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ABSTRACT
Objective: Recent studies have suggested that stress
in a pregnant mother may affect the future health of
the unborn child negatively. An excellent proxy for
health problems is the use of healthcare resources.
Using nationwide data, we examined whether persons
born to mothers who lost a close relative during
pregnancy have more contacts to general practice.
Design: Population-based cohort study.
Setting: Denmark.
Participants: We included all children born in
Denmark from 1973 to 2002 (N=2 032 528). Exposure
of prenatal stress was defined as maternal bereavement
by the death of a close relative during the antenatal
period. The outcome of interest was contact with
general practice between 2003 and 2009 when the
participants were between 1 and 35 years of age.
Poisson regression was used to assess the association
between exposure and outcome.
Outcome measures: Contacts to general practitioner.
Results: Overall, persons exposed to prenatal stress
had 2% more GP contacts than those not exposed,
primarily due to increased utilisation of healthcare
services during late adolescence and early adulthood.
The exposed persons born to mothers who had lost a
spouse had a higher risk (relative risk (RR) 1.12, 95%
CI 1.10 to 1.14) and so did those born to mothers
who had lost a close relative due to unexpected death
(RR 1.06, 95% CI 1.05 to 1.06). Exposed persons had
more contacts to general practice in daytime and more
psychometric tests, talk therapies and C reactive
protein tests than unexposed persons.
Conclusions: Prenatal stress following maternal
bereavement was associated with a slightly increased
utilisation of primary healthcare, mainly due to
increased healthcare needs related to mental health and
infections. Understanding how stress during pregnancy
influences the future health of the child is an important
aspect of prenatal care.

INTRODUCTION
A growing body of evidence suggests that
exposure to environmental risk factors in
fetal life plays a significant role in future

health.1 Major life events during pregnancy
may cause stress reactions that affect the
development of the unborn child2 3 and lead
to ill health. Recent studies have shown that
prenatal stress can be associated with more
hospital admissions in the offspring later in
life due to mental and physical disease.4 5

However, most diseases are diagnosed and
treated in primary healthcare, which makes
health service utilisation in general practice
an important proxy for mental and physical
health. Yet no studies have addressed how
prenatal stress affects the utilisation of
general practice services later in life.
Danish general practice provides tax-

financed comprehensive and continuous
medical care to registered patients.6 A total
of 99% of the Danish population is regis-
tered with a general practice.7 General prac-
titioners (GPs) are freely accessible and serve
as gatekeepers to the rest of the healthcare
system.7 Except during emergencies, GPs are
contacted if a person needs medical advice.
In this way, studying Danish general practice
can provide a detailed and complete descrip-
tion of a population’s health status.
We used maternal bereavement during pre-

natal life as an indicator of prenatal stress as

Strengths and limitation of this study

▪ This is the first large population-based cohort
study to examine the association between pre-
natal stress and primary healthcare use, with vir-
tually complete follow-up and no recall and
selection bias. Furthermore, through linkage to
other national registers, we were able to adjust
for a number of potential confounders applying
to both children and their mothers.

▪ The limitation of the study is that we have no
data on changes in the mothers’ glucocorticoid
levels following bereavement, which is needed to
examine dose–response patterns.
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bereavement is likely to cause stress regardless of one’s
coping mechanisms.8 In a large population-based cohort
study, we examined the associations between maternal
bereavement during pregnancy and the offspring’s use
of primary healthcare up to 35 years of age. We
expected that the association would be stronger if the
mothers experienced bereavement due to sudden and
unexpected causes of death rather than other causes of
death.9 10 We also expected that the death of another
child in the family during pregnancy would affect the
association more than the loss of a spouse or another
relative.11

METHODS
Study population, exposure and follow-up
The unique personal identification number assigned to
all citizens in Denmark permits accurate linkage of data
between national registers,12 and this population-based
cohort study was based on data from several national
registers in Denmark: the CPR registry, the Medical
Birth Register (MBR), the Integrated Database for
Longitudinal Labour Market Research (IDA) and the
Danish National Health Insurance Service Registry
(NHSR).13 The cohort included all persons born in
Denmark from 1973 to 2002 (N=2 032 528). Those who
had emigrated or died before 2003 were excluded from
the cohort (N=164 977). We also excluded persons
(N=47) who had visited their GP an unreasonable
number of times in a year (more than 100 times). The
final study population included 1 867 504 persons.
We categorised children as having been exposed to

stress during prenatal life if their mothers had lost a
child, a spouse, a sibling or a parent during their preg-
nancies or up to 1 year before conception (defined by
gestational age). The remaining children were allocated
to the unexposed cohort. Cohort members were fol-
lowed from 1 January 2003 to 31 December 2009. To
examine whether the associations were modified by type
of experienced stress, we first categorised the exposed
children into three groups based on maternal bereave-
ment according to the mother’s relation to the deceased
relative: (1) loss of a spouse, (2) loss of a child and (3)
loss of a parent or sibling. We further categorised the
exposed children into two groups according to cause of
death of the deceased relative: (1) unexpected/trau-
matic death including suicide and accidents
(International Classification of Diseases Eighth Edition
ICD-8 codes: 795, 810–823, 950–959, 800–807, 825–949,
960–999; ICD-10 codes: R95-R98,V01-V89,X60-X84) and
(2) death by other causes.

Outcome measurements
We were interested in the overall use of general practice
and specific procedures, in relation to mental and phys-
ical health. Danish general practice is fully computerised
with computer-based patient records and submission of
prescriptions digitally to pharmacies, etc.6 GPs are

remunerated on a combination of capitation and
fee-for-service (25/75%). The GP therefore registers
every specific contact and procedure in order to receive
payment for services provided. The registration is col-
lected electronically for administration in the National
Health Services Register (NHSR) and is thus very com-
plete and valid.6 Information on healthcare utilisation
was obtained from the NHSR for exposed and unex-
posed persons. The NHSR provided data on consulta-
tions in daytime and out-of-hours (OOH) and on
diagnostic tests performed during the daytime.14

The main outcome of interest was the number of all GP
visits per person year, the number of visits in daytime (time
code ‘1’) and the number of visits out of office hours
(Time codes ‘8, 9’). We also studied face-to-face contacts
alone (activity code 0101) and telephone consultations
alone (activity code 0201). We also examined the reasons
for contacts as we wanted to know whether prenatal stress
led to differences in GP visits in types of treatment or man-
agement. For example, to measure activities related to phys-
ical health, we assessed taking a blood test (activity codes
2601, 2101), photometry test-B-haemoglobin (activity code
7108), CRP test (activity code 7120), spirometry/peakflow
(activity codes 7113,7121,7183), ECG (7156) and urinary
stix (activity code 7101). Measures of mental health activity
were talk therapy/counselling (activity code 6101) and psy-
chometric test (activity code 2149). Biological measure-
ments (activity codes 2601, 2101, 7108, 7120, 7113, 7121,
7183, 7156, 7101) and psychometric activities (activity
codes 6101, 2149) were merged together into two separate
groups.14

Covariates
Baseline characteristics were retrieved from registers in
the child’s birth year.
Perinatal factors (gestational age, birth weight, sibling

order, Apgar score at 5 min) were retrieved from the
MBR.15 The MBR was established in 1968 and has been
computerised since 1973. It holds data on all live births
and stillbirths in Denmark, including characteristics of
the mother and the newborn child, and variables with
regard to pregnancy and delivery. Baseline sociodemo-
graphic factors were obtained from IDA, which contains
longitudinal information on demographic variables and
socioeconomic data from 1980 onwards.16

Statistical analysis
All data handling and statistical analyses were performed
with the SAS V.9.2 statistical software package (SAS
Institute, Inc, Cary, North Carolina, USA). Follow-up
started from 2003 and ended in 2009.
We used Poisson regression model (SAS PROC

PHREG procedure, V.9.1) to estimate relative ratios
(RRs) with a 95% CI to assess the association between
prenatal bereavement and the risk of utilisation of
general practice. The procedure of PROC MEANS was
used to compute the total number of visits to general
practice and the sum of person years for each patient.
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The procedure of PROC GENMOD was employed to
estimate the RRs.
The following potential confounders were included in

the analysis: calendar year (2003–2009), gender (male,
female), age, gestational age (0=‘>37 weeks’, 1=‘less than
37 weeks’), Apgar score at 5 min (0–7, 8–9, 10,
unknown), parity (1, 2, 3, unknown), maternal age
group (<27 years, 27–30 years, 31 years and over) and
maternal education (0–9 years, 10–11 years, 12+ years)
and birthweight (1=‘less than 2500 g’, 0=‘>2500 g’).

RESULTS
The baseline characteristics of the cohorts are presented
in table 1. Exposed children were more likely to have
low birth weight, to be born preterm, to be second or
later in birth order, or to be born to mothers having
lower education. Fewer children born early in the study
period were categorised as exposed because the registra-
tion of grandparents was incomplete.17

Table 2 shows that during follow-up, persons in the
exposed group had 2% more contacts to general prac-
tice (Relative risk (RR) 1.02, 95% CI 1.02 to 1.03) than
persons in the unexposed group. Similar results were
seen for face-to-face contact and telephone consultation.
We found a stronger association between maternal
bereavement and the offsprings RR of subsequent
healthcare utilisation if the mother had lost a spouse
(RR 1.12, 95% CI 1.10 to 1.14) than if she had lost an
older child (RR 1.05, 95% CI 1.05 to 1.06). Persons of
mothers who lost a close relative due to unexpected
death had a higher healthcare utilisation (RR 1.06, 95%
CI 1.05 to 1.06) than persons of mothers who had lost a
relative due to natural death (RR 1.01, 95% CI 1.01 to
1.01; table 3).
The mean annual number of contacts to GPs was the

same for exposed and unexposed persons during child-
hood, but exposed persons tended to have more con-
tacts after reaching early adulthood (figure 1). The
increase in GP service utilisation occurred during

Table 1 Baseline characteristics of the cohorts

1980–2002 1973–2002

Variables

Non-bereaved

N=1 414 287 (97.30%)

Bereaved

N=38 215 (2.70%)

Non-bereaved

N=1 826 806 (97.826%)

Bereaved

N=40 698 (2.18%)

Gender

Male 726 671 (51) 19 439 (51) 942 715 (52) 20 763 (51)

Female 687 614 (49) 18 776 (49) 884 089 (48) 19 935 (49)

Missing 2 (0) 2 (0)

Apgar score at 5 min

10 1 264 861 (89) 36 222 (95) 1 366 773 (75) 37 201 (91)

8–9 32 734 (2) 950 (2) 34 774 (2) 985 (2)

0–7 7073 (1) 234 (1) 7371 (0) 238 (1)

Missing 109 619 (8) 809 (2) 417 888 (23) 2274 (6)

Birth Weight*

≥2500 g 1 245 876 (88) 35 432 (93) 1 295 492 (71) 36 006 (88)

<2500 g 64 623 (5) 2133 (6) 67 151 (4) 2180 (5)

Missing 103 788 (7) 650 (2) 464 163 (25) 2512 (6)

Gestational age*

0=37+ weeks 1 222 362 (86) 34 990 (92) 1 294 836 (71) 35 681 (88)

1=less than 37 weeks 70 316 (5) 2303 (6) 73 720 (4) 2359 (6)

Missing 121 609 (9) 922 (2) 458 250 (25) 2658 (7)

Parity

1 645 886 (46) 14 321 (37) 956 594 (52) 15 024 (37)

2 525 185 (37) 15 270 (40) 616 084 (34) 16 734 (41)

3 234 560 (17) 8621 (23) 242 170 (13) 8932 (22)

Missing 8656 (1) 3 (0) 11 958 (1) 8 (0)

Maternal age, years

<27 495 432 (35) 11 267 (29) 714 820 (39) 12 682 (31)

27–30 439 574 (31) 11 618 (30) 551 663 (30) 12 270 (30)

31 and over 473 560 (33) 15 330 (40) 553 484 (30) 15 746 (39)

Missing 5721 (0) 6839 (0)

Maternal education, years*

0–9 428 202 (30) 12 658 (33) 428 202 (23) 12 658 (31)

10–11 416 669 (29) 12 351 (32) 416 669 (23) 12 351 (30)

12+ 394 823 (28) 11 748 (31) 394 823 (22) 11 748 (29)

Missing 174 593 (12) 1458 (4) 587 112 (32) 3941 (10)

*Data available from 1980.
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daytime but not during OOHs. From adolescence and
early adulthood, psychometric tests and counselling
were more frequent in the exposed group than in the
non-exposed group. In the same age groups, the use of
biological examinations (including blood tests, CRP
tests) was also higher among the exposed than among
the unexposed persons (figure 2).

DISCUSSION
We are the first to observe that prenatal stress following
maternal bereavement is associated with a slightly higher

use of primary healthcare in the offspring during late
adolescence and early adulthood. The association was
stronger if the mother lost her spouse than if she lost
another relative. Sudden death of mothers’ relatives was
associated with a higher risk than other causes of death.
An excess number of visits was found for mental health
problems (talk-therapies, psychometric tests) and for
physical tests (blood tests, ECGs, CRP tests).
A large body of literature has concluded that bereave-

ment is one of the most stressful life events and that it
affects most people regardless of their coping mechan-
isms.18 19 The use of bereavement as an indicator of stress

Table 2 Relative risk of any general practice visit by way of contact

Exposure Type of GP contact Number of visits Person years Adjusted RR* (95% CI)

Bereaved All GP contacts 1 635 761 280 902 1.02 (1.02 to 1.02)

Contacts in office hours 1 453 761 280 902 1.02 (1.02 to 1.02)

Contacts out of hours 181 358 280 902 1.03 (1.02 to 1.03)

Face-to-face contacts 685 094 280 902 1.02 (1.01 to 1.02)

Phone consultation 451 553 280 902 1.02 (1.02 to 1.03)

Non-bereaved 78 178 124 12 465 586 1.00 (ref)

*Adjusted for age, calendar, sex, Apgar score at 5 min, preterm birth, parity, low birth weight, maternal age and maternal education.
GP, general practitioner.

Table 3 Relative risk (RR) of any general practice visit according to type of loss (bereavement)

Type of loss Type of GP contact Number of Visits Person years Adjusted RR* (95% CI)

Non-bereaved All contacts 78 178 124 12 465 586 1.00 (ref)

Bereaved—relationship to the deceased relative

Sibling All contacts 338 235 50 630 1.06 (1.06 to 1.07)

Father All contacts 28 164 3752 1.12 (1.11 to 1.14)

Other All contacts 1 269 362 226 520 1.01 (1.00 to 1.01)

Sibling Contacts in office hours 303 921 50 630 1.05 (1.05 to 1.06)

Father Contacts in office hours 25 271 3752 1.12 (1.10 to 1.14)

Other Contacts in office hours 1 124 569 226 520 1.00 (1.00 to 1.01)

Sibling Contacts out-of-hours 34 219 50 630 1.15 (1.13 to 1.16)

Father Contacts out-of-hours 2889 3752 1.18 (1.13 to 1.24)

Other Contacts out-of-hours 144 250 226 520 1.02 (1.01 to 1.03)

Sibling Face-to-face contacts 137 561 50 630 1.07 (1.06 to 1.07)

Father Face-to-face contacts 11 572 3752 1.13 (1.10 to 1.15)

Other Face-to-face contacts 535 961 226 520 1.00 (1.00 to 1.00)

Sibling Phone consultation 95 612 50 630 1.10 (1.09 to 1.11)

Father Phone consultation 8019 3752 1.13 (1.09 to 1.16)

Other Phone consultation 347 922 226 520 1.01 (1.01 to 1.02)

Bereaved—type of death†

Sudden death All contacts 262 489 42 011 1.06 (1.05 to 1.06)

Other deaths All contacts 1 353 226 235 373 1.01 (1.01 to 1.01)

Sudden death Contacts in office hours 233 219 42 011 1.05 (1.05 to 1.06)

Other deaths Contacts in office hours 1 202 551 235 373 1.01 (1.00 to 1.01)

Sudden death Contacts out-of-hours 42 011 42 011 1.11 (1.10 to 1.13)

Other deaths Contacts out-of-hours 150 121 235 373 1.03 (1.02 to 1.03)

Sudden death Face-to-face contacts 109 286 42 011 1.05 (1.04 to 1.06)

Other deaths Face-to-face contacts 567 144 235 373 1.00 (1.00 to 1.01)

Sudden death Phone consultation 73 049 42 011 1.08 (1.07 to 1.09)

Other deaths Phone consultation 373 081 235 373 1.02 (1.01 to 1.02)

*Adjusted for age, calendar, sex, Apgar scores at 5 min, preterm birth, parity, low birth weight, maternal age and maternal education.
†Sudden death: unexpected/traumatic death, mostly from suicide and accidents.
GP, general practitioner.
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in research therefore seems justified as it provides a good
exposure contrast between exposed and unexposed. We
collected information on bereavement prospectively
without relying on the participants’ memory. The regis-
tration of the day of death is known to be of very high
quality in Danish nationwide registries, and our data on
bereavement from the Danish Civil Registration System
are therefore valid and complete (close to 100%). This
yields accurate information on the exposure in focus.17

The unique nature of the Danish national register data
provides our study with a number of other important
methodological strengths. For example, the study was
based on a large population-based cohort of all children
born in Denmark, and follow-up during the period
2003–2009 was virtually complete.17 Bias due to selection
of study participants and non-response is therefore an
unlikely explanation of our findings. Furthermore,
through linkage to other national registers, we were able
to adjust for a number of potential confounders applying
to children as well as to their mothers.
One limitation of the study is that we have no data on

changes in the mothers’ glucocorticoid levels following
bereavement, which is needed to examine dose–response
patterns. Yet, it is hardly realistic to have a biological meas-
urement in such a large study population. Furthermore,

we have no data on lifestyle factors that could confound
the associations. However, the sociodemographic factors
included in the model will, to some extent, adjust for the
effects of lifestyle factors. Another limitation is the hetero-
geneity of the data on GP contacts and the inclusion of
contacts from all causes, which may prevent us from exam-
ining the associations between prenatal stress and specific
diseases or health problems. However, this was not defined
as the main interest of this study.
The findings support our hypothesis of a possible

dose–response association between cause of death and
stress level. Previous studies have also shown that unex-
pected deaths are more stressful than expected deaths,10

and that the loss of a relative in the nuclear family is
more stressful than the loss of another relative.11

To the best of our knowledge, this is the first
population-based study to examine how prenatal stress is
associated with health service use in later life. Previous
research of health outcomes has focused on birth out-
comes, hospital diagnoses related to physical diseases,4

psychiatric disorders5 20 and social/emotional pro-
blems.21 22 Our findings of increased healthcare utilisa-
tion support the hypothesis of prenatal stress
programming,2 3 23 albeit from a new point of view.
Prenatal stress programming refers to the underlying

Figure 1 Contacts with general practitioner, by type of contact and time of contact.
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biological mechanisms that result from the disruption of
the normal pattern of fetal development by an abnormal
stimulus or insult at a critical time point.24 25 Excessive
glucocorticoid levels following stress in pregnant mothers
can cause dysfunction of the hypothalamopituitary-
adrenocortical (HPA) axis with permanent effects on the
development of a number of body systems in the
fetus,24 25 which may lead to adverse health outcomes in
future life. Strong evidence from animal studies suggests
that maternal stress during pregnancy may significantly
affect the neurodevelopment of the fetus. These animal
studies have recently been followed by a number of
studies in human populations.5 26 27 Confirming these
studies, our findings showed more frequent visits for psy-
chometric tests and counselling in exposed than in unex-
posed persons, particularly from early adulthood
onwards. Our findings of a higher number of blood tests
in general practice among exposed than among unex-
posed persons may lend support to the argument that
prenatal stress might be linked to metabolic syndrome,
obesity risk or cardiovascular diseases.28–30 Lastly, the
more frequent testing of CRP in exposed than in

unexposed persons is also in line with observations in
animal studies that prenatal stress affects immune func-
tion development,31 and in one recent human study that
prenatal stress was associated with more hospitalisations
due to severe infectious diseases.32

Another interesting finding to be mentioned is the
higher risks related to the death of a spouse than another
older child during pregnancy. Little is known about the
effects of spousal loss in pregnancy on the mother herself
or on the offspring, probably because it is a very rare event
and because it is very challenging to obtain data on this
relationship. One recent study has shown that loss of a
spouse during pregnancy is related to substance abuse in
the offspring.33 Our study suggests that the loss of a father
during prenatal life may have more severe consequences
than the loss of other family members on future health.
The underlying reasons for this association is unclear, but
the loss of a father may affect the child’s upbringing, socio-
economic surroundings, parental resources and the
threshold for attending healthcare.34 35

It might not be of very clinical significance, as we only
observed a mildly increased utilisation in health service

Figure 2 Contacts with general practitioner, by reasons of contact.
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use following this specific event of bereavement.
However, it should be noted that bereavement during
pregnancy is only one of many stressful life events and
that it accounts for only a small fraction of the overall
stress level in pregnant mothers. Many other stressful
events could affect women in pregnancy and cause stress
in the unexposed group as well, and an increase in
health service use in later life following prenatal stress
may therefore be anticipated due to other causes. It is
therefore important to recognise the potential effects of
stress at the first step. How the combined maternal psy-
chological stress affects future health service use is war-
ranted to be investigated in future studies. On the other
hand, it remains to be elucidated whether the associa-
tions are different for specific stress exposures, depend-
ing on the treatment and specific disease outcomes.
In conclusion, offspring exposed to prenatal stress uti-

lised general practice more than unexposed offspring,
but only in later adolescence and early adulthood. Our
findings contribute to our understanding of the aeti-
ology of stress-related ill health from the view of disease
programming. Severe stress during prenatal life may pro-
gramme future health in future life, which highlights
the importance of better care in women’s health during
pregnancy.2 3 23 This information should be taken into
account when implementing preventive programmes in
maternal and child health.
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