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Multimorbidity is common and is associated with poor mental health and high mortality. Nevertheless, no studies

have evaluated whether mental health may affect the survival of people with multimorbidity. We investigated the

association between perceived stress and mortality in people with multimorbidity by following a population-

based cohort of 118,410 participants from the Danish National Health Survey 2010 for up to 4 years. Information

on perceived stress and lifestyle was obtained from the survey. We assessed multimorbidity using nationwide reg-

ister data on 39 conditions and identified 4,229 deaths for the 453,648 person-years at risk. Mortality rates rosewith

increasing levels of stress in a dose-response relationship (P-trend < 0.0001), independently of multimorbidity sta-

tus. Mortality hazard ratios (highest stress quintile vs. lowest) were 1.51 (95% confidence interval (CI): 1.25, 1.84)

among persons withoutmultimorbidity, 1.39 (95%CI: 1.18, 1.64) among thosewith 2 or 3 conditions, and 1.43 (95%

CI: 1.18, 1.73) among those with 4 or more conditions, when adjusted for disease severities, lifestyle, and socio-

economic status. The numbers of excess deaths associated with high stress were 69 among persons without multi-

morbidity, 128 among those with 2 or 3 conditions, and 255 among those with 4 or more conditions. Our findings

suggested that perceived stress contributes significantly to higher mortality rates in a dose-response pattern, and

more stress-associated deaths occurred in people with multimorbidity.

chronic disease; comorbidity; longitudinal studies; mental health; mortality; prognosis; stress, psychological

Abbreviations: CI, confidence interval; HR, hazard ratio; PSS, Perceived Stress Scale.

Multimorbidity (2 or more concurrent long-term health
conditions) is common in the general population. The wide-
spread prevalence of multimorbidity is primarily due to the
growing incidence of chronic diseases in an increasingly
aging population (1), and it is currently one of the most sig-
nificant challenges faced by health care providers worldwide
(2, 3). Moreover, a social pattern is seen: Multimorbidity is
substantially more common in areas of socioeconomic depri-
vation, even in younger age groups (4). Multimorbidity is as-
sociated with impaired quality of life (5), increased health-care
utilization (6), and high mortality rates (7).

Cross-sectional studies have shown that multimorbidity is
associated with mental health conditions (4, 8, 9) and that
the risk of depression increases with the number of physical

conditions (10). Mental health conditions influence quality of
life worldwide (11) and have been associated with a wide
range of adverse health outcomes, including higher risk of car-
diovascular events (12), metabolic syndrome (13), and death
(14). An underlying physiological mechanism may explain
the relationship between mental disorders and physical disor-
ders, and neuroendocrine deregulation of the hypothalamic-
pituitary-adrenal axis has been suggested because it may cause
changes in the immune and inflammation system. These pro-
cesses have been conceptualized as allostatic load (15–17),
which may contribute to the development of multimorbidity
and increased risk of chronic physical conditions in patients
with mental health disorders (18, 19). Even subclinical per-
ceived stress has been linked to changes in cortisol levels, the
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immune system response, and cortical reactivity (20–23).
Perceived stress may also lead to undesirable health behavior,
such as a sedentary lifestyle, which might affect the progno-
sis of chronic diseases (24, 25).
Although high perceived stress levels are common in the

Danish population (26) and the combination of perceived
stress andmultimorbiditymay dim the prognosis, to our knowl-
edge no previous studies have investigated this issue. Also,
more prospective studies on multimorbidity are warranted
(27). The purpose of this study was to investigate the associ-
ation between perceived stress and mortality among people
with multimorbidity in a large population-based cohort, which
was followed for 4 years without loss to follow-up, while
considering lifestyle factors, socioeconomic status, and mor-
bidity burden.

METHODS

Study population

We performed a population-based cohort study based on
data from participants in the mail- and Web-based Danish
National Health Survey in 2010 (28). This nationally repre-
sentative survey included both a random sample of all Danish
citizens in the 5 regions of Denmark and an additional na-
tional sample. We included participants aged 25 years or
older who had completed the questions on perceived stress
(Figure 1); the Region of Southern Denmark did not include
information on perceived stress in their survey. The cohort
was accurately linked at the individual level to nationwide
health registers through the unique 10-digit Danish personal
identification number, which is assigned to all Danish citi-
zens upon birth or immigration. All participants entered the
study on May 1, 2010 (baseline), when all questionnaires

were collected. All participants were followed until death, em-
igration, or the end of the study (latest time point with full reg-
ister information; March 29, 2014), whichever came first.
The study was based on anonymized data located at Statens

Serum Institut, a Danish governmental public health and re-
search institution, and was approved by the Danish Data Pro-
tection Agency (record 2013-41-1719).

Information from the Danish National Health Survey

The primary exposure was perceived stress as measured by
the Danish version of Cohen’s 10-item Perceived Stress Scale
(PSS) (29, 30), which is a self-report measure of subjective
stress. Respondents indicate how often they have found their
life unpredictable, uncontrollable, and overloaded in the past
month. The instrument has demonstrated good validity and re-
liability (30, 31). Cronbach’s α was 0.88 in our study popula-
tion. All items were scored on a 5-point Likert scale (total sum
scores: 0–40); high scores indicated high levels of stress. Be-
cause no standard cutoffs were predefined (29), we categorized
all PSS sum scores into quintiles; scores in the highest quintile
(>17) are generally considered abnormal (26).
Other baseline characteristics retrieved from the survey

questionnaire included employment status and lifestyle fac-
tors such as physical activity, alcohol habits, smoking status,
dietary habits, and body mass index (28).

Information from Danish national health registers

Study participants were categorized as having multimorbid-
ity if they had 2 or more of 39 specific long-term conditions
(Table 1). The composition of our multimorbidity index was
based on recommendations in systematic reviews (32, 33),
a large epidemiologic study by Barnett et al. (4), and other

118,410 Respondents With PSS Score

7,784 Excluded Due to Missing
PSS Information

228,278 Invited to Respond to
Questionnaires With PSS 

226,025 Invited and Eligible for Study

99,831 Survey Nonrespondents 126,194 Survey Respondents

2,253 Excluded Due to Death or
Emigration Before Start of Study

Figure 1. Selection of participants with Perceived Stress Scale (PSS) scores for an analysis of stress and mortality among people with multimor-
bidity, Danish National Health Survey, 2010–2014.
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established comorbidity indices (34–37). We reviewed the dis-
ease definitions to ensure good capture in Danish health regis-
ters and to accommodate the use of the Danish International
Classification of Diseases, Tenth Revision, and Anatomical

Therapeutic Chemical Classification System drug codes. The
conditions were identified by combining diagnosis codes en-
tered into Danish national registers by all Danish hospitals
and outpatient clinics with data on redeemed prescriptions
for medication within predefined time frames up to 15 years be-
fore baseline (38–42). Conditions were categorized as either
physical conditions or established mental health conditions
and were analyzed independently from the perceived stress
score (algorithm presented in Web Table 1, available at http://
aje.oxfordjournals.org/). We categorized study participants ac-
cording to their multimorbidity status at baseline as having
either no (at most 1 condition), moderate (2 or 3 conditions),
or severe (4 or more conditions) multimorbidity. The survey
included information on 18 self-reported chronic conditions
(Web Table 2), which were not included in the multimorbid-
ity index because the disease definitions in the questionnaire
were not sufficiently specific and compatible with the multi-
morbidity index. The self-reported conditions were, however,
included in a sensitivity analysis.

Information from the Danish Civil Registration System

and Statistics Denmark

Our main outcome was all-cause mortality rates. Informa-
tion on death, age, sex, and emigration during the study pe-
riod was obtained from the Danish Civil Registration System,
which holds updated records on the vital status of all Danish
citizens (43). Individual socioeconomic factors (education,
ethnicity, and cohabitation status) were obtained from Statis-
tics Denmark (44).

Statistical analyses

For the main analyses, hazard ratios for all-cause mortal-
ity with 95% confidence intervals were calculated using
a Cox proportional hazards model with age as the time
axis. We tested the proportional hazards assumption using
log(−log(survival)) plots.

We imputed missing data on lifestyle and socioeconomic
factors in a chained equations model, including all covariates
and pseudo-values for death, and generated 20 imputation
sets (45, 46).

The PSS quintiles were compared using the first quintile
(lowest stress level) as the referent. Covariates were selected
a priori and were included successively in 4 models with in-
creasing complexity. First, we adjusted the results for sex in
addition to the intrinsic correction for age (used as the time
scale). Second, we adjusted for the 31 physical conditions
and then for the 8 mental health conditions as dummy vari-
ables. Third and fourth, adjustments for lifestyle and socio-
economic factors were added, respectively. Sensitivity models
omitting adjustments for lifestyle and mental health conditions
were fitted along with a model adjusting for self-reported con-
ditions. PSS quintile was allowed to interact with level of multi-
morbidity; that is, analyses were stratified on the multimorbidity
level, assuming an equal effect of correction factors across strata.
A test for linear trend was performed in which we analyzed PSS
quintile numbers as a continuous variable.We added a restricted
cubic splines model with 5 knots over the full PSS score range
using Harrell’s default percentiles to evaluate the functional

Table 1. List of Adverse Health Conditions in the Multimorbidity

Index, Danish National Health Survey, 2010–2014

Category Disease Group

Circulatory system Hypertension

Dyslipidemia

Ischemic heart disease

Atrial fibrillation

Heart failure

Peripheral artery occlusive disease

Stroke

Endocrine system Diabetes mellitus, types 1 and 2

Thyroid disorder

Gout

Pulmonary system and
allergy

Chronic pulmonary disease

Allergy

Gastrointestinal system Ulcer/chronic gastritis

Chronic liver disease

Inflammatory bowel disease

Diverticular disease of intestine

Urogenital system Chronic kidney disease

Prostate disorder

Musculoskeletal system Connective tissue disorder

Osteoporosis

Painful condition

Hematological system Anemia

HIV/AIDS

Cancers Cancer

Neurological system Vision problem

Hearing problem

Migraine

Epilepsy

Parkinson disease

Multiple sclerosis

Neuropathy

Mental health
conditions

Mood, stress-related, or anxiety
disorder

Psychological distress

Alcohol problem

Substance abuse

Anorexia/bulimia

Bipolar affective disorder

Schizophrenia or schizoaffective
disorder

Dementia

Abbreviations: AIDS, acquired immunodeficiency syndrome; HIV,

human immunodeficiency virus.
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form, and the results are presented graphically along with the
PSS quintile estimates and a distribution histogram.
Absolute differences were reflected by cumulative incidence

proportions. Excess deaths associatedwith stresswere calculated

using the PSS quintile hazard ratio relative to actual deaths
within the multimorbidity status group (deaths × (hazard
ratio (HR)− 1)/HR).We assessed effect modification by testing
sex and multimorbidity status for multiplicative and additive

Table 2. Distribution of Participant Characteristics (%)a According to Quintile of PSS Score (n = 118,410), Danish

National Health Survey, 2010–2014

Characteristic
No. of

Participants
% of

Participants

Quintile of PSS Score

1
(n = 26,636)

2
(n = 27,808)

3
(n = 21,256)

4
(n = 21,102)

5
(n = 21,608)

Median PSS
score (range)

4 (0–6) 9 (7–10) 12 (11–13) 15 (14–17) 21 (18–40)

Age at baseline,
yearsb

25–34 13,881 11.7 17.9 23.7 19.5 18.9 20.0

35–44 22,673 19.1 20.9 24.5 18.9 17.2 18.4

45–54 25,272 21.3 22.9 24.3 18.2 16.8 17.9

55–64 26,610 22.5 25.5 24.0 17.3 17.0 16.2

65–74 19,982 16.9 25.8 22.9 17.1 18.2 15.9

≥75 9,992 8.4 16.8 18.4 16.5 21.7 26.6

Sexb

Male 54,968 46.4 26.1 24.8 17.7 16.5 14.8

Female 63,442 53.6 19.4 22.3 18.1 19.0 21.2

No. of comorbid
conditionsb

0 58,718 49.6 25.6 26.3 18.9 16.5 12.7

1 25,755 21.8 22.2 22.9 17.8 18.1 18.9

2 14,677 12.4 21.1 21.5 17.3 18.6 21.6

3 8,999 7.6 17.9 19.9 16.4 19.5 26.3

≥4 10,261 8.7 11.7 15.0 15.0 22.0 36.4

Any mental health
conditionb

No 109,137 92.2 23.8 24.6 18.4 17.7 15.5

Yes 9,273 7.8 7.3 10.9 12.3 19.5 50.0

Physical activity,
type and
hours/week

Light or none, 0 16,818 14.2 13.1 16.2 15.2 20.4 35.1

Moderate, ≥4 70,357 59.4 22.3 23.8 18.5 18.3 17.1

Heavy, ≥4 28,980 24.5 29.1 27.4 18.3 14.8 10.4

Missing 2,255 1.9 15.4 17.3 15.6 22.9 28.9

Alcohol habits,
drinks/weekc

<7/<14 76,894 64.9 23.9 24.8 18.4 17.2 15.7

7–14/14–21 15,768 13.3 24.0 24.4 18.8 17.7 15.2

>14/>21 11,110 9.4 21.9 22.3 17.5 18.0 20.2

Missing 14,638 12.4 13.8 16.3 15.1 21.3 33.5

Smoking status

Never smoker 50,386 42.6 24.7 24.8 18.1 17.1 15.3

Former smoker 38,812 32.8 22.9 24.0 18.4 17.8 16.9

Current smoker 27,012 22.8 18.4 20.5 17.1 18.9 25.1

Missing 2,200 1.9 14.6 20.7 15.9 21.6 27.1

Table continues
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interactions (relative excess risk due to interaction) with the
PSS quintile.

Point estimates and 95% confidence intervals of mortality
rates in the PSS quintiles are presented graphically for the 3
multimorbidity status groups in a common graph. The results
for the groups with multimorbidity were rescaled to ensure
that the ratio between the depicted average relative mortality
rates for these groups and the group without multimorbidity
corresponded to the estimated mortality rate ratio between the

groups when corrected for age, sex, socioeconomic factors,
and lifestyle but not for conditions. Differences between points
on the same curve were also corrected for number and type of
condition, whereas level variations between curves reflected
the actually observed differences in condition status in people
from different multimorbidity status groups. The risk time-
weighted average over the PSS quintiles was used.

In a subgroup analysis of people with mental health condi-
tions, we assessed their relative mortality rates and absolute

Table 2. Continued

Characteristic
No. of

Participants
% of

Participants

Quintile of PSS Score

1
(n = 26,636)

2
(n = 27,808)

3
(n = 21,256)

4
(n = 21,102)

5
(n = 21,608)

Dietary habitsd

Unhealthy 13,461 11.4 18.2 21.3 17.4 19.2 24.0

Medium 71,223 60.1 22.4 23.5 18.3 18.0 17.9

Healthy 29,854 25.2 25.5 25.2 17.6 16.4 15.2

Missing 3,872 3.3 16.2 18.2 15.6 21.0 28.9

Body mass indexe

Underweight
(<18)

1,899 1.6 16.6 20.1 14.8 18.1 30.4

Normal weight
(18–<25)

55,295 46.7 23.4 24.2 18.3 17.5 16.6

Overweight
(25–<30)

41,957 35.4 23.5 24.1 18.0 17.6 16.9

Obese (≥30) 17,274 14.6 18.7 20.5 17.4 19.2 24.2

Missing 1,985 1.7 14.3 19.8 15.1 20.4 30.5

Working status

Not working 45,573 38.5 19.9 20.0 16.3 18.8 24.9

Working 69,164 58.4 24.5 26.0 19.1 17.0 13.3

Missing 3,673 3.1 15.5 18.5 16.7 21.1 28.1

Education, yearsb

<10 26,626 22.5 16.9 19.3 16.8 20.8 26.2

10–15 57,108 48.2 22.3 24.3 18.6 17.8 17.0

>15 32,392 27.4 27.9 26.0 17.9 15.3 12.9

Missing 2,284 1.9 14.5 16.2 16.0 20.1 33.2

Cohabitation
statusb

Single 29,241 24.7 18.4 20.1 16.7 19.5 25.3

Cohabiting 89,169 75.3 23.8 24.6 18.4 17.3 15.9

Ethnicityb

Danish 111,720 94.4 23.0 23.9 18.1 17.6 17.4

Other Western
background

3,258 2.8 20.1 19.9 17.0 19.8 23.2

Other 3,432 2.9 7.1 12.8 13.5 24.2 42.5

Abbreviation: PSS, Perceived Stress Scale.
a Table shows data with missing values before multiple imputations. All data presented are percentages unless

otherwise indicated.
b Variable was based on data from national registers. (Other variables were based on survey responses.)
c Number of alcoholic drinks consumed per week for females/males.
d Assessment of dietary habits was based on self-reported portions of meats, vegetables, fruit, and fat compared to

national nutrition guidelines.
e Body mass index was calculated as weight (kg)/height (m)2.
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differences in the numbers of deaths compared with people
with no mental health conditions. In a subgroup analysis of
educational level, we stratified by dichotomized level of ed-
ucation (<10 years vs. ≥10 years).
Sensitivity analyses were performed to compare our main

model with models using alternative ways of adjusting for
multimorbidity, such as simple disease count, weighted
Charlson comorbidity index scores (34), and complete-case
analysis. Finally, we compared survey respondents and non-
respondents by using register data. All P values were 2-sided.
Analyses were performed using Stata, version 13.1 (StataCorp
LP, College Station, Texas).

RESULTS

We followed 118,410 individualswith PSS scores (Figure 1)
for a total of 453,648 person-years at risk (mean follow-up
time = 3.8 years). We identified 4,229 deaths, of which 3,224
(76%) occurred in participants with multimorbidity.
High levels of stress (cutpoint for the highest quintile of

PSS score: ≥18) were associated with female sex, physical
inactivity, high alcohol intake, smoking, unhealthy dietary
habits, high or low body mass index, lower educational level,
unemployment, non-Danish ethnic background, and living
alone (Table 2). Half of all people with a mental health condi-
tion were categorized in the highest stress quintile, but in this
quintile there were also nearly 4 times as many people without
a mental health condition (16,970 vs. 4,638).
In our cohort, 20% of participants had moderate multimor-

bidity (2 or 3 conditions), and 9% had severe multimorbidity
(4 or more conditions). Multimorbidity was associated with
older age, physical inactivity, unhealthy dietary habits, high
or low body mass index, lower educational level, unemploy-
ment, and living alone (Web Table 3). The proportion of

people who reported high perceived stress rose consistently
with increasing number of conditions (Figure 2).
The proportion of peoplewith missing data on lifestyle and

socioeconomic factors ranged from 1.7% (body mass index)
to 12.4% (alcohol habits), and people with missing data
tended to report higher levels of stress and multimorbidity.
The overall mortality rate rose with increasing stress levels;

the study participants in the highest quintile of PSS score had
a 3-fold higher mortality rate than those in the lowest quintile
(age- and sex-adjusted HR = 2.95, 95% confidence interval
(CI): 2.68, 3.25). The estimates were attenuated when ad-
justed for physical and mental health conditions, lifestyle,
and socioeconomic factors, but the risk remained significant
(adjusted HR = 1.45, 95% CI: 1.30, 1.61) (Figure 3). The
fully adjusted cubic spline model showed a dose-response re-
lationship between stress andmortality rate over the PSS score
range, with no evident threshold levels (Figure 3). The overall
mortality rate was higher in people with moderate multimor-
bidity (adjusted HR = 1.79, 95% CI: 1.65, 1.96) and severe
multimorbidity (adjusted HR = 3.10, 95% CI: 2.83, 3.39)
than in those without multimorbidity.
Stratification by multimorbidity status showed that stress

was associated with higher mortality rates in all strata and
adjustment models (Table 3). Fully adjusted mortality hazard
ratios (highest vs. lowest quintile of PSS score) were 1.51
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Figure 2. Distribution of quintiles of Perceived Stress Scale (PSS)
score according to number of adverse health conditions, Danish Na-
tional Health Survey, 2010–2014. White bars show quintile 1 (scores
0–6). Light gray bars show quintile 2 (scores 7–10). Medium gray bars
show quintile 3 (scores 11–13). Dark gray bars show quintile 4 (scores
14–17). Black bars show quintile 5 (scores 18–40). No multimorbidity:
≤1 condition; moderate multimorbidity: 2–3 conditions; and severe
multimorbidity: ≥4 conditions. P-trend < 0.0001 for mean PSS scores
by number of conditions.
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(PSS) score and mortality hazard ratio displayed as PSS-quintile es-
timates and restricted cubic splines, Danish National Health Survey,
2010–2014. Circle with error bars shows hazard ratios with 95% con-
fidence intervals for PSS quintiles adjusted for age, sex, 39 register-
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(95% CI: 1.25, 1.84), 1.39 (95% CI: 1.18, 1.64), and 1.43
(95% CI: 1.18, 1.73) for people with zero or 1, 2 or 3, and
4 or more conditions, respectively (Table 3). In all strata of
multimorbidity, stress was associated with a comparably in-
creased mortality rate in a dose-response pattern within each
stratum (P-trend < 0.0001; Table 3).

We found no statistically significant effect of interactions
between multimorbidity status and quintile of PSS score on
the multiplicative or additive scales, or between sex and
PSS quintile. The combined risk of stress and multimorbidity
is shown in Figure 4, which indicates a high risk for those
with high perceived stress and multimorbidity when con-
sidering the combination and relative severity of conditions
between the multimorbidity groups. In absolute number of
deaths, the association was even stronger in those with multi-
morbidity, as evidenced by the cumulative incidence propor-
tions and excess deaths associated with stress (Table 3). The
theoretical number of deaths—deaths that could have been
prevented if the mortality rate in the highest quintile of PSS
score had been reduced to that in the lowest quintile—was 69
for people with no multimorbidity, 128 for people with 2 or 3
conditions, and 255 for people with 4 or more conditions.

In a subgroup analysis, we studied the relationship be-
tween stress and mortality rate after stratifying by mental

health conditions. We found that a dose-response relationship
was present only in people without mental health conditions.
Being in the highest quintile of PSS score without having a
diagnosed mental health condition was comparable to actu-
ally having a mental health condition in terms of relative mor-
tality, but more excess deaths occurred in persons with high
perceived stress than in those with mental health conditions
(328 deaths vs. 240 deaths) (Table 4).

A subgroup analysis of educational level revealed that the in-
fluence of stress andmultimorbidity onmortality rates was sim-
ilar for those with <10 years and ≥10 years of education,
although people with more years of education and no multi-
morbidity seemed to have lower mortality rates than people
with fewer years of education and nomultimorbidity (Figure 5).

Our sensitivity analysis, which omitted adjustments for
lifestyle, yielded higher hazard ratios, especially for those
with multimorbidity. Excluding people with mental health
conditions from the main analysis and the additional adjust-
ments for self-reported conditions did not change the estimates
significantly. In alternative adjustment models for multimor-
bidity and complete-case analysis, no systematic differences
from the main analysis were found (Web Figure 1).

The overall response rate was 56%. Based on the data from
national registers, nonrespondents were more likely to be

Table 3. Mortality Hazard Ratios for Quintiles of PSS Score According to Multimorbidity Status, Danish National Health Survey, 2010–2014

No. of
Conditions and

Quintile of
PSS Score

No. of
Deaths

CIP

Model 1a Model 2ab Model 2bc Model 3d

HR 95% CI HR 95% CI HR 95% CI HR 95% CI P-Trende
No. of Excess

Deaths Associated
With Stressf

0–1 conditions

1 223 0.011 1 Referent 1 Referent 1 Referent 1 Referent <0.0001 Referent

2 218 0.010 1.10 0.91, 1.32 1.09 0.91, 1.32 1.09 0.90, 1.31 1.06 0.88, 1.28 12

3 171 0.011 1.23 1.01, 1.50 1.22 1.00, 1.49 1.22 1.00, 1.49 1.13 0.93, 1.38 20

4 188 0.013 1.43 1.18, 1.74 1.41 1.16, 1.72 1.40 1.16, 1.71 1.19 0.98, 1.45 30

5 205 0.017 2.16 1.79, 2.62 2.09 1.73, 2.53 2.06 1.70, 2.49 1.51 1.25, 1.84 69

2–3 conditions

1 225 0.048 1 Referent 1 Referent 1 Referent 1 Referent <0.0001 Referent

2 222 0.045 1.00 0.83, 1.20 0.96 0.80, 1.16 0.97 0.80, 1.16 0.95 0.79, 1.14 −12

3 230 0.057 1.34 1.11, 1.61 1.30 1.08, 1.56 1.30 1.08, 1.56 1.19 0.99, 1.43 37

4 285 0.063 1.39 1.16, 1.65 1.33 1.11, 1.58 1.31 1.10, 1.56 1.15 0.97, 1.38 37

5 456 0.082 2.19 1.86, 2.57 1.98 1.68, 2.32 1.88 1.60, 2.21 1.39 1.18, 1.64 128

≥4 conditions

1 134 0.111 1 Referent 1 Referent 1 Referent 1 Referent <0.0001 Referent

2 190 0.124 1.12 0.90, 1.40 1.08 0.86, 1.35 1.06 0.85, 1.32 1.01 0.81, 1.26 2

3 230 0.150 1.38 1.12, 1.71 1.32 1.06, 1.63 1.27 1.02, 1.57 1.21 0.98, 1.50 40

4 403 0.179 1.62 1.34, 1.98 1.50 1.23, 1.82 1.43 1.18, 1.75 1.26 1.04, 1.54 83

5 849 0.228 2.36 1.96, 2.83 2.00 1.66, 2.41 1.79 1.48, 2.16 1.43 1.18, 1.73 255

Abbreviations: CI, confidence interval; CIP, cumulative incidence proportion; HR, hazard ratio; PSS, Perceived Stress Scale.
a Results were adjusted for age and sex.
b Results were adjusted for age, sex, and 31 physical conditions.
c Results were adjusted for age, sex, 31 physical conditions, and 8 mental health conditions.
d Results were adjusted for age, sex, 31 physical conditions, 8 mental health conditions, and lifestyle and socioeconomic factors.
e P value from test for trend between PSS quintile numbers and mortality rate within the multimorbidity group.
f Absolute number of deaths associated with being in a PSS quintile above 1 within the multimorbidity group.
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male, to have more physical and mental health conditions,
and to have fewer years of education. Furthermore, some var-
iations (e.g., by age) were found in the response rates (Web
Table 4). The overall mortality rate in nonrespondents during
follow-up was higher than that in respondents when results
were adjusted for age, sex, all register-based conditions,
and socioeconomic factors (adjusted HR = 1.53, 95% CI:
1.10, 2.13). The association between mental health con-
ditions, multimorbidity, and mortality rates was comparable
in both respondents and nonrespondents (Web Table 5).

DISCUSSION

This large population-based cohort study showed that
greater perceived stress and more severe multimorbidity

were independently associated with a higher mortality rate
and that perceived stress was associated with mortality rate
in a dose-response manner with no evident threshold level.
In absolute numbers, high perceived stress was associated
with nearly 2–4 times more deaths, depending on the number
of comorbid conditions, in people with multimorbidity than
in people without it. These findings suggest that people with
multimorbidity are a vulnerable patient group. Being in the
highest stress quintile was comparable to having a mental
health condition in terms of relative mortality, but high per-
ceived stress with no mental health condition was associated
with more deaths in absolute numbers.

Strengths and limitations of this study

Amajor strength of this study is the large population-based
cohort and the combination of survey and register-based
information. Our study extends previous knowledge on psy-
chological stress and multimorbidity in several ways. We had
prospectively collected data on the diagnoses and medication
prescriptions of a homogeneous background population with
detailed baseline information on individual lifestyle and
socioeconomic factors. Our sample size allowed us to inves-
tigate mortality rates across graduated levels of stress and
multimorbidity. The use of national registers ensured highly
valid data on both deaths and migration with no loss to
follow-up. However, the survey participation rate was 56%,
which could limit the generalizability of our findings. Fur-
thermore, selection bias may exist if the association between
stress and mortality rate was different between respondents
and nonrespondents. We found higher morbidity and mortal-
ity rates in nonrespondents than in respondents, but the asso-
ciation between mental health conditions, multimorbidity,
and mortality rate was comparable in respondents and non-
respondents. We would expect higher levels of perceived
stress in nonrespondents and have no reason to assume that
the association found between stress and mortality rate de-
pended on participation.
The PSS was chosen to measure stress in the Danish Na-

tional Health Survey due to the qualities of this validated
scale. The PSS measures the level of perceived chronic stress
within the past month and seems to be stable over time (47).
Even if a narrow stress construct is measured (29), the PSS
correlates moderately or strongly with other measures of
psychological distress and quality of life (e.g., the General
Health Questionnaire, Beck’s Depression Inventory, the Cen-
ter for Epidemiologic Studies Depression Scale, the mental
component of the 36-item Short Form Health Survey) (31)
and other stress concepts (e.g., measurement of cortisol re-
sponse and life-event scales) (20, 29). The correlation between
the PSS score andmental health conditions was reflected by the
high stress levels among the persons with mental illness in-
cluded in our study. With no standard cutoffs, the PSS offers
no threshold for diagnosable psychiatric disease (29).
There is no consensus in the literature about which conditions

to include in a multimorbidity index (33). Multimorbidity status
in our study was based on clinically acknowledged conditions
from all Danish hospitals and outpatient clinics, including rec-
ommended key diseases (32). Because diagnoses from primary
care were not available, our algorithm included redeemed
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Figure 4. Hazard ratio for mortality according to multimorbidity status
and quintile of Perceived Stress Scale (PSS) score, Danish National
Health Survey, 2010–2014. Circles, ≤1 adverse health condition; trian-
gles, 2–3 adverse health conditions; squares, ≥4 adverse health condi-
tions. Associations betweenmortality rate andPSS score quintiles were
adjusted for age, sex, 39 register-based health conditions, lifestyle, and
socioeconomic factors. Associations between mortality rate and multi-
morbidity status groups were adjusted for age, sex, lifestyle, and socio-
economic factors. P-trend < 0.0001 in all multimorbidity status groups.
Vertical lines, 95% confidence intervals.
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Table 4. Adjusted Mortality Hazard Ratios for Quintiles of PSS Score According to Number of Established Mental

Health Conditions, Danish National Health Survey, 2010–2014

Quintile
of PSS
Score

No Mental Health Conditions (n = 109,137) At Least 1 Mental Health Condition (n = 9,273)

No. of
Deaths

HR 95% CI
No. of Excess

Deaths Associated
With Stress

No. of
Deaths

HR 95% CI
No. of Excess Deaths
Associated With Mental

Health Conditions

Overalla 3,404 1 Referent Referent 825 1.41 1.30, 1.54 240

1b 541 1 Referent Referent 41 1 Referent 15

2b 564 0.99 0.88, 1.11 −6 66 1.13 0.76, 1.67 24

3b 554 1.19 1.05, 1.34 88 77 1.13 0.77, 1.65 29

4b 734 1.24 1.11, 1.39 142 142 1.00 0.70, 1.41 53

5b 1,011 1.48 1.32, 1.65 328 499 1.28 0.93, 1.77 185

Abbreviations: CI, confidence interval; HR, hazard ratio; PSS, Perceived Stress Scale.
a Hazard ratios were adjusted for PSS quintile, age, sex, all physical conditions, lifestyle, and socioeconomic

factors.
b Hazard ratios were adjusted for any mental health condition, age, sex, all physical conditions, lifestyle, and

socioeconomic factors.

1

2

3

4

5

H
az

ar
d 

R
at

io

1 2 3 4 5

Quintile of PSS Score

A)

1

2

3

4

5
H

az
ar

d 
R

at
io

1 2 3 4 5

Quintile of PSS Score

B)

Figure 5. Hazard ratio for mortality according to multimorbidity status, quintile of Perceived Stress Scale (PSS) score, and educational level,
Danish National Health Survey, 2010–2014. A) <10 years of education; B) ≥10 years of education. Circles, ≤1 adverse health condition; triangles,
2–3 adverse health conditions; squares, ≥4 adverse health conditions. Associations between mortality rate and PSS quintiles were adjusted for
age, sex, 39 register-based health conditions, lifestyle, and socioeconomic factors, except level of education. Associations between mortality
rate and multimorbidity status groups were adjusted for age, sex, and lifestyle factors. Vertical lines, 95% confidence intervals.
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medication prescriptions from all pharmacies to capture con-
ditions commonly treated in primary care, but this approach
did not allow us to control for prescription compliance, un-
treated conditions, or stage and severity of disease in individ-
uals for whom no data were available.
Multimorbidity studies often use simple disease-count mod-

els to estimate the morbidity burden. However, if the relative se-
verity of disease combinations is not considered in the analysis,
residual confounding may occur. To counter this, we adjusted
our analyses for all conditions individually, which allowed us
to establish the contribution of each individual condition to
the mortality rate in addition to stratification for multimorbid-
ity. Sensitivity analyses adjusting for disease count and the
Charlson comorbidity index showed similar results.
We were able to control for a wide range of potential con-

founders at the individual level, including sex, physical and
mental health conditions, lifestyle, and socioeconomic fac-
tors. However, some of these factors could be either upstream
or downstream on the causal pathway and could act as inter-
mediate variables; for example, exposure to stress may cause
an unhealthy lifestyle, which may lead to increased mortality.
Omitting adjustments for lifestyle yielded noticeably higher
risks. Thus, our conservative approach of adjusting for all factors
could have led to underestimation of the true association between
stress andmortality rate. Although the association between stress
andmortality rate remained significant after adjustments for con-
founding, such an associationmay not be causal; perceived stress
could merely be a nonspecific marker for the severity of any
underlying conditions, and treatment of stress would have an
effect on mortality only if the association is causal.

Comparison with other studies

To our knowledge, this study was the first to assess mor-
tality while accounting for the interplay between stress and
multimorbidity. Previous studies have found a connection
between mental health conditions and single-disease out-
comes (12, 13), mortality (14), and multimorbidity (4, 9),
but knowledge of how these factors interact and affect prog-
nosis is lacking. Studies on mental-physical multimorbidity
are often cross-sectional (4, 9, 10), and prospective studies on
psychological distress do not necessarily address multimor-
bidity (13, 14). Barnett et al. (4) showed that mental-physical
multimorbidity and socioeconomic status are closely related.
Our results extend this finding; multimorbidity, mental health
conditions, and fewer years of education were all factors im-
pairing prognosis after mutual adjustments. Even though un-
stressed and healthy people with more years of education
tended to have a lower baseline mortality rate, their mortality
rate was comparable to that of people with fewer years of ed-
ucation when multimorbidity and higher stress levels were
present. This could be interpreted as evidence that socioeco-
nomic factors tend to predispose people to diseases that may
eventually affect survival and thus make multimorbidity a
key factor in well-documented health inequalities in terms
of life expectancy (48).

Implications and conclusion

Our findings suggest that screening for depression or anx-
iety in patients with multimorbidity is not enough to capture

the full association between mental health and mortality risk.
We found that perceived stress was associated with more
deaths than mental health conditions and thus also seems to
play a key role in long-term prognosis. Our data do not sug-
gest a critical point for intervention; even moderate stress was
associated with increased mortality rates. These new findings
call for greater clinical attention to psychological well-being
and stress before the threshold for depression or anxiety diag-
noses is reached. Stress could be a modifiable risk factor—
possibly associated with lifestyle choices—but more research
is required to further investigate the causal mechanisms
between mental and physical health and substantiate physio-
logical theories of stress and allostatic load (16). The single-
disease paradigm has long been the standard in research and
practice, but this approach is inadequate when treating people
with multimorbidity, particularly when mental health prob-
lems are present. Thus, our study supports the adage that
there is “no health without mental health” (3). Personalized
care in a biopsychosocial context and a strong focus on
mental health are essential when treating people with multi-
morbidity. Nevertheless, policies, guidelines, and practice
structures to support people with multimorbidity are gener-
ally lacking. Although scientific evidence on stress manage-
ment is limited, talk therapy, problem-solving therapy, and
mindfulness-based stress reduction could play a role in re-
ducing perceived stress in people with chronic conditions
(49, 50). Furthermore, mounting evidence indicates that col-
laborative care models are effective in treatment of depres-
sion with comorbid medical conditions (51–53). Similar
models, based on joint primary or secondary prevention tar-
geting both mental and physical health, could prove efficient
in people with stress and multimorbidity. More prospective
studies are needed to further study this complex issue (54).

ACKNOWLEDGMENTS

Author affiliations: Research Unit for General Practice,
Department of Public Health, Aarhus University, Aarhus,
Denmark (Anders Prior, Morten Fenger-Grøn, Karen Kjær
Larsen, Marie Mortensen, Kaj Sparle Christensen, Mogens
Vestergaard); Section for General Medical Practice, Depart-
ment of Public Health, Aarhus University, Aarhus, Denmark
(Anders Prior, Morten Fenger-Grøn, Karen Kjær Larsen,
Mogens Vestergaard); Centre for Public Health and Quality
Improvement, Central Denmark Region, Aarhus, Denmark
(Finn Breinholt Larsen); Research Centre for Prevention
and Health, Capital Region of Denmark, Glostrup University
Hospital, Glostrup, Denmark (KirstineMagtengaard Robinson);
and Department of General Practice and Primary Care, Insti-
tute of Health and Wellbeing, University of Glasgow, Glas-
gow, Scotland (Stewart W. Mercer).
This work was supported by unrestricted grants from the

Lundbeck Foundation and the Central Denmark Region Foun-
dation for Primary Health Care Research. The Danish Health
Survey 2010 was funded by the Capital Region of Denmark,
Region Zealand, the Region of Southern Denmark, the Central
Denmark Region, the North Denmark Region, the Danish
Ministry of Interior and Health, and the Danish National Insti-
tute of Public Health at the University of Southern Denmark.

208 Prior et al.

Am J Epidemiol. 2016;184(3):199–210

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/184/3/199/2195463 by guest on 20 August 2022



We thank the Centre for Integrated Register-Based Re-
search, Aarhus University, Aarhus, Denmark, for technical
support and access to data from national registers.

The funding sources had no role in the design and conduct
of the study; collection, analysis, and interpretation of the
data; or preparation, review, or approval of the manuscript.

Conflict of interest: none declared.

REFERENCES

1. Uijen AA, van de Lisdonk EH. Multimorbidity in primary care:
prevalence and trend over the last 20 years. Eur J Gen Pract.
2008;14(suppl 1):28–32.

2. Salisbury C. Multimorbidity: redesigning health care for people
who use it. Lancet. 2012;380(9836):7–9.

3. Mercer SW, Gunn J, Bower P, et al. Managing patients with
mental and physical multimorbidity. BMJ. 2012;345:e5559.

4. Barnett K, Mercer SW, Norbury M, et al. Epidemiology of
multimorbidity and implications for health care, research, and
medical education: a cross-sectional study. Lancet. 2012;
380(9836):37–43.

5. Fortin M, Lapointe L, Hudon C, et al. Multimorbidity and
quality of life in primary care: a systematic review.Health Qual
Life Outcomes. 2004;2:51.

6. Salisbury C, Johnson L, Purdy S, et al. Epidemiology and
impact of multimorbidity in primary care: a retrospective cohort
study. Br J Gen Pract. 2011;61(582):e12–e21.

7. Menotti A, Mulder I, Nissinen A, et al. Prevalence of morbidity
and multimorbidity in elderly male populations and their
impact on 10-year all-cause mortality: the FINE study (Finland,
Italy, Netherlands, Elderly). J Clin Epidemiol. 2001;54(7):
680–686.

8. Fortin M, Bravo G, Hudon C, et al. Psychological distress and
multimorbidity in primary care. Ann Fam Med. 2006;4(5):
417–422.

9. Gunn JM, Ayton DR, Densley K, et al. The association between
chronic illness, multimorbidity and depressive symptoms in an
Australian primary care cohort. Soc Psychiatry Psychiatr
Epidemiol. 2012;47(2):175–184.

10. Smith DJ, Court H, McLean G, et al. Depression and
multimorbidity: a cross-sectional study of 1,751,841 patients in
primary care. J Clin Psychiatry. 2014;75(11):1202–1208;
quiz 1208.

11. Whiteford HA, Degenhardt L, Rehm J, et al. Global burden of
disease attributable to mental and substance use disorders:
findings from the Global Burden of Disease Study 2010.
Lancet. 2013;382(9904):1575–1586.

12. Rosengren A, Hawken S, Ounpuu S, et al. Association of
psychosocial risk factors with risk of acute myocardial
infarction in 11119 cases and 13648 controls from 52 countries
(the INTERHEART study): case-control study. Lancet. 2004;
364(9438):953–962.

13. Chandola T, Brunner E, Marmot M. Chronic stress at work and
the metabolic syndrome: prospective study. BMJ. 2006;
332(7540):521–525.

14. Russ TC, Stamatakis E, Hamer M, et al. Association between
psychological distress and mortality: individual participant
pooled analysis of 10 prospective cohort studies. BMJ. 2012;
345:e4933.

15. Stratakis CA, Chrousos GP. Neuroendocrinology and
pathophysiology of the stress system. Ann N Y Acad Sci. 1995;
771:1–18.

16. McEwen BS, Stellar E. Stress and the individual. Mechanisms
leading to disease. Arch Intern Med. 1993;153(18):2093–2101.

17. McEwen BS. Protective and damaging effects of stress
mediators. N Engl J Med. 1998;338(3):171–179.

18. Bizik G, Picard M, Nijjar R, et al. Allostatic load as a tool for
monitoring physiological dysregulations and comorbidities in
patients with severe mental illnesses. Harv Rev Psychiatry.
2013;21(6):296–313.

19. Tomasdottir MO, Sigurdsson JA, Petursson H, et al. Self
reported childhood difficulties, adult multimorbidity and
allostatic load. A cross-sectional analysis of the Norwegian
HUNT study. PLoS One. 2015;10(6):e0130591.

20. Pruessner JC, Hellhammer DH, Kirschbaum C. Burnout,
perceived stress, and cortisol responses to awakening.
Psychosom Med. 1999;61(2):197–204.

21. Cohen S, Doyle WJ, Skoner DP. Psychological stress, cytokine
production, and severity of upper respiratory illness. Psychosom
Med. 1999;61(2):175–180.

22. Maes M, Van Bockstaele DR, Gastel A, et al. The effects of
psychological stress on leukocyte subset distribution in humans:
evidence of immune activation. Neuropsychobiology. 1999;
39(1):1–9.

23. Luijcks R, Vossen CJ, Hermens HJ, et al. The influence of
perceived stress on cortical reactivity: a proof-of-principle
study. PLoS One. 2015;10(6):e0129220.

24. Schnohr P, Kristensen TS, Prescott E, et al. Stress and life
dissatisfaction are inversely associated with jogging and other
types of physical activity in leisure time—the Copenhagen City
Heart Study. Scand J Med Sci Sports. 2005;15(2):107–112.

25. Stults-Kolehmainen MA, Sinha R. The effects of stress on
physical activity and exercise. Sports Med. 2014;44(1):81–121.

26. Nielsen L, Curtis T, Kristensen TS, et al. What characterizes
persons with high levels of perceived stress in Denmark? A
national representative study. Scand J Public Health. 2008;
36(4):369–379.

27. France EF, Wyke S, Gunn JM, et al. Multimorbidity in primary
care: a systematic review of prospective cohort studies. Br J Gen
Pract. 2012;62(597):e297–e307.

28. Christensen AI, Ekholm O, Glümer C, et al. The Danish
National Health Survey 2010. Study design and respondent
characteristics. Scand J Public Health. 2012;40(4):391–397.

29. Cohen S, Kamarck T, Mermelstein R. A global measure of
perceived stress. J Health Soc Behav. 1983;24(4):385–396.

30. Cohen S, Williamson G. Perceived stress in a probability
sample in the United States. In: Spacapan S, Oskamp S, eds.
The Social Psychology of Health: The Claremont Symposium
on Applied Social Psychology. Newbury Park, CA: SAGE
Publications, Inc.; 1988:31–67.

31. Lee EH. Review of the psychometric evidence of the Perceived
Stress Scale. Asian Nurs Res (Korean Soc Nurs Sci). 2012;6(4):
121–127.

32. Diederichs C, Berger K, Bartels DB. The measurement of
multiple chronic diseases—a systematic review on existing
multimorbidity indices. J Gerontol A Biol Sci Med Sci. 2011;
66(3):301–311.

33. Huntley AL, Johnson R, Purdy S, et al. Measures of
multimorbidity and morbidity burden for use in primary care
and community settings: a systematic review and guide. Ann
Fam Med. 2012;10(2):134–141.

34. Charlson ME, Pompei P, Ales KL, et al. A new method of
classifying prognostic comorbidity in longitudinal studies:
development and validation. J Chronic Dis. 1987;40(5):
373–383.

35. Elixhauser A, Steiner C, Harris DR, et al. Comorbidity
measures for use with administrative data. Med Care. 1998;
36(1):8–27.

36. van den Bussche H, Koller D, Kolonko T, et al. Which
chronic diseases and disease combinations are specific to

Perceived Stress, Multimorbidity, and Mortality 209

Am J Epidemiol. 2016;184(3):199–210

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/184/3/199/2195463 by guest on 20 August 2022



multimorbidity in the elderly? Results of a claims data based
cross-sectional study in Germany. BMC Public Health. 2011;
11:101.

37. Huber CA, Szucs TD, Rapold R, et al. Identifying patients with
chronic conditions using pharmacy data in Switzerland: an
updated mapping approach to the classification of medications.
BMC Public Health. 2013;13:1030.

38. Andersen TF, Madsen M, Jørgensen J, et al. The Danish
National Hospital Register. A valuable source of data for
modern health sciences. Dan Med Bull. 1999;46(3):263–268.

39. Carstensen B, Kristensen JK, Marcussen MM, et al. The
National Diabetes Register. Scand J Public Health. 2011;
39(7 suppl):58–61.

40. Gjerstorff ML. The Danish Cancer Registry. Scand J Public
Health. 2011;39(7 suppl):42–45.

41. Mors O, Perto GP, Mortensen PB. The Danish Psychiatric
Central Research Register. Scand J Public Health. 2011;
39(7 suppl):54–57.

42. Kildemoes HW, Sørensen HT, Hallas J. The Danish
National Prescription Registry. Scand J Public Health. 2011;
39(7 suppl):38–41.

43. Pedersen CB, Gøtzsche H, Møller JO, et al. The Danish Civil
Registration System. A cohort of eight million persons. Dan
Med Bull. 2006;53(4):441–449.

44. Statistics Denmark. The Danish System for Access to Micro
Data. http://www.dst.dk/ext/645846915/0/forskning/
Access-to-micro-data-at-Statistics-Denmark_2014-pdf.
Updated April 2014. Accessed May 20, 2015.

45. White IR, Royston P, Wood AM. Multiple imputation using
chained equations: issues and guidance for practice. Stat Med.
2011;30(4):377–399.

46. Parner ET, Andersen PK. Regression analysis of censored data
using pseudo-observations. Stata J. 2010;10(3):408–422.

47. Barbosa-Leiker C, Kostick M, Lei M, et al. Measurement
invariance of the Perceived Stress Scale and latent mean
differences across gender and time. Stress Health. 2013;29(3):
253–260.

48. Marmot M, Allen J, Bell R, et al. WHO European review of
social determinants of health and the health divide. Lancet.
2012;380(9846):1011–1029.

49. Bohlmeijer E, Prenger R, Taal E, et al. The effects of
mindfulness-based stress reduction therapy on mental health
of adults with a chronic medical disease: a meta-analysis.
J Psychosom Res. 2010;68(6):539–544.

50. Keyworth C, Knopp J, Roughley K, et al. A mixed-methods
pilot study of the acceptability and effectiveness of a brief
meditation and mindfulness intervention for people with
diabetes and coronary heart disease. Behav Med. 2014;40(2):
53–64.

51. Katon WJ, Lin EH, Von Korff M, et al. Collaborative care for
patients with depression and chronic illnesses. N Engl J Med.
2010;363(27):2611–2620.

52. Sharpe M, Walker J, Holm Hansen C, et al. Integrated
collaborative care for comorbid major depression in patients
with cancer (SMaRT Oncology-2): a multicentre randomised
controlled effectiveness trial. Lancet. 2014;384(9948):
1099–1108.

53. Coventry P, Lovell K, Dickens C, et al. Integrated primary care
for patients with mental and physical multimorbidity: cluster
randomised controlled trial of collaborative care for patients
with depression comorbid with diabetes or cardiovascular
disease. BMJ. 2015;350:h638.

54. Smith SM, Soubhi H, Fortin M, et al. Managing patients
with multimorbidity: systematic review of interventions
in primary care and community settings. BMJ. 2012;345:
e5205.

210 Prior et al.

Am J Epidemiol. 2016;184(3):199–210

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/184/3/199/2195463 by guest on 20 August 2022

http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf
http://www.dst.dk/ext/645846915/0/forskning/Access-to-micro-data-at-Statistics-Denmark_2014-pdf

