an infection (1416 females and 697 males). The population-attributable risk of mood
disorders associated with hospital contacts for infections was
12.1% (ie, the proportion of mood disorder cases that could be
avoided if the association with hospital contacts for infections was causal and could be eliminated). Hospital contacts
for autoimmune diseases were associated with a populationattributable risk of 1.4% of the mood disorders. All analyses
were adjusted for sex, age, and calendar period, unless otherwise stated.
A positive history of an infection, compared with its absence, was associated with an IRR for mood disorder of 1.63
(95% CI, 1.61-1.66). Similarly, a positive history of an autoimmune disease, compared with its absence, was associated with
an IRR for mood disorder of 1.57 (95% CI, 1.52-1.62). However,
when infections are excluded from the model, the IRR of mood
disorders diminished to 1.45 (95% CI, 1.39-1.52). In persons with
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Table 2. Incidence Rate Ratio of Mood Disorders in Persons With a Hospital Contact for Autoimmune Diseases
and Infections in Denmark (1977-2010)a
Mood Disorders in Persons
Without Infections

Autoimmune Disease

Incidence
Rate Ratiob
(95% CI)

Mood Disorder in Persons
With Infections

No. of
Case
Patients
60 361

Incidence
Rate Ratioa
(95% CI)
1.62 (1.60-1.64)

No. of
Case
Patients

Persons without autoimmune disease

1 [Reference]

Any autoimmune disease

1.45 (1.39-1.52)

2082c

2.35 (2.25-2.46)

27 081
2113b

Autoimmune diseases with suspected
presence of brain-reactive antibodies

1.58 (1.49-1.68)

1057

2.49 (2.35-2.65)

1123

Autoimmune hepatitis

2.28 (1.53-3.41)

24

3.13 (2.39-4.11)

52

Autoimmune thyroiditis

1.05 (0.72-1.52)

28

1.63 (1.09-2.43)

24

Celiac disease

1.91 (1.41-2.60)

41

1.90 (1.32-2.73)

29

Guillain-Barré syndrome

1.61 (1.14-2.26)

33

2.24 (1.58-3.17)

32

Multiple sclerosis

1.52 (1.30-1.77)

162

2.42 (2.06-2.86)

142

Sjögren syndrome

1.79 (1.23-2.61)

27

2.58 (1.79-3.71)

29

Systemic lupus erythematosus

2.16 (1.61-2.89)

45

2.19 (1.65-2.92)

47

Thyrotoxicosis, Graves disease

1.28 (1.12-1.45)

228

1.90 (1.63-2.21)

165

Type 1 diabetes mellitus

1.77 (1.61-1.94)

469

2.84 (2.62-3.07)

603

Other autoimmune diseases

1.35 (1.27-1.43)

1206

2.22 (2.08-2.36)

1282

Ankylosing spondylitis

1.23 (0.91-1.65)

44

2.02 (1.46-2.81)

36

Crohn disease

1.75 (1.52-2.01)

191

2.32 (2.04-2.65)

224

Iridocyclitis

1.22 (1.00-1.48)

101

2.08 (1.70-2.54)

94

Juvenile arthritis

1.20 (0.88-1.64)

39

2.48 (1.93-3.19)

61

Psoriasis vulgaris

1.58 (1.38-1.81)

203

2.60 (2.27-2.97)

212

Seropositive rheumatoid arthritis

1.08 (0.93-1.25)

167

2.18 (1.89-2.52)

183

Ulcerative colitis

1.41 (1.27-1.57)

331

2.27 (2.04-2.54)

315

Alopecia areata

1.08 (0.66-1.77)

16

2.43 (1.60-3.69)

22

Autoimmune hemolytic anemia

2.53 (1.27-5.06)

8

2.28 (1.02-5.07)

6

Dermatopolymyositis

1.25 (0.60-2.62)

7

3.40 (2.01-5.74)

14

Idiopathic thrombocytopenic purpura

1.18 (0.71-1.96)

15

2.13 (1.37-3.30)

20

Myasthenia gravis

1.19 (0.62-2.30)

9

Pernicious anemia

1.37 (0.81-2.30)

14

2.14 (1.24-3.68)

13

Primary adrenocortical insufficiency

2.58 (1.53-4.35)

14

1.64 (0.95-2.82)

13

Primary biliary cirrhosis

1.74 (0.78-3.88)

6

Pemphigus

2

Pemphigoid
Polymyalgia rheumatica

4

3
4.31 (1.94-9.60)

6

3.81 (2.53-5.73)

23

1
1.30 (0.77-2.19)

14

1.03 (0.56-1.92)

10

3.18 (2.05-4.93)

20

Vitiligo

1.24 (0.70-2.17)

12

2.01 (1.14-3.54)

12

2

2.37 (1.18-4.75)

8

an autoimmune disease, who also had a hospital contact for
infection, the IRR of mood disorders increased to 2.35 (95% CI,
2.25-2.46). The synergy index33 for the interaction of infections and autoimmune diseases was statistically significant at
1.27 (95% CI, 1.15-1.39), indicating that the effect on the risk of
a mood disorder diagnosis is larger than what would be predicted using an additive effect of infections and autoimmune
diseases. The multiplicative effect (ie, statistical interaction)
was, however, not significant (IRR, 1.00; 95% CI, 0.94-1.07).
Thus, the risk of mood disorders for persons with an autoimmune disease and an infection was larger than predicted by
the combination of the single effects of the 2 disease groups,
indicating the presence of a synergistic effect of the 2 exposures.

Analyses were adjusted for sex, age,
and calendar period.

b

Relative risks were not estimated
when there were fewer than 5
exposed cases. Each separate
autoimmune disease gave rise to
one analysis adjusted for all other
autoimmune diagnoses.

c

The data reflect that an individual
can have multiple autoimmune
diseases.

1

Scleroderma

Wegener granulomatosis

a

The IRR of mood disorders was increased irrespective of
the site of infection (Table 1), with hepatitis resulting in the
most elevated risk of mood disorders (IRR, 2.82; 95% CI, 2.583.08), followed by sepsis (IRR, 2.06; 95% CI, 1.85-2.29) and urogenital infections (IRR, 2.05; 95% CI, 2.00-2.10). The risk of
mood disorders after a specific autoimmune disease was elevated for all individual autoimmune diseases and significant for most (Table 2). The risk of developing mood disorders was elevated the most in the group of autoimmune
diseases with suspected presence of brain-reactive antibodies (IRR, 1.58; 95% CI, 1.49-1.68), particularly when combined
with an infection (IRR, 2.49; 95% CI, 2.35-2.65).
Among persons with just one hospital contact for infection and no autoimmune diseases, the IRR for a subsequent
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Table 3. Incidence Rate Ratios of Mood Disorders and Number of Hospital Contacts for Infections in Denmark
(1977-2010)a
No Autoimmune Diseases
Incident Rate Ratio
(95% CI)

Hospital Contacts

No. of
Cases

Autoimmune Diseases
Incident Rate Ratio
(95% CI)

No. of
Cases
2082

No. of hospital contacts with infection
0

1 [Reference]

60 361

1.46 (1.39-1.52)

1

1.43 (1.40-1.45)

15 735

1.89 (1.77-2.02)

885

2

1.74 (1.69-1.79)

5865

2.54 (2.33-2.77)

506

3

2.12 (2.04-2.21)

2565

2.90 (2.57-3.27)

270

4

2.53 (2.40-2.68)

1304

2.86 (2.42-3.37)

143

5

2.47 (2.28-2.68

603

3.35 (2.73-4.11)

93

6

2.53 (2.27-2.83)

327

3.27 (2.52-4.26)

56

7

3.14 (2.75-3.58)

223

3.62 (2.64-4.95)

39

≥8

3.36 (3.06-3.68)

459

4.12 (3.45-4.92)

121

1

1.47 (1.45-1.50)

19 805

2.00 (1.89-2.12)

1246

2

2.09 (2.03-2.14)

5549

2.97 (2.73-3.22)

584

3

2.84 (2.68-2.99)

1372

3.70 (3.23-4.24)

210

4

3.55 (3.16-3.99)

287

3.74 (2.87-4.89)

54

≥5

4.80 (3.78-6.09)

68

4.43 (2.83-6.95)

19

No. of hospital contacts with different types
of infections by number of infection typesb
a

Analyses were adjusted for sex, age,
and calendar period.

b

Note that these estimates
represents the number of hospital
contacts with different types of
infections.

Figure. Incidence Rate Ratios
5
No autoimmune disease
Autoimmune disease

Incidence Rate Ratio

4

3
(Reference)
2

1

0
0

1

2

3

4

5

6

7

No. of Hospital Contacts With Infections

mood disorder was 1.43 (95% CI, 1.40-1.45; Table 3). The risk
of mood disorders seems to increase in a dose-response relationship with the number of infections, resulting in an IRR for
mood disorders of 3.36 (95% CI, 3.06-3.68) for 8 or more hospital contacts for infections and no autoimmune diseases
(Figure). In Table 3, results are also listed for hospital contacts with the number of different types of infections, which
raises the risk of mood disorders with an IRR 4.80 (95% CI, 3.786.09; Table 3) in persons with 5 or more different types of infections and no autoimmune diseases.
Persons with 2 or more autoimmune diseases and a hospital contact for infection had a more elevated risk of mood
disorders (IRR, 2.66; 95% CI, 2.36-3.00) than persons with 1 autoimmune disease and a hospital contact for infection (IRR,
2.31; 95% CI, 2.21-2.42).
A significant statistical interaction was found between the
number of hospital contacts for infections and autoimmune
diseases (P = .04) and between the number of different types
of infections and autoimmune diseases (P = .04). For persons
816

8+

Incidence rate ratios, with 95% CIs
(error bars), of subsequent mood
disorders in persons with
autoimmune diseases and infections
in Denmark, 1977-2010.

with and without autoimmune diseases there seems to be a
dose-response relationship where the risk of mood disorder
increases with the number of admissions and with different
types of infections. Persons with 5 or more different types of
infections have a higher risk of mood disorders if no autoimmune disease is present, whereas persons with fewer than 4
infections have the highest risk if autoimmune diseases are present. The risk of developing a mood disorder increased with
the proximity in time of the infection (Table 4). A significant
statistical interaction was found between autoimmune disease and time since the last infection (P = .04). The IRR of a
mood disorder increased with the temporal proximity of the
last infection to 4.33 (95% CI, 3.90-4.81) for persons with an
autoimmune disease and 2.70 (95% CI, 2.60-2.80) for persons
without an autoimmune disease, if the last infection had occurred less than 1 year earlier.
Sensitivity analyses revealed no differences between the
joint effect of infections and autoimmune diseases among persons with or without substance use (P = .54) with a similar pat-
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Table 4. Incidence Rate Ratio of Mood Disorders in Persons With Hospital Contacts for Infections According to
the Time Since Last Hospital Contact for Infection in Denmark (1977-2010)a
Infection but No Autoimmune Disease

Time Since Last Severe Infection, y

Incidence
Rate Ratio (95% CI)

No. of
Case
Patients

Infection and Autoimmune Disease
Incidence
Rate Ratio (95% CI)

No. of
Case
Patients

<1

2.70 (2.60-2.80)

2851

4.33 (3.90-4.81)

352

1

2.13 (2.04-2.23)

2011

3.03 (2.64-3.47)

204

2

1.97 (1.88-2.07)

1724

2.54 (2.17-2.98)

153

3

1.83 (1.74-1.92)

1510

2.56 (2.17-3.03)

138

4

1.67 (1.58-1.77)

1297

2.56 (2.15-3.05)

127

5-9

1.61 (1.57-1.66)

5442

2.06 (1.87-2.27)

406

10-14

1.47 (1.42-1.51)

4142

2.14 (1.91-2.40)

297

>15

1.33 (1.29-1.36)

8104

1.70 (1.55-1.87)

436

Patients without a hospital contact
with infection

1 [Reference]

60 361

1.45 (1.38-1.51)

2082

a

tern of results as the total study population when persons with
substance use disorders are excluded (eTable in Supplement). Likewise, people with a psychiatric family history did
not have a larger effect of autoimmune diseases and infections than persons without a psychiatric family history
(P = .49). The number of hospital contacts for infection and autoimmune diseases also did not add significantly more to the
increased risk of mood disorders in persons with a psychiatric family history than persons without a psychiatric family history (P = .75). However, the main effect of a psychiatric family history increases the risk of mood disorders with an IRR of
2.17 (95% CI, 2.12-2.21) compared with persons without a psychiatric family history. When the main effects of a psychiatric
family history in the analysis were included, the persons with
a psychiatric family history and a hospital contact for an infection had an increased IRR of mood disorders of 3.06 (95%
CI, 2.96-3.14). A hospital contact for an autoimmune disease
increased the risk of mood disorders (IRR, 2.68; 95% CI, 2.412.98), and hospital contacts for infections and autoimmune diseases increased the risk of mood disorders (IRR, 3.83; 95% CI,
3.48-4.21) in people with a psychiatric family history when
compared with persons without a psychiatric family history
and without hospital contacts for infection and autoimmune
diseases.
Sensitivity analysis by age revealed a significant effect of
age on the risk of mood disorders after an infection, with persons older than 30 years having a more elevated risk (P = .046)
of mood disorders (IRR, 1.70; 95% CI, 1.67-1.73) than persons
younger than 30 years (IRR, 1.53; 95% CI, 1.49-1.56). Sensitivity analysis on calendar period and between the ICD-8 and
ICD-10 periods revealed no significant differences on the overall estimates. Also when restricting the cohort to include only
persons born after 1977, when we have complete lifetime follow-up of hospital contacts in the registers, we found identical results as in the large cohort. The relative risks of a mood
disorder are most elevated for women after an infection (females: IRR, 1.68; 95% CI, 1.66-1.72; males: IRR, 1.50; 95% CI 1.471.54; test of sex difference: P <.001), but after an autoimmune disease males have the highest IRR of mood disorders
(females: IRR, 1.35; 95% CI, 1.30-1.41; males: IRR, 1.67; 95% CI,
1.59-1.76; test of sex difference: P <.001).

Analyses were adjusted for sex, age,
and calendar period and were based
on the 8 first admissions with
infection.

When studying the subtype of mood disorders, there were
79 737 persons with unipolar depression, 13 034 persons with
bipolar depression, 5683 persons with psychotic depression,
and 7762 persons with the remaining mood disorders during
the study period (an individual might have had more than one
diagnosis). Hospital contacts for infections increased the risk
of bipolar disorder (IRR, 1.61; 95% CI, 1.55-1.68), unipolar depression (IRR, 1.63; 95% CI, 1.61-1.66), and psychotic depression (IRR, 1.58; 95% CI 1.49-1.68) similarly, whereas the risk of
the remaining mood disorders were slightly more elevated (IRR,
1.77; 95% CI, 1.68-1.87). Autoimmune diseases increased the
risk of bipolar disorder with an IRR of 1.25 (95% CI, 1.11-1.41),
unipolar depression with an IRR of 1.46; (95% CI, 1.40-1.53),
and the remaining group of mood disorders with an IRR of 1.76
(95% CI, 1.52-2.05), whereas the risk of psychotic depression
was insignificantly increased with an IRR of 1.18 (95% CI, 0.991.41).

Discussion
In this national cohort study, infections and autoimmune diseases increased the risk of subsequent mood disorders in a
dose-response relationship. Infections were the most common risk factor, occurring in 32% of patients before the first
psychiatric contact for a mood disorder, and seem to increase
the risk of mood disorders more than did the autoimmune diseases, which only occurred in 5% of the patients. The risk of
mood disorders for persons with an autoimmune disease and
an infection was larger than predicted by the combination of
the single effects of the 2 disease groups, indicating the presence of a synergistic effect of the 2 exposures.
The possible involvement of infections as a risk factor in
the pathogenesis of mood disorders has previously only been
investigated in a few small studies.25,35,36 Our results indicated that any history of hospitalization for infection increased the risk of mood disorders by 62%. The risk of mood
disorders increased with the temporal proximity of the last infection, especially in persons with autoimmune diseases for
whom an infection within the last year increased the risk of
mood disorders more than 4 times, suggesting that the re-
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sults might be due to a contemporary inflammatory process.
Hospital contacts for infections increased the risk of mood disorders in a dose-response relationship, with individuals with
5 or more hospital contacts with different types of infections
having an increased risk of subsequent mood disorders of almost 5 times. The population-attributable risk associated with
hospital contacts for infections accounted for 12% of the mood
disorder cases in the present study. It remains unclear whether
the results can be generalized to the more frequently occurring less severe infections and mood disorders treated by the
general practitioner or to those going untreated because only
hospital contacts are included in the Danish national registers. The severe infections are probably more likely to affect
the brain than the less severe infections because of a more extensive inflammatory response. However, a recent study35 has
demonstrated associations of seropositivity for influenza and
coronaviruses with mood disorders, and in accordance with
our findings, similar associations with bipolar disorder and unipolar depression were detected. Another smaller study25 found
an association between infections in early life and the occurrence of a broad range of mental disorders, including major depression, during youth.
Several autoimmune diseases have previously been associated with mood disorders in smaller studies,13,15,37 and elevated autoantibody levels and increased autoantibody reactivity have been observed in subgroups of patients with severe
depression.17,38 In a population-based study, Eaton et al14 found
a 70% increased risk of developing bipolar disorder (n = 9920)
within 4 years of an autoimmune disease diagnosis and a 20%
increased risk in the time span from 5 years onward after the
diagnosis compared with the background population. Our
analysis included 91 637 patients with mood disorder and found
that autoimmune diseases were associated with an increased
risk of mood disorders by 57%, but when separating the effect of infections, the increased risk was reduced to 45%. The
risk estimates were primarily driven by unipolar depression
that amounted to clearly the most cases, with an increased risk
of 46% after a hospital contact with an autoimmune disease,
whereas the risk of bipolar disorder was increased by 25%. In
persons with a hospital contact for autoimmune diseases and
infections, the risk of developing mood disorders was increased 2.35 times. The significant synergy index detected in
this study may indicate a biological interaction between autoimmune diseases and infections39,40 but needs to be interpreted cautiously because this interpretation of the synergy
index rests on the assumption of no residual confounding from
unmeasured or unknown risk factors for mood disorders that
are unevenly distributed across the exposure groups.41
The associations found in this study suggest that autoimmune diseases and infections are important etiologic factors
in the development of mood disorders in subgroups of the patients possibly because of the effects of inflammatory activity. Systemic inflammation can induce a “sickness behavior,”
with symptoms of fatigue, reduced appetite, apathy, decreased social interaction, impaired concentration, and sleep
disturbances.5 Many of these symptoms are similar to symptoms of depression, and studies8 have suggested that in vulnerable individuals prolonged sickness behavior can prog818
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ress to depression. The sickness behavior could be explained
from an evolutionary perspective as an appropriate response
to inflammation to release energy for the immune system and
to reduce the spreading of infectious diseases.5 The behavioral changes in sickness behavior are probably coordinated by
the CNS and initiated by peripheral signals that reach particular brain centers.42 Innate and adaptive immune responses
might be involved, and there are many different routes of communication between the periphery and the brain, such as
stimulation of peripheral nerves and immune components, that
can induce synthesis of proinflammatory molecules in the
CNS.5 The increased inflammation that occurs in autoimmune diseases and infections may influence the brain through
increased blood-CNS barrier permeability, making the brain
vulnerable to infectious agents and immune components, such
as cytokines and brain-reactive antibodies. In support of this
hypothesis, the risk of developing a mood disorder was elevated the most in the group with autoimmune diseases and
a suspected presence of brain-reactive antibodies and infections. Furthermore, proinflammatory cytokines can affect the
tryptophan-kynurenine pathway, which regulates serotonin
production and N-methyl-D-aspartate glutamate receptor
activity.5,43 Activation of the immune system additionally increases the activity of the hypothalamic-pituitary-adrenal axis,
which is known to be involved in depression.5,10 The major hormonal output of the hypothalamic-pituitary-adrenal axis is glucocorticoids, such as cortisol, which also are important regulators in the homeostatic control of the immune system.44
Activated inflammatory processes have also been suggested to be involved in other mental illnesses, such as
schizophrenia,45 particularly in relation to the negative and cognitive symptoms, which overlap with symptoms of mood
disorders.46 However, even though the present findings are
similar to our previous results on schizophrenia,45 the psychological effects of having a disease severe enough to require a hospital contact may have a greater effect on the inc reased risk of mood disorders than is the c ase for
schizophrenia. The effects of hospitalization might be nonspecific and may desensitize the patient to health care professionals and increase the detection of subsequent mood disorders. However, the findings are not due to only detection bias
because the elevated risk of mood disorders remained significant more than 15 years after the last hospital contact for a severe infection. In addition, hospital contacts for infections increased the risk of mood disorders more than autoimmune
diseases did, which would probably require treatment for longer periods, if not lifelong treatment, opposite of many infections that can be successfully treated and eliminated. Furthermore, the group of autoimmune diseases with a suspected
presence of brain-reactive antibodies was associated with
higher risks of subsequent mood disorders than the group without, and several of the patients with autoimmune diseases who
required hospitalization did not display a significantly increased risk of mood disorders.
Exposure to physical or psychologic stressors is also well
known to increase the risk of acquiring infections47 and enhances immune responses.48 Patients frequently report phases
of stress preceding the development of mood disorders, and
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the inflammatory response might simply be a parallel finding
and not a causal relationship. Inflammation-related genes have
been associated with susceptibility to mood disorders,49 and
environmental influences, such as infections and autoimmune diseases, may interact with genetic factors. Nevertheless, our results suggest that persons with a psychiatric family history are not more vulnerable to developing mood
disorders than persons without a psychiatric family history after a hospital contact for autoimmune diseases or infections.
However, a psychiatric family history is probably too crude an
indicator of variation in individual genes to exclude an effect
of genetic stratification. Psychiatric family history and substance use could also represent a proxy for adverse social factors, even though in this analysis these factors do not influence the association among infections, autoimmune diseases,
and the subsequent development of mood disorders. An iatrogenic effect of medical treatment seems unlikely to explain
the major associations in this study because only some of the
included autoimmune diseases would be treated with steroids, for instance, that may increase the risk of mood disorders, and there is no evidence of antibiotics being related to
an increased risk of mood disorders. Anti-inflammatory agents
have actually been suggested to improve mood symptoms in
patients with inflammatory disorders and enhance responsiveness to antidepressants.2,46,50-52
We only included hospital contacts, and the less severe
cases of infections, autoimmune diseases, and mood disor-
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