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Abstract
Background: Loss of a loved one has consistently been associated with various health risks. Little is however
known about its relation to sexually transmitted infections (STIs).
Methods: We conducted a population-based cohort study during 1987–2012 using the Swedish Multi-Generation
Register, including 3,002,209 women aged 10-44 years. Bereavement was defined as death of a child, parent, sibling
or spouse (N = 979,579, 33 %). STIs were defined as hospital visits with an STI as main or secondary diagnosis.
Poisson regression and negative binomial regression were used to estimate incidence rate ratios (IRRs) and 95 %
confidence intervals (CIs) of STIs, comparing incidence rates of women who had experienced loss to those who
had not.
Results: Bereaved women were at significantly higher risk of nearly all STIs studied. The relative risk of any STI
was highest during the first year after loss (IRR: 1.45, 95 % CI: 1.27–1.65) and predominantly among women with
subsequent onset of psychiatric disorders after bereavement (IRR: 2.61, 95 % CI: 2.00–3.34). Notably, a consistent
excess risk, persisting for over five years, was observed for acute salpingitis (IRR: 1.28, 95 % CI: 1.13–1.44), a severe
complication of bacterial STIs.
Conclusion: These data suggest that women who have experienced bereavement are at increased risk of STIs.
Keywords: Sexually transmitted infections, Bereavement, Psychological stress, Salpingitis, Condyloma, HPV
vaccination

Background
That psychological stress has immune modulating effects
is suggested by extensive experimental evidence from
both animal [1] and human [2] studies. Experimental
studies have further suggested that psychological stress
increases susceptibility to viral infections [3]. On the
contrary, epidemiological evidence for the potential
impact of psychological stress, including various life
stressors, on the susceptibility to infections remains
weak [4]. However, multiple meta-analyses have shown
that psychological stress might facilitate the recurrence
* Correspondence: emily.bond@ki.se; donghao.lu@ki.se
†
Equal contributors
1
Department of Medical Epidemiology and Biostatistics, Karolinska Institutet,
Nobels väg 12A, Box 281, Stockholm 17177, Sweden
Full list of author information is available at the end of the article

of herpes simplex virus infection [5] and the progression
of human immunodeficiency virus (HIV) infection [6],
lending evidence to theories of psychological stress
impairing our ability to control infection.
Sexually transmitted infections, including infections of
human papillomavirus (HPV), are major, or even necessary, causes for many infection-related cancers [7, 8].
While the literature on the role of psychological stress in
cancer development remains largely inconclusive [9, 10],
three recent large population-based studies have suggested a higher risk of cervical cancer, and other HPV
related cancers, among bereaved women [11–13]. Although the role of oncologic infections of HPV has
been highlighted [13], little is known about whether
the underlying mechanism linking bereavement to
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cervical cancer can be attributed to behavioral or biological changes.
To this end, in the present study, we aimed to complement these previous studies by elucidating whether there
is an increased risk of sexually transmitted infections
(STIs) after bereavement.

Methods
Study population

All women born in Sweden, who were at the age of
10–44 years during 1987–2012, who had at least one
parent registered in the Swedish Multi-Generation
Register (MGR), were included in the present study
(N = 3,002,209) (Fig. 1). The MGR contains largely
complete familial linkages for all Swedish residents born
since 1932 onward [14].
Follow-up

All women were individually followed from January 1st
1987 or their tenth birthday, whichever came later, to an
STI diagnosis, death, emigration, 45th birthday, HPV

vaccination, or December 31st 2012, whichever came
first, through cross-linkages to the Swedish Patient
Register (for STI diagnosis), Cause of Death Register,
Migration Register, as well as the Swedish Vaccination
Register and the Prescribed Drug Register (collectively
for HPV vaccination). Women receiving an HPV vaccination were further studied in a separate analysis.
The Patient Register collects hospital discharge
records in Sweden since 1964/1965, and has a complete
coverage for the entire country since 1987 [15]. Hospitalbased outpatient specialist visits have been added in this
register since 2001 with >80 % coverage of the entire
country. The Patient Register does however not include
visits to general practitioners. The 9th Swedish revision of
the International Classification of Diseases (ICD-9) codes
was used in this register between 1987 and 1996 and the
10th revision thereafter.
As previously described [16, 17], date for HPV vaccination was first retrieved from the Swedish Vaccination
Register, and complemented by prescription date of
HPV vaccination (Anatomical Therapeutic Chemical

Women born in Sweden during 1942-2012
n = 3,138,945

No parent identifiable in MultiGeneration Register
n = 22,130

At least one parent identifiable
in Multi-Generation Register
n = 3,116,815

Excluded due to death before cohort entry
n = 20,202

Excluded due to emigration before cohort entry
n = 94,381
Excluded due to quadrivalent HPV vaccination
before cohort entry
n = 22
Excluded due to bivalent HPV vaccination before
cohort entry
n=1

Ever Vaccinated Women
n = 269,022

Bereavement
n=1,916

Study population at cohort entry
n = 3,002,209

Bereavement before (n =
462,594) or during (n =
516,985) follow-up
n = 979,579

Women without
bereavement
n = 2,022,630

Fully Vaccinated Women
n = 174,515

Bereavement
n=1,336

Fig. 1 Study population. The study population included all women born in Sweden who were at the age of 10–44 years during 1987–2012, and had at
least one parent identifiable in the Multi-Generation Register. Women who received HPV vaccination during the study period were analyzed separately
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(ATC) codes J07BM01 and J07BM02) according to the
Prescribed Drug Register when needed. The Prescribed
Drug Register records all prescribed drugs from all pharmacies in Sweden since July 2005 [18].
Women without bereavement contributed all persontime to the unexposed group, whereas the exposed
women contributed person-time to the unexposed group
before the bereavement and to the exposed group thereafter. If a woman had bereavement before entry to the
cohort, she contributed person-time only to the exposed
group. If a woman lost more than one family member,
the first bereavement was counted.
Bereavement

We used the MGR to identify the first-degree relatives
of all index women in our study population, including
children, parents, and siblings. Spouses were defined
through a registered common biological or adopted
child in the MGR. We then linked all the family members to the Cause of Death Register and identified any
death of these family members from January 1st 1961
until the end of study (December 31st 2012). Bereavement was first classified based on the relationship of the
index women to the lost kin (“type of bereavement”: loss
of a child, spouse, parent, or sibling), and then categorized by cause of death (“cause of bereavement”: selfharm, other injuries, cancer, or non-cancer diseases).
Sexually transmitted diseases and related outcomes

STIs were defined through hospital visits where STIs
were recorded either as the main or a secondary diagnosis. The STIs studied in the present study included
condyloma (i.e. Condyloma acuminatum), gonorrhea,
chlamydia, syphilis, and genital herpes simplex (GHS)
(Additional file 1: Table S1). Any STI was defined as the
composite of the above STIs. The first STI diagnosis
during follow-up was used as the outcome of interest for
both the exposed and unexposed groups. As a result,
bereaved women might have one STI diagnosis before
bereavement and another STI diagnosis after bereavement. Concurrence of multiple STIs at the same hospital
visit was possible and in such case, the specific STI
recorded as the main diagnosis of the visit was used as
the outcome of interest. Since we had complete data
only on inpatient hospital records for the entire study
period, we used the first inpatient hospital contact for
STIs as the primary outcome. To assess the representativeness of our findings, we used any hospital contact
(both inpatient and outpatient) as secondary outcome
for the period of 2001–2010. As another secondary outcome, we complemented the definition of condyloma by
using information from the Prescribed Drug Register as
previously described [16, 17] for the period of July 2005 to
December 2012. Briefly, prescriptions for the condyloma
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treatments, Aldara and Podophylotoxin (under age of 45
[16]), were identified with ATC codes D06BB10 and
D06BB04 and used as alternative definitions of condyloma
diagnosis.
Acute salpingitis, inflammation of the fallopian tubes,
is not an STI by definition, but it largely shares risk factors with STIs [19]. Furthermore, it has been shown that
the rates of acute salpingitis follow chlamydia epidemics
very closely [20]. Although some of the STIs studied in
the present study may also be diagnosed and treated in
clinics outside hospitals (e.g., with general practitioners
or youth clinics) and are therefore incompletely covered
by the Patient Register, acute salpingitis is more consistently diagnosed and treated within hospital-based
clinics.
We additionally studied infections of human immunodeficiency virus-1 (HIV) and hepatitis B (HBV) as STIs
with other potential routes of transmission (including
intravenous drug use) in addition to high risk sexual
behavior.
Separate analysis of HPV vaccinated women

To better understand the potential impact of immune
modulation on the studied associations, we conducted a
separate analysis among women vaccinated with quadrivalent HPV vaccine for the period of June 2006 to December
2012. Our hypothesis was that the severe psychological
stress induced by bereavement might compromise the
host immunity in terms of its ability to mount an adequate
response to vaccination – an exposure to HPV antigens
unrelated to sexual behavior – and therefore result in a
suboptimal vaccination efficacy. The quadrivalent HPV
vaccine protects against HPV types 6, 11, 16 and 18 which
cause about 90 % of condyloma [21]. In total, we identified
269,022 women who received at least one dose of quadrivalent vaccine (“ever vaccinated women”) and 174,515
women who received all three doses of quadrivalent vaccine (“fully vaccinated women”) (Fig. 1). For this analysis,
ever vaccinated women were followed from the date of
first dose and fully vaccinated women from the date of
third dose.
Statistical analysis

We first calculated the unadjusted incidence rates (i.e.,
number of STIs divided by accumulated person-years)
among women with and without bereavement separately.
We then used log-linear Poisson regression models to
estimate the incidence rate ratios (IRRs) and 95 % confidence intervals (CIs) of STIs of the bereaved women,
compared to women without bereavement. If the Poisson model was found to be over-dispersed, negative binomial regression was used instead. All models were
adjusted for age at follow-up (10-18 and 19-44 years for
the analysis of vaccinated women; and 10–12, 13–15,
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16–18, 19–21, 22–25, 26–29, 30–34, 35–39, and 40–44
years for the rest of the analyses), parental educational
level and calendar period at follow-up (5-year groups).
Information on parental educational level was obtained
from linking the parents of the participants to the Swedish Education Register. Since we studied relatively young
women (10–44 years), parental educational level was
used as a proxy for the index woman’s socioeconomic
status. Three educational levels were defined, including
low (<9 years or missing), middle (9 years plus 2-3 years
of high school), and high (university or doctoral studies).
These analyses were performed for both the primary
outcome (i.e., inpatient hospital contact for STIs for the
period of 1987–2012) and secondary outcome (i.e., any
hospital contact for STIs for the period of 2001–2012;
and any hospital contact plus prescription claim for condyloma for the period of 2005–2012).
To alleviate potential concern of unmeasured confounders, in a sensitivity analysis, we restricted the analyses to women with bereavement and compared the
risk of STIs during the time period after bereavement
with the risk during the time period before bereavement.
We further investigated the impact of type and cause
of bereavement as well as time since bereavement
(≤1 year, 2–4 years, or ≥5 years) in association with the
inpatient hospital contact of any STI, acute salpingitis,
and HIV or HBV (HIV/HBV). We further stratified the
analyses of any STI, acute salpingitis, and HIV/HBV by
age at follow-up (10–18, 19–29 and 30–44 years), calendar period of follow-up (1987–2000 and 2001–2012),
and parental educational level.
Since mental illness is a known risk factor for high risk
sexual behavior and STIs [22, 23], we ascertained the
history of psychiatric disorders for all women according
to the Patient Register (including both inpatient and outpatient hospital contact as well as main and secondary
diagnoses for each visit), starting from 1981 to the end
of 2012 (ICD-8/9 codes 290–319 during 1981–1996; and
ICD-10 codes F00-F99 since 1997). Patients were classified as having preexisting psychiatric disorders during
the entire follow-up if they had a diagnosis for any psychiatric disease before entry to the cohort or from the
date of such diagnosis if after entry to the cohort. To
examine whether preexisting psychiatric disorders might
modify the association of bereavement with STIs, we
first stratified the analyses by the history of psychiatric
disorders. To examine whether psychiatric disorders
might mediate the association, we additionally classified
the bereaved women as with or without newly onset psychiatric disorders after bereavement, and compared their
risk of STIs with women without bereavement. Bereaved
women with preexisting psychiatric disorders were
excluded from this analysis. Since HIV/HBV infections
are highly related to substance abuse, we conducted
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specifically similar analyses for substance abuse (ICD8, 304; ICD-9, 304 and 305X; ICD-10, F11-F16 and
F18-F19).
Provided with a smaller number of participants,
among HPV-vaccinated women, ever vaccinated or fully
vaccinated, we only calculated the IRRs of condyloma
and any STI. This analysis was performed only for secondary STI outcomes, i.e., both inpatient and outpatient
hospital visits for any STI, and hospital visits plus prescribed drugs for condyloma. In organized vaccination
programs, testing for prevalent HPV infection at the
time of vaccination is not performed, and HPV status at
vaccination is therefore unknown. Since an incubation
period of three months has previously been observed for
condyloma [17], in a sensitivity analysis, we excluded the
first three months of follow-up.
Statistical analyses were conducted using SAS version
9.3 (SAS Institute, Inc.).

Results
The study included 3,002,209 women with an average
follow-up of 14.4 years (Fig. 1). 979,579 of the entire
cohort and 1916 of the vaccinated women experienced
bereavement before or during follow-up.
Compared to the unexposed group, the exposed group
had older age at cohort entry, lower parental education
level, and less preexisting psychiatric diseases (Additional
file 1: Table S2).
Overall, bereaved women had a higher risk of any STI,
using either the primary (inpatient hospital visit; IRR:
1.16, 95 % CI: 1.08–1.24) or secondary (any hospital
visit; IRR: 1.06, 95 % CI: 1.01-1.11) definition (Table 1).
Individual STIs with significantly elevated risk among
bereaved women included condyloma and chlamydia
(Table 1). Bereaved women also had increased risks of
acute salpingitis, HIV and HBV infections (Table 1).
Similar findings were noted when comparing the prebereavement to post-bereavement periods of the same
women, although the magnitude of the associations was
slightly diminished (Table 2).
Bereavement characteristics did not clearly modify the
risks of any STI, acute salpingitis, or HIV/HBV infections, although slightly stronger associations with loss of
a spouse or sibling, as well as bereavement due to selfharm or other injuries, were suggested for some STIs
(Table 3). The strongest associations for any STI (IRR:
1.45, 95 % CI: 1.27–1.65) and acute salpingitis (IRR:
1.49, 95 % CI: 1.25-1.79) were seen during the first year
after bereavement (Table 3).
The associations were not clearly modified by age at
follow-up, calendar period of follow-up or parental educational level, except for a slightly stronger association
for acute salpingitis among women at age 10-18 years
(Table 4).
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Table 1 Hospital contact of Sexually Transmitted Infections (STI), comparing bereaved women with non-bereaved women
Inpatient hospital contact (1987–2012)

Any hospital contact (2001–2012)

No bereavement

Bereavement

No bereavement

Bereavement

N

Crude IR
(100,000 PYs)

N

Crude IR
(100,000 PYs)

IRR (95 % CI)

N

Crude IR
(100,000 PYs)

N

Crude IR
(100,000 PYs)

IRR (95 % CI)

5903

17.00

1188

14.50

1.16 (1.08–1.24)

71061

453.00

9309

304.00

1.06 (1.01–1.11) b

2833

8.14

700

8.54

1.18 (1.08–1.30)

42652

272.00

5334

174.00

1.06 (1.00–1.12) b

Gonorrhea

123

0.35

33

0.40

1.51 (0.97–2.28)

466

2.97

75

2.45

1.49 (1.14–1.92)

Chlamydia

952

2.74

136

1.66

1.23 (1.01–1.48)

10098

64.40

1185

38.60

1.14 (1.04–1.26) b

Syphilis

65

0.19

20

0.24

1.17 (0.66–2.01)

72

0.46

16

0.52

1.05 (0.57–1.84)

GHS

1946

5.59

302

3.68

1.06 (0.93–1.21)

17828

114.00

2709

88.30

1.04 (0.99–1.09) b

Acute salpingitis

11361

32.60

3540

43.20

1.28 (1.13–1.44)b

2929

18.70

1000

32.60

1.24 (1.15–1.34)

HIV

120

0.34

96

1.17

2.36 (1.76–3.17)

220

1.40

112

3.65

1.98 (1.53–2.53)

HBV

435

1.25

161

1.96

1.59 (1.30–1.94)

411

2.62

141

4.60

2.20 (1.78–2.71)

Any STI
Condyloma

a

Notes:
The first hospital visit concerning an STI diagnosis during the unexposed follow-up and the first hospital visit concerning an STI diagnosis during the exposed
follow-up were both counted in all analyses
CI confidence interval, GHS genital herpes simplex, HBV hepatitis B virus, HIV human immunodeficiency virus, IR incidence rate, IRR incidence rate ratio, N number,
PYs person-years, STI sexually transmitted infection
IRR was adjusted for attained age (10–12, 13–15, 16–18, 19–21, 22–25, 26–29, 30–34, 35–39, and 40–44), calendar years (5-year group), and parental education
levels (low/missing, medium, and high) as a proxy for socioeconomic status
a
Any hospital contact for condyloma was further complemented by prescription claim
b
Negative binomial regression was used instead due to over-dispersed Poisson regression

Table 2 Inpatient hospital contact of Sexually Transmitted
Infections (STIs), comparing the post-bereavement to the
pre-bereavement periods of women with bereavement
Before
bereavement
N
Any STI
Condyloma

a

After bereavement

Crude IR
N
(1000 PYs)

Crude IR IRR (95 % CI)
(1000 PYs)

1428 0.26

1188 0.14

1.14 (1.05–1.25)

831

0.15

700

0.09

1.15 (1.03–1.29)

Gonorrhea

21

0.00

33

0.00

2.71 (1.49–5.00)

Chlamydia

194

0.04

136

0.02

1.15 (0.90–1.46)

Syphilis

12

0.00

20

0.00

1.21 (0.55–2.76)

GHS

375

0.07

302

0.04

1.00 (0.84–1.18)

Acute salpingitis 3569 0.66

3540 0.43

1.09 (0.95–1.27)b

HIV

21

0.00

96

0.01

2.36 (1.46–3.99)

HBV

84

0.02

161

0.02

1.41 (1.06–1.89)

Notes:
The first hospital visit concerning an STI diagnosis before bereavement and
the first hospital visit concerning an STI diagnosis after bereavement were
both counted in all analyses
CI confidence interval, GHS genital herpes simplex, HBV hepatitis B virus, HIV
human immunodeficiency virus, IR incidence rate, IRR incidence rate ratio,
N number; PYs, person-years
IRR was adjusted for attained age (10–12, 13–15, 16–18, 19–21, 22–25, 26–29,
30–34, 35–39, and 40–44), calendar years (5-year group), and parental
education levels (low/missing, medium, and high) as a proxy for
socioeconomic status
a
Any hospital contact for condyloma was further complemented by
prescription claim
b
Negative binomial regression was used instead due to over-dispersed
Poisson regression

Apart from a null association between bereavement
and any STI among women with preexisting psychiatric
disorders, a positive association was noted for acute
salpingitis and HIV/HBV, regardless of history of psychiatric disorders (Table 4). Similar result patterns were
also noted for substance abuse (Table 4).
Bereaved women with a subsequent psychiatric disorder after bereavement had further increased risks of
any STI, compared to bereaved women without psychiatric disorders after bereavement (Table 5). Similarly,
more pronounced associations were noted among women
with a subsequent diagnosis of substance abuse (Table 5).
Positive associations of any STI and condyloma were
also suggested when only vaccinated women were analyzed, although not statistically significant (Table 6).
Similar results were noted when the first three months
of follow-up were excluded in this analysis (Additional
file 1: Table S3).

Discussion
In this population-based cohort study, we found that
bereavement, a severely stressful life event, was associated with increased risks of almost all studied STIs
among young and middle aged women. The highest risk
elevation was noted soon after bereavement and among
women with subsequent psychiatric disorders after
bereavement. Bereaved women were also more likely to
develop acute salpingitis, a severe complication of bacterial STIs.
Sexual risk behavior has been shown to increase
among parentally bereaved youth in some [24] but not
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Table 3 Inpatient hospital contact of Sexually Transmitted Infections (STIs), by causes, types, and recentness of bereavement
Any STI

Acute salpingitis

HIV/HBV
a

N

IRR (95 % CI)

N

IRR (95 % CI)

N

IRR (95 % CI)

5903

1.0

11361

1.0

555

1.0

Loss of a child

26

1.05 (0.69–1.51)

119

1.35 (1.03–1.76)

8

2.24 (1.01–4.22)

Loss of a spouse

28

1.81 (1.21–2.57)

94

1.48 (1.11–1.98)

18

6.88 (4.11–10.8)

Loss of a parent

924

1.13 (1.04–1.21)

2779

1.25 (1.10–1.42)

194

1.67 (1.39–2.00)

Loss of a sibling

210

1.24 (1.08–1.42)

548

1.41 (1.21–1.65)

37

1.83 (1.28–2.52)

Due to self-harm

160

1.16 (0.99–1.35)

510

1.54 (1.31–1.80)

42

2.49 (1.78–3.37)

Due to other injury

92

1.21 (0.98–1.48)

251

1.38 (1.14–1.66)

26

2.75 (1.80–4.00)

Due to cancer

314

1.09 (0.97–1.23)

935

1.18 (1.02–1.36)

59

1.36 (1.02–1.79)

Due to non-cancer diseases

622

1.18 (1.08–1.29)

1844

1.31 (1.15–1.50)

130

1.73 (1.40–2.12)

First year

262

1.45 (1.27–1.65)

699

1.49 (1.25–1.79)

23

1.57 (0.99–2.37)

2–4 years

564

1.08 (0.98–1.18)

1628

1.16 (1.00–1.34)

74

1.70 (1.30–2.19)

≥ 5 years

362

1.07 (0.96–1.20)

1217

1.30 (1.13–1.51)

160

1.85 (1.51–2.25)

No bereavement
Type of bereavement

Cause of bereavement

Time since bereavement

Notes:
The first hospital visit concerning an STI diagnosis during the unexposed follow-up and the first hospital visit concerning an STI diagnosis during the exposed
follow-up were both counted in all analyses
CI confidence interval, HBV hepatitis B virus, HIV human immunodeficiency virus, IRR incidence rate ratio, N number, STIs sexually transmitted infections
IRR was adjusted for attained age (10–12, 13–15, 16–18, 19–21, 22–25, 26–29, 30–34, 35–39, and 40–44), calendar years (5-year group), and parental education
levels (low/missing, medium, and high) as a proxy for socioeconomic status
a
Negative binomial regression was used due to over-dispersed Poisson regression

all [25] studies. In contrast, an elevated risk of depression and substance abuse has been more consistently
demonstrated among bereaved adults [26, 27] as well as
parentally bereaved youth [28–30]. Increased sexual risk
behavior has further been noted among patients with
depression, including for example lower rates of contraceptive use [23, 31, 32]. Similarly, substance abuse has
also been shown to correlate with sexual risk behavior
[33]. Therefore, a possible link between bereavement
and STIs might be posited, through altered sexual risk
behaviors, either as a direct result of bereavement or
secondary to psychiatric conditions consequent to bereavement. Such a link is supported by our finding that,
as opposed to a loss of a child, sibling or parent, a
slightly higher risk of any STI, and a considerably higher
risk of HIV/HBV infection, was detected among women
that had lost a spouse - a loss much more likely to lead
to a change of sexual partner.
In the present study we observed a higher risk of STIs
among bereaved women, regardless of whether or not
they were treated in a hospital for psychiatric disorders,
including substance abuse, after bereavement, suggesting
that clinically diagnosed psychiatric disorders subsequent to bereavement might not be the only underlying
pathways for the link of bereavement with STIs. However, since the risk increase was significantly higher
among bereaved women with subsequent psychiatric

disorders, these conditions appear to be important mediators of the studied association. Studies addressing specific behavior changes after bereavement are warranted
to further elucidate these pathways.
In addition to the possible behavioral changes after
bereavement, a direct biological impact of bereavement
on immune modulation is also plausible [34, 35]. Little
data is however available in this regard in terms of STIs.
Animal studies have suggested that stress may increase
susceptibility to chlamydia [36], and immunosuppression
may increase the risk of chlamydia causing salpingitis
[37]. Interestingly, the most consistent risk increase after
bereavement noted in our study was for acute salpingitis,
a severe complication of bacterial STIs. We also found a
tendency toward an increased risk of condyloma among
women after bereavement, even after HPV vaccination.
This could potentially be explained by altered immune
modulation after bereavement, leading to a suboptimal
vaccine efficacy, or a higher risk of reactivation of prevaccination acquired infections. Taken together, our findings might imply that bereavement does not only impact
the risk of primary infections through increased exposure
and susceptibility, but also induce immunological changes
affecting the clearing of the infection, leading to altered
risk for complications of the acquired infections.
In previous studies we found an increased risk of cervical cancer in women who had lost a child during

Any STI

Acute salpingitis

HIV/HBV

No bereavement

Bereavement

IRR (95 % CI)

No bereavement

Bereavement

IRR (95 % CI)

10 to 18 years

1181

71

1.15 (0.90–1.45)

1999

163

19 to 29 years

3709

494

1.15 (1.04–1.26)

5785

30 to 44 years

1013

623

1.18 (1.06–1.31)

3577

a

No Bereavement

Bereavement

IRR (95 % CI)

1.46 (1.24–1.71)

89

6

1.44 (0.56–3.05)

898

1.18 (1.08–1.28)

243

56

1.98 (1.46–2.65)

2479

1.19 (1.07–1.33)

223

195

1.73 (1.41–2.12)

Age at follow-up
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Table 4 Inpatient hospital contact for Sexually Transmitted Infections (STIs), by age, calendar period, parental education level, and psychiatric history

Calendar period of follow-up
1987 – 2000

4549

980

1.15 (1.06–1.24)

10291

3101

1.24 (1.08–1.42)

292

148

1.65 (1.32–2.05)

2001 – 2012

1354

208

1.19 (1.02–1.39)

1070

439

1.28 (1.13–1.44)

263

109

1.98 (1.54–2.53)

Parental education level
Low/ Missing

1208

598

1.18 (1.06–1.31)

3173

2063

1.24 (1.00–1.54)

125

125

1.79 (1.37–2.34)

Middle

3002

428

1.15 (1.03–1.27)

5700

1151

1.32 (1.09–1.59)

260

99

2.03 (1.58–2.59)

High

1693

162

1.17 (0.99–1.38)

2488

326

1.25 (1.02–1.54)

170

33

1.48 (0.99–2.17)

History of psychiatric disorders
No

5353

1121

1.19 (1.11–1.28)

10595

3318

1.28 (1.13–1.45)

352

174

2.08 (1.70–2.56)

Yes

550

67

0.88 (0.67–1.15)

766

222

1.26 (1.01–1.58)

203

83

1.95 (1.46–2.58)

History of substance abuse
No

5827

1178

1.18 (1.10–1.26)

11253

3502

1.17 (1.13–1.22)

408

206

2.14 (1.77–2.59)

Yes

76

10

0.78 (0.36–1.51)

108

38

1.14 (0.75–1.69)

147

51

1.36 (0.95–1.92)

Notes:
The first hospital visit concerning an STI diagnosis during the unexposed follow-up and the first hospital visit concerning an STI diagnosis during the exposed follow-up were both counted in all analyses
CI confidence interval, HBV hepatitis B virus, HIV human immunodeficiency virus, IRR incidence rate ratio, N number, STIs sexually transmitted infections
IRR was adjusted for attained age (10–12, 13–15, 16–18, 19–21, 22–25, 26–29, 30–34, 35–39, and 40–44), calendar years (5-year group), and parental education levels (low/missing, medium, and high) as a proxy for
socioeconomic status
a
Negative binomial regression was used due to over-dispersed Poisson regression
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Table 5 Inpatient hospital contact of Sexually Transmitted Infections (STIs), by subsequent psychiatric disorders or substance abuse
after bereavement
Any STI
No bereavement

Acute salpingitis

HIV & HBV
a

N

IRR (95 % CI)

N

IRR (95 % CI)

N

IRR (95 % CI)

5903

1.0

11361

1.0

555

1.0

Newly diagnosed psychiatric disorder after bereavement
No

1047

1.07 (1.00–1.15)

3202

1.21 (1.07–1.37)

113

0.85 (0.68–1.05)

Yes

74

2.95 (2.32–3.69)

116

2.09 (1.65–2.62)

61

12.0 (9.00–15.7)

Newly diagnosed substance abuse after bereavement
No

1160

1.14 (1.06–1.21)

3472

1.26 (1.11–1.42)

150

1.06 (0.87–1.29)

Yes

18

5.12 (3.10–7.87)

30

3.56 (2.36–5.16)

56

76.5 (56.9–100.93)

Notes:
Bereaved women with preexisting psychiatric disorders were excluded from this analysis
The first hospital visit concerning an STI diagnosis during the unexposed follow-up and the first hospital visit concerning an STI diagnosis during the exposed
follow-up were both counted in all analyses
CI confidence interval, HBV hepatitis B virus, HIV human immunodeficiency virus, IRR incidence rate ratio, N number
IRR was adjusted for attained age (10–12, 13–15, 16–18, 19–21, 22–25, 26–29, 30–34, 35–39, and 40–44), calendar years (5-year group), and parental education
levels (low/missing, medium, and high) as a proxy for socioeconomic status
a
Negative binomial regression was used due to over-dispersed Poisson regression

adulthood, as well as among women who had lost a
parent during childhood [11, 12], potentially mediated
through oncologic infections of HPV [13]. The present
study lends further support to the potential pathways
linking bereavement and cervical cancer, by demonstrating that the risks of STIs and their complications were
higher among bereaved women. Hence, increased risk of
primary infection together with impaired clearing of
acquired infections, may work hand-in-hand to increase
the risk of severe complications of STIs, potentially also
including cervical cancer.
It is plausible that similar risk factors might lead to bereavement in early to mid-life and a higher risk of STIs.
To address this concern, we adjusted for, and stratified
by, several known risk factors for STIs in our analyses,
such as age, socioeconomic status, and preexisting psychiatric disorders. Residual confounding could still exist
since parental educational level might not be a perfect
proxy for the women’s socioeconomic status at early to

mid-life. In a sensitivity analysis, we restricted the analysis among bereaved women only and compared the
risk of STIs before and after bereavement. Even though
this comparison had the inert disadvantage of having
younger person-years and therefore a higher risk of STIs
in the pre-bereavement period, compared to the postbereavement period, bereavement was still associated
with a higher risk of STIs. Comparing different time periods of the same women would largely argue against
the possibility that our findings are solely explained by
unmeasured confounding.
Since STIs were mainly retrieved from the Patient
Register, not including patient visits to the general practitioners, maternity care clinics, and some youth clinics,
our definition of STIs was not sensitive. This concern
might be alleviated to some extent provided with the
findings of condyloma where we used information from
inpatient and outpatient hospital contacts as well as
through prescription of condyloma medications – a

Table 6 Hospital contact of Sexually Transmitted Infections (STIs) after bereavement, among HPV vaccinated women
No bereavement

Bereavement

N

Crude IR (1000 PYs)

IRR (95 % CI)

N

Crude IR (1000 PYs)

IRR (95 % CI)

Condyloma

1101

2.03

1.0

12

3.61

1.32 (0.71–2.23)

Any STI

2566

4.73

1.0

23

6.91

1.05 (0.68–1.55)

Condyloma

584

1.59

1.0

8

3.60

1.86 (0.85–3.50)

Any STI

1696

4.62

1.0

16

7.19

1.27 (0.74–2.00)

Ever vaccinated

Fully vaccinated

Notes:
The first hospital visit concerning an STI diagnosis during the unexposed follow-up and the first hospital visit concerning an STI diagnosis during the exposed
follow-up were both counted in all analyses
CI confidence interval, IR incidence rate, IRR incidence rate ratio, N number, PYs person-years, STIs sexually transmitted infections
IRR was adjusted for attained age (10–18 and 19–44), calendar years (5-year group), and parental education levels (low/missing, medium, and high) as a proxy for
socioeconomic status
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definition with largely improved sensitivity [38] - and reassuringly found still an increased risk, although of
smaller magnitude, after bereavement. In line with the
clearer association of bereavement with inpatient care of
STIs compared to any hospital care for STIs, the overall
weaker association noticed for the comprehensive definition of condyloma compared to inpatient care-alone
condyloma was expected. This observation should first
argue against a pure explanation of altered healthcare
seeking behavior among bereaved women leading to an
increased detection of STIs, assuming that STIs in need
of inpatient care are less prone to diagnostic bias. This
observation might further indicate a specific impact of
bereavement on severer cases of STIs compared to other
cases. Such a possibility was further supported by findings
on acute salpingitis which is more exclusively diagnosed
and treated in hospital-based inpatient or emergency
outpatient care, and was therefore more completely ascertained using our register-based definition.
Since the Patient Register has limited information
about the clinical characteristics of the STI diagnoses,
whether or not the association of bereavement with STIs
would differ for new infection, persistent infection, and
recurrence of previous infection needs to be investigated.
In a previous study, we showed that bereavement was
associated with infection of human papilloma virus
(HPV), especially high viral load infection and recurrent
infection [13].
Another limitation of the present study concerns the
definition of psychiatric disorders, especially among the
bereaved women. Since we identified only psychiatric
disorders diagnosed through inpatient or outpatient
care, whether or not the increased risk of STIs noted
among bereaved women without subsequent psychiatric
disorders was due to milder psychiatric conditions or
symptoms not yet attended by specialist care needs to be
further examined.
Since we identified spouses of the study women
through a common child, women in childless marriages
would have been classified as unexposed even if they did
lose their spouses. Similarly, since we had no information on whether a woman resided with the father of her
children, the impact of loss of a spouse would differ for
different women according to whether or not they were
living with the father of her children. These would however most likely have led to an underestimate of the real
impact of loss of a spouse on STIs.
Lastly, residual confounding might still exist, even
though multiple potential confounders have been adjusted for, such as age, calendar periods, and parental
education level.
The strengths of the present study include the large
sample size, the nationwide study design, the long and
complete follow-up, as well as the prospectively and

Page 9 of 11

independently collected information on the exposure
and outcomes.
This study contributes to the growing body of knowledge on how stressful life events affect our health.
While the importance of counseling grieving family
members to be mindful of their health might seem obvious, there is still a lot to be done. Our study indicates
that sexual risk behavior should especially be taken into
account when counseling adolescents who have lost a
family member, especially those youth who develop psychiatric disorders at the wake of their loss.

Conclusions
Women who have lost a close relative are at increased
risk of STIs. Bereaved women with subsequent psychiatric disorders may be at particularly high risk.
Additional file
Additional file 1: Table S1. Swedish revisions of the international
classification of diseases (ICD) codes for sexually transmitted infections.
List of the ICD-9 and ICD-10 codes used to identify diagnosis of sexually
transmitted infections. Table S2. Characteristics of women with or without
bereavement. Description of parental educations levels, preexisting
psychiatric disorders, and mean age, of the women in the cohort who had,
or had not, experienced bereavement. Table S3. Hospital contact for
sexually transmitted infections (STIs) after bereavement, among HPV
vaccinated women. Analysis of STIs after bereavement, only including
women who had received HPV vaccination. (DOCX 20 kb)
Abbreviations
ATC, anatomical therapeutic chemical; CI, confidence interval; GHS, genital
herpes simplex; HBV, hepatitis B; HIV, human immunodeficiency virus; HPV,
human papillomavirus; ICD, international classification of diseases; IRR,
incidence rate ratio; MGR, multi-generation register; STI, sexually transmitted
infections
Acknowledgements
We thank Pouran Almstedt for database management.
Funding
The study was partly supported by the Swedish Cancer Society (Grant No.
CAN 2014/417), the Swedish Society for Medical Research and the Karolinska
Institutet. The funding bodies had no direct part in the design of this
project, nor in the collection, analysis and interpretation of data, or the
writing process.
Availability of data and materials
The summary of data included in different registers used in the present
study can be found on the homepages of the Swedish National Board of
Health and Welfare (http://www.socialstyrelsen.se/register) as well as the
Statistics Sweden (http://www.scb.se/sv_/Vara-tjanster/Bestalla-mikrodata/
Vilka-mikrodata-finns/Individregister//). The authors confirm that, for
approved reasons, some access restrictions apply to the data underlying the
findings. The data used in this study are owned by the Swedish National
Board of Health and Welfare and Statistics Sweden. According to Swedish
law, the authors are not able to make the dataset publicly available.
Any researchers (including international researchers) interested in obtaining
the data can do so by the following steps: 1) apply for ethical approval from
their local ethical review boards; 2) contact the Swedish National Board of
Health and Welfare and/or Statistics Sweden with the ethical approval and
make a formal application of use of the registry data. Contact emails for
request of register data: Swedish National Board of Health and Welfare:
registerservice@socialstyrelsen.se, Statistics Sweden: Mikrodata.individ@scb.se.

Bond et al. BMC Infectious Diseases (2016) 16:419

Please visit http://www.socialstyrelsen.se/register/bestalladatastatistik/
bestallaindividuppgifterforforskningsandamal (the Swedish National Board of
Health and Welfare) and http://www.scb.se/sv_/Vara-tjanster/Bestalla-mikrodata/
(the Statistics Sweden) for detailed information about how to apply for access
to registry data for research purposes.
Authors’ contributions
EB and DL designed the study, collected and analyzed the data, and wrote
the manuscript. EH collected and analyzed data. KS, UV, KF, LAD and PS
aided in the design of the study and analysis of data. FF designed the study
and analyzed data. All authors contributed to interpretation of data and
critical revision of the manuscript. All authors read and approved the final
manuscript.
Authors’ information
E.B. MD, PhD, D.L., MD, E.H. PhD, K.S. MD, PhD, K.F. MD, PhD, L.A.D. PhD, Prof
P.S. PhD, Prof U.V. PhD, F.F. M.D. PhD.
Competing interests
Dr. Sundström reports having received grants from Merck and Co, for
register-based follow-up studies on HPV vaccination in Sweden.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The Central Ethical Review Board in Stockholm, Sweden, granted ethical
approval for this study. Informed consent from study participants was not
required.
Author details
1
Department of Medical Epidemiology and Biostatistics, Karolinska Institutet,
Nobels väg 12A, Box 281, Stockholm 17177, Sweden. 2Department of
Laboratory Medicine, Karolinska Institutet, H5, Division of Pathology,
Karolinska Universitetssjukhuset Huddinge, Stockholm 14186, Sweden.
3
Center of Public Health Sciences, Faculty of Medicine, University of Iceland,
Stapi v/Hringbraut, 101 Reykjavik, Iceland. 4Department of Epidemiology,
Harvard School of Public Health, 677 Huntington Avenue, Boston, MA 02115,
USA. 5Clinical Epidemiology and Biostatistics, School of Medical Sciences,
Örebro University, Örebro, Sweden.
Received: 22 April 2016 Accepted: 11 July 2016

References
1. Schneiderman N, Ironson G, Siegel SD. Stress and health: psychological,
behavioral, and biological determinants. Annu Rev Clin Psychol.
2005;1:607–28.
2. Glaser R, Kiecolt-Glaser JK. Stress-induced immune dysfunction: implications
for health. Nat Rev Immunol. 2005;5(3):243–51.
3. Rozlog LA, Kiecolt-Glaser JK, Marucha PT, Sheridan JF, Glaser R. Stress and
immunity: implications for viral disease and wound healing. J Periodontol.
1999;70(7):786–92.
4. Cohen S, Williamson GM. Stress and infectious disease in humans. Psychol
Bull. 1991;109(1):5–24.
5. Chida Y, Mao X. Does psychosocial stress predict symptomatic herpes
simplex virus recurrence? A meta-analytic investigation on prospective
studies. Brain Behav Immun. 2009;23(7):917–25.
6. Chida Y, Vedhara K. Adverse psychosocial factors predict poorer prognosis
in HIV disease: a meta-analytic review of prospective investigations.
Brain Behav Immun. 2009;23(4):434–45.
7. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah KV,
Snijders PJ, Peto J, Meijer CJ, Munoz N. Human papillomavirus is a necessary
cause of invasive cervical cancer worldwide. J Pathol. 1999;189(1):12–9.
8. Parkin DM, Bray F. Chapter 2: The burden of HPV-related cancers. Vaccine.
2006;24 Suppl 3:S3/11–25.
9. McGee R. Does stress cause cancer? There’s no good evidence of a relation
between stressful events and cancer. BMJ. 1999;319(7216):1015–6.
10. Janerich DT. Can stress cause cancer? Am J Public Health. 1991;81(6):687–8.

Page 10 of 11

11. Fang F, Fall K, Sparen P, Adami HO, Valdimarsdottir HB, Lambe M,
Valdimarsdottir U. Risk of infection-related cancers after the loss of a child: a
follow-up study in Sweden. Cancer Res. 2011;71(1):116–22.
12. Kennedy B, Valdimarsdottir U, Sundstrom K, Sparen P, Lambe M, Fall K,
Fang F. Loss of a parent and the risk of cancer in early life: a nationwide
cohort study. Cancer Causes Control. 2014;25(4):499–506.
13. Lu D, Sundstrom K, Sparen P, Fall K, Sjolander A, Dillner J, Helm NY,
Adami HO, Valdimarsdottir U, Fang F. Bereavement Is Associated with an
Increased Risk of HPV Infection and Cervical Cancer: An Epidemiological
Study in Sweden. Cancer Res. 2016;76(3):643–51.
14. Ekbom A. The Swedish Multi-generation Register. Methods Mol Biol.
2011;675:215–20.
15. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C,
Heurgren M, Olausson PO. External review and validation of the Swedish
national inpatient register. BMC Public Health. 2011;11:450.
16. Leval A, Herweijer E, Ploner A, Eloranta S, Fridman Simard J, Dillner J,
Young C, Netterlid E, Sparen P, Arnheim-Dahlstrom L. Quadrivalent human
papillomavirus vaccine effectiveness: a Swedish national cohort study.
J Natl Cancer Inst. 2013;105(7):469–74.
17. Herweijer E, Leval A, Ploner A, Eloranta S, Simard JF, Dillner J, Netterlid E,
Sparen P, Arnheim-Dahlstrom L. Association of varying number of doses of
quadrivalent human papillomavirus vaccine with incidence of condyloma.
JAMA. 2014;311(6):597–603.
18. Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad Olausson P,
Bergman U, Persson I, Sundstrom A, Westerholm B, Rosen M. The new
Swedish Prescribed Drug Register–opportunities for
pharmacoepidemiological research and experience from the first six
months. Pharmacoepidemiol Drug Saf. 2007;16(7):726–35.
19. Ross JD. Pelvic inflammatory disease. BMJ Clin Evid. 2013;2013:1-28.
20. Bjartling C, Osser S, Persson K. The frequency of salpingitis and ectopic
pregnancy as epidemiologic markers of Chlamydia trachomatis.
Acta Obstet Gynecol Scand. 2000;79(2):123–8.
21. Wiley DJ, Douglas J, Beutner K, Cox T, Fife K, Moscicki AB, Fukumoto L.
External genital warts: diagnosis, treatment, and prevention. Clin Infect Dis.
2002;35 Suppl 2:S210–24.
22. Meade CS, Sikkema KJ. HIV risk behavior among adults with severe mental
illness: a systematic review. Clin Psychol Rev. 2005;25(4):433–57.
23. Lehrer JA, Shrier LA, Gortmaker S, Buka S. Depressive symptoms as a
longitudinal predictor of sexual risk behaviors among US middle and high
school students. Pediatrics. 2006;118(1):189–200.
24. Hamdan S, Mazariegos D, Melhem NM, Porta G, Payne MW, Brent DA.
Effect of parental bereavement on health risk behaviors in youth: a 3-year
follow-up. Arch Pediatr Adolesc Med. 2012;166(3):216–23.
25. Muniz-Cohen M, Melhem NM, Brent DA. Health risk behaviors in parentally
bereaved youth. Arch Pediatr Adolesc Med. 2010;164(7):621–4.
26. Stroebe M, Schut H, Stroebe W. Health outcomes of bereavement. Lancet.
2007;370(9603):1960–73.
27. Pilling J, Thege BK, Demetrovics Z, Kopp MS. Alcohol use in the first three
years of bereavement: a national representative survey. Subst Abuse Treat
Prev Policy. 2012;7:3.
28. Brent D, Melhem N, Donohoe MB, Walker M. The incidence and
course of depression in bereaved youth 21 months after the loss of a
parent to suicide, accident, or sudden natural death. Am J Psychiatry. 2009;
166(7):786–94.
29. Bylund Grenklo T, Kreicbergs U, Hauksdottir A, Valdimarsdottir UA, Nyberg T,
Steineck G, Furst CJ. Self-injury in teenagers who lost a parent to cancer: a
nationwide, population-based, long-term follow-up. JAMA Pediatr.
2013;167(2):133–40.
30. Hamdan S, Melhem NM, Porta G, Song MS, Brent DA. Alcohol and
substance abuse in parentally bereaved youth. J Clin Psychiatry.
2013;74(8):828–33.
31. Hall KS, Moreau C, Trussell J, Barber J. Role of young women’s depression
and stress symptoms in their weekly use and nonuse of contraceptive
methods. J Adolesc Health. 2013;53(2):241–8.
32. Stidham Hall K, Moreau C, Trussell J, Barber J. Young women’s consistency
of contraceptive use–does depression or stress matter? Contraception.
2013;88(5):641–9.
33. Keenan K, Grundy E, Kenward MG, Leon DA. Women’s risk of repeat
abortions is strongly associated with alcohol consumption: a longitudinal
analysis of a Russian national panel study, 1994–2009. PLoS ONE.
2014;9(3):e90356.

Bond et al. BMC Infectious Diseases (2016) 16:419

Page 11 of 11

34. Bartrop RW, Luckhurst E, Lazarus L, Kiloh LG, Penny R. Depressed
lymphocyte function after bereavement. Lancet. 1977;1(8016):834–6.
35. Gerra G, Monti D, Panerai AE, Sacerdote P, Anderlini R, Avanzini P,
Zaimovic A, Brambilla F, Franceschi C. Long-term immune-endocrine effects
of bereavement: relationships with anxiety levels and mood. Psychiatry Res.
2003;121(2):145–58.
36. Belay T, Woart A. Cold-induced stress increases the intensity of Chlamydia
genital infection in mice. J Microbiol Immunol Infect. 2013;46(5):330–7.
37. White HJ, Rank RG, Soloff BL, Barron AL. Experimental chlamydial salpingitis
in immunosuppressed guinea pigs infected in the genital tract with the
agent of guinea pig inclusion conjunctivitis. Infect Immun. 1979;26(2):728–35.
38. Leval A, Herweijer E, Arnheim-Dahlstrom L, Walum H, Frans E, Sparen P,
Simard JF. Incidence of Genital Warts in Sweden Before and After
Quadrivalent Human Papillomavirus Vaccine Availability. J Infect Dis.
2012;206(6):860–6.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

