
Introduction

Despite considerable use of accreditation to ensure quality in health-
care, studies on its effectiveness remain sparse [1–4]. Previous system-
atic reviews have reached diverging conclusions [1–3]. A positive
association between accreditation and professional development,
and some processes of care, has been demonstrated [3, 5]. However,
little is known about the impact of accreditation on clinical outcomes
and more insight is needed to justify the substantial effort dedicated to
achieve compliance with accreditation programmes [4].

Few studies have examined the association between accreditation
of healthcare organizations and patient mortality, mainly by studying
differences between accredited and non-accredited hospitals or before
and after accreditation was introduced [6–10]. Reduced in-hospital
mortality was found in favour of accreditation in three studies [6, 8,
9], while two studies were unable to demonstrate such differences
[7, 10]. The studies were limited by examining only the possible role
of accreditation in relation to specific conditions (i.e. acute myocardial
infarction or acute ischaemic stroke) and in counting in-hospital
death, only. A US study analysed the association between the accre-
dited hospitals’ overall compliance with the accreditation programme
and mortality for patients with acute myocardial infarction also and
found a higher mortality risk for partially and not accredited hospitals
compared with fully accredited hospitals [9]. However, the overall
evidence-base understanding regarding the relation between accredit-
ation and patient outcomes remain weak and in combination with the
worldwide use of accreditation to evaluate healthcare organizations
more insight is clearly warranted.

Therefore, we examined the association between compliance with
national accreditation programme and 30-day mortality after admit-
tance to Danish hospitals. The hypothesis was that the risk of dying
within 30 days after admission was lower for in-patients admitted at
hospitals fully compliant with the accreditation programme than for
in-patients admitted at hospitals partially compliant.

Methods

Anationwide population-based follow-up studywas performed cover-
ing in-patients admitted to public, non-psychiatric hospitals in Den-
mark during 15 November 2009 to 10 December 2012. Denmark’s
5.6 million inhabitants have unfettered access to hospitals because
of publicly funding through taxes. All inhabitants are assigned a un-
ique central personal registry number at birth or at immigration enab-
ling accurate and unambiguous individual-level record linkage across
all public registries [11].

Accreditation of the Danish healthcare system

The first version of Danish Healthcare Quality Programme (DDKM)
for hospitals was launched in 2009 and met the requirements of IS-
Qua’s international principles for developing healthcare standards
[12]. The vision of DDKM is multi-dimensional, ranging from high-
lighting the quality of health care to preventing errors that cause
death and lower quality of life [13].

Accreditation by the DDKM is mandatory for all public Danish
hospitals, thus all hospitals were accredited between 2010 and 2012
[14]. The DDKM comprised of 104 standards divided into 453 meas-
urable elements (e.g. an indicator or a criterion). The standards incor-
porated the Plan-Do-Check-Act circle and were grouped into
organizational, general patient pathway and disease-specific standards
(an English version is available at http://www.ikas.dk/IKAS/English.
aspx).

A team of surveyors judged hospital’s compliance to the DDKM
during an on-site survey. Hospital performance was assessed on a
three-dimensional scale by means of interviewing staff, reviewing
guidelines and, to a lesser extent, observing procedures and conduct-
ing tracers. Based on these findings, the hospital as a whole was
awarded a level of accreditation; ‘Accredited’, ‘Accredited with com-
ments’ or ‘Conditionally accredited’ (first proceeding). Hospitals
awarded ‘accredited with comments’ or ‘conditionally accredited’
were offered a follow-up activity in order to support improvements.
If the majority of the deficiencies were related to the ‘Do’-part of the
quality circle, a return-visit by a reduced survey team would take
place, whereas hospitals with deficiencies mainly related to the
‘Plan, Study or Act’-parts were given the opportunity to submit add-
itional documentation. Based on completion of the follow-up activity,
a final level of accreditationwas awarded (final proceeding). All survey
reports are fully accessible at a public website, including information
on the level of accreditation, and compliance with standards and
measurable elements [15].

A total of 34 public, non-psychiatric hospitals were accredited by
the DDKM between 2010 and 2012. Three hospitals were excluded
from this study due to the nature of patient population treated (hospi-
tals treating only: obstetric and pregnant patients, elective patients,
and in-patients undergoing intensive care or anaesthesia). Compliance
with accreditation was defined in accordancewith the first proceeding,
where 11 hospitals were accredited and 20 were accredited with com-
ments, in this paper referred to as fully accredited and partially accre-
dited hospitals (no hospitals were conditionally accredited). Fully
accredited hospitals had at most one standard partially or not met,
while partially accredited hospitals had between 2 and 22 standards
partially or not met. Follow-up activity in the form of a return-visit
took place at 10 of the partially accredited hospitals whereas the re-
maining 11 hospitals submitted additional documentation. Hospitals
characteristics including previous accreditation (yes/no), university af-
filiation (yes/no) and time of survey (before/after July 2011) are pre-
sented in Table 2. As these characteristics may be linked with
mortality, their roles as possible confounding factors/effect modifiers
of the association between compliance with hospital accreditation and
mortality were examined in stratified analyses [16, 17].

Owing to the DDKM’s multi-dimensional vision, some standards
were intended to have a greater impact on mortality than others. An
expert panel with profound knowledge of the DDKM and/or the
Danish healthcare system was appointed to identify standards with
a priori expected impact on 30-day mortality. Independently, the ex-
perts picked the standards considered to have impact on 30-day mor-
tality and subsequently prioritized these in terms of importance. A
standard was selected for further analysis if all three criteria were ful-
filled; (i) at least three experts had selected the standard as important,
(ii) the standard was ranked among the 25 most important, and (iii) at
least three hospitals were partially or non-compliant. Four standards
fulfilled the inclusion criteria. We defined hospitals compliant with all
four standards as compliant hospitals (n = 22; corresponding to 11
fully and 11 partially accredited hospitals in the first proceeding)
and hospitals partially or not compliant with one or more of the stan-
dards as non-compliant (n = 9; all partially accredited hospitals in the
first proceeding).

As a supplementary analysis, we reassessed the original level of ac-
creditation by applying the updated rating principles of 2012 to ac-
count for any possible misclassification of the accreditation level
[15]. The new rating principles were developed to ensure a transparent
allocation to the accreditation level. Three specialists reassessed all
partially and non-compliant standards using a pre-specified protocol
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Table 1 Description of the 80 included diagnoses accounting for 80% of all death within 30 days after admissions in Denmark in 2008

ICD-10
code

Description Diagnoses included for supplementary analysis
according to the standards:

“Observation and follow-up
on critical observation results”

“Treatment of
cardiac arrest”

J18 Pneumonia, organism unspecified
Z03 Medical observation and evaluation for suspected diseases and conditions
A41 Other sepsis X
J96 Respiratory failure, not elsewhere classified
C34 Benign neoplasm of thyroid gland
S72 Fracture of femur X
E86 Volume depletion
J44 Other chronic obstructive pulmonary disease
I21 Acute myocardial infarct X
I50 Heart failure X
I61 Intracerebral haemorrhage X
I46 Cardiac arrest X X
J15 Bacterial pneumonia, not elsewhere classified
I64 stroke, not specified as haemorrhage or infarction X
I63 Cerebral infarction X
C18 Malignant neoplasm of colon
C78 Secondary malignant neoplasm of respiratory and digestive organs
K92 Other diseases of digestive system
K56 Paralytic ileus and intestinal obstruction without hernia X
R10 Abdominal and pelvic pain
I71 Aortic aneurysm and dissection X
C25 Malignant neoplasm of pancreas
D64 Other anaemias
N30 Cystitis
I48 Atrial fibrillation and flutter X
K70 Alcoholic liver disease
C79 Secondary malignant neoplasm of other and unspecified sites
S06 Intracranial injury X
N39 Other disorders of urinary system
C61 Malignant neoplasm of prostate
N18 Chronic kidney disease
R09 Other symptoms and signs involving the circulatory and respiratory systems X
C50 Malignant neoplasm of breast
R52 Pain, not elsewhere classified
R06 Abnormalities of breathing
D63 Anaemia in chronic diseases classified elsewhere
I26 Pulmonary embolism X X
I70 Atherosclerosis X
J81 Pulmonary oedema X
C20 Malignant neoplasm of rectum
J22 Unspecified acute lower respiratory infection
Z50 Care involving use of rehabilitation procedures
I60 Subarachnoid haemorrhage
C67 Malignant neoplasm of bladder
K72 Hepatic failure, not elsewhere classified X
R57 Shock, not elsewhere classified X X
R18 Ascites
K59 Other functional intestinal disorders
K25 Gastric ulcer
K26 Duodenal ulcer
C16 Malignant neoplasm of stomach
Z51 Other medical care
E87 Other disorders of fluid, electrolyte and acid-base balance
R50 Fever of other and unknown origin
I25 Chronic ischaemic heart disease X
N19 Unspecified kidney failure
C15 Malignant neoplasm of oesophagus
I35 Nonrheumatic aortic valve disorders X

Table continued
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and any differences were resolved after discussion and consensus. The
reassessment resulted in a lower level of accreditation for five hospitals
of which two hospitals were lowered to ‘conditionally accredited’ de-
fined as ‘non-accredited hospitals’. For the selection of standards with
a priori expected impact on 30-day mortality, the reassessment re-
sulted in 12 standards fulfilled the inclusion criterion listed in the para-
graph above. The numbers of standards increased, as a higher
proportion of hospitals was classified partially compliant due to
tougher requirements for fulfilling an indicator. Again, hospitals
were defined as compliant if all 12 standards were fulfilled (n = 7;
five fully and two partially accredited hospitals) and hospitals as non-
compliant if one or more standards were partially fulfilled (n = 24; 6
fully and 18 partially accredited hospitals).

Study population

The Danish National Registry of Patients (DNRP) was used to identify
all in-patients admitted from 15 November 2009 to 10 December
2012 [18]. The registry encompasses information on all admissions
and discharges from all Danish non-psychiatric hospitals. Based on
all admissions in 2008 we identified the primary diagnoses, listed in
Table 1, (n = 80) which accounted for 80% of all deaths occurring
within 30 days after admission at Danish hospitals. These diagnoses
have been used since 2008 to compute hospital-standardizedmortality
ratio [19]. To reduce the heterogeneity of the included patients, the
present study was restricted to in-patients with one of these 80 diagno-
ses. In-patients were included if admission took place in a 12-month
inclusion period for each hospital; computed from ±6 month from
the hospitals first day of on-site survey. We considered this period ap-
propriate as an enhanced effort to meet the accreditation requirements
started ∼6 months before the on-site survey and additional work to
become fully compliant to the DDKM ended within 6 months after

the on-site survey. If the in-patients had more than one admission in
the hospitals inclusion period, we included only the first admission.
In-patients with an invalid civil registration number, e.g. foreign na-
tionals treated in Danish hospitals, were excluded. A flowchart of
the identification of the study population is presented in Fig. 1.

Mortality

The outcome was death from any cause within 30 days after admis-
sion. Information on all-cause mortality was obtained from The
Danish Civil Registration System, regardless of whether the patient
was admitted or discharged at the time of death [11]. Since 1968,
this registry has recorded all changes in vital status and migration
for the entire Danish population on a daily basis and is regarded as
highly accurate.

Covariates

As potential confounding factors, information was obtained from
DNRP on age (<50 years, 50–64, 65–80 and >80 years), gender, pri-
mary diagnosis (in 11 categories corresponding to ICD-10s chapters),
type of admission (acute and elective), marital status (married, unmar-
ried, divorced, and widow (obtained and defined by the Danish
Civil Registration System)) and comorbidity. The Charlson comorbid-
ity index was used to assess comorbidity [20]. The index assigns be-
tween one and six points to a range of diseases, depending on their
relation to mortality in the subsequent year during the era when the
index was developed. The predictive value of the diagnoses included
in the Charlson index has previously been shown to be high in
DNRP [21]. All diagnoses registered in DNRP on admission (since
1977) or outpatient contact (since 1995), prior to the time of inclusion
in this study, were included in the calculations of a comorbidity score.
If the patient’s primary diagnosis was one of the 19 conditions

Table 1 Continued

ICD-10
code

Description Diagnoses included for supplementary analysis
according to the standards:

“Observation and follow-up
on critical observation results”

“Treatment of
cardiac arrest”

I69 Sequelae of cerebrovascular disease
E11 Non-insulin-dependent diabetes mellitus
N17 Acute renal failure
A49 Bacterial infection of unspecified site
K62 Other diseases of anus and rectum
F10 Mental and behavioural disorders due to use of alcohol
K55 Vascular disorders of intestine X
J69 Pneumonitis due to solids and liquids
C56 Malignant neoplasm of ovary
K65 Peritonitis X
C71 Malignant neoplasm of brain
C92 Myeloid leukaemia
R17 Unspecified jaundice
C22 Malignant neoplasm of liver and intrahepatic bile ducts
C90 Multiple myeloma and malignant plasma cell neoplasms
J90 Pleural effusion, not elsewhere classified
A09 Other gastroenteritis and colitis of infectious and unspec origin
R31 Unspecified haematuria
K57 Diverticular disease of intestine
S32 Fracture of lumbar spine and pelvis
C64 Malignant neoplasm of kidney, except renal pelvis
G12 Spinal muscular atrophy and related syndromes
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originally included in the index, we modified the comorbidity score by
not taking the condition into account when computing the score for
the patient. On the basis of this method, a comorbidity score was com-
puted for each patient and three categories were defined (no comorbid-
ity, low, and high (≥3 comorbidities)).

Statistical analysis

In-patients were followed up from the date of admission until 30 days
after admission or date of death, whichever occurred first. In the pri-
mary analysis, 30-day mortality of in-patients admitted at fully

accredited hospitals were compared with 30-day mortality in-patients
at partially accredited hospital. The analysis was repeated with partial-
ly accredited hospitals divided according to the type of follow-up ac-
tivity. Secondary analyses examined the association between
compliance to the four selected standards and 30-day mortality by
comparing in-patients admitted at compliant with non-compliant hos-
pitals. These analyses were done for both the entire study population
and for subgroups of in-patients in which hospital compliance with
two of the selected standards individually were presumed to be of par-
ticular importance, see Table 1 (i.e. compliance with ‘Observation and
follow-up on critical observations results’ was based on in-patients

Table 2 Patients characteristic for in-patients admitted at accredited, Danish hospitals according to the first version of DDKM for hospitals

(N = 276 980) and hospitals characteristic (N = 31) Counts (%)

In-patients characteristics Admissions at partially accredited
hospital (n = 200 462)

Admissions at fully accredited
hospital (n = 76 518)

Age (years)
<50 64 743 (32) 22 486 (29)
50–64 41 772 (21) 15 371 (20)
65–80 57 605 (29) 22 656 (30)
>80 36 342 (18) 16 005 (21)

Gender
Women 102 804 (51) 40 395 (53)
Men 97 658 (49) 36 123 (47)

Marital status
Unmarried 55 254 (28) 19 124 (25)
Married 85 335 (43) 31 802 (42)
Divorced 24 916 (12) 10 998 (14)
Widow 34 955 (17) 14 593 (19)
Unknown 2 (0) 1 (0)

Comorbidity statusa

No comorbidity 108 563 (54) 40 038 (52)
Low 60 942 (30) 23 946 (31)
High 30 957 (15) 12 534 (16)

Type of admission
Acute 163 413 (82) 67 881 (89)
Elective 36 870 (18) 8640 (11)

Primary diagnosisb

Certain infectious and parasitic diseases 7491 (4) 2774 (3)
Neoplasms 17 157 (9) 2787 (3)
Diseases of the blood and blood-forming organs and certain disorders
involving the immune mechanism

2743 (1) 1104 (1)

Endocrine, nutritional and metabolic diseases 6653 (3) 2934 (4)
Diseases of the circulatory system 28 799 (14) 12 882 (17)
Diseases of the respiratory system 20 945 (10) 9830 (13)
Diseases of the digestive system 12 784 (6) 4690 (6)
Diseases of the genitourinary system 8 650 (4) 3251 (4)
Factors influencing health status 52 051 (26) 21 093 (28)
Injury, poisoning etc. 11 169 (6) 3868 (5)
Others 32 020 (16) 11 305 (15)

Hospitals characteristics Partially accredited (n = 20) Fully accredited (n = 11)

University affiliation
Yes 8 (40) 4 (36)
No 12 (60) 7 (64)

Previous accreditation
Yes 5 (25) 8 (73)
No 15 (75) 3 (27)

Time of on-site survey
June 2010 to June 2011 13 (65) 2 (18)
July 2011 to June 2012 7 (35) 9 (82)

aCategories of comorbidity were based on Charlson comorbidity index scores (no comorbidity = 0, low = 1 and 2, and high =≥3).
bCategories of underlying diseases were based on chapters of the WHO’s International Classification of Diseases and Related Health Problem, 10. Revision.
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with acute critical conditions (15 diagnoses) and ‘Treatment of cardiac
arrest’ on in-patients with cardiovascular diseases (10 diagnoses)). All
analyses were also repeated in supplementary analysis using the up-
dated rating principles from 2012.

Multivariable logistic regression was performed in all analyses to
compute odds ratio (OR) and 95% confidence interval (95% CI). In
all analyses we controlled for the covariates described above. Robust
standard error adjustment was used to account for a possible within-
hospital clustering because in-patient at the one hospital are more like-
ly treated similarly relative to in-patients at another hospital (minimize
the risk of type-1 error). Stratified analyses were conducted according
to hospitals characteristics; previous accredited (yes/no), university
affiliation (yes/no) and time of on-site survey (June 2010 to June
2011/July 2011 to June 2012) to examine the role of calendar time.

Differences <0.05 were considered statistical significant. All ana-
lyses were performed using STATA, version 12 (StataCorp. 2011. Col-
lege Station, TX: StataCorp LP).

Results

The final study cohort consisted of 276 980 in-patients, of whom
76 518 were admitted at fully accredited hospitals (27.63%) and

200 462 at partially accredited hospitals (72.37%). Baseline patient
characteristics are presented in Table 2.

Of the included 276 980 in-patients, 11 755 died within 30-days of
admission. The 30-day mortality risk for in-patients at fully accredited
hospitals was 4.14% (95% CI 4.00–4.28) and 4.28% (95% CI 4.20–
4.37) for in-patients at partially accredited hospitals.Mortality risk in-
cluding crude and adjusted ORs are presented in Table 3. A lower risk
of dying within 30-days of admission was found for in-patients at fully
accredited hospitals than for in-patients at partially accredited hospi-
tals (adjusted OR 0.83; 95% CI 0.72–0.96). Dividing partially accre-
dited hospitals according to the type of follow-up activity revealed that
in-patients at hospitals requested to submit documentation were less
likely to die within 30 days of admission compared with in-patients
at hospitals having a return-visit (adjusted OR 0.83; 95%CI 0.67–
1.02). Stratifying for previous accreditation, university affiliation
and time of on-site survey did not substantially change the estimates
(data not shown).

For the four standards with a priori expected impact on 30-day
mortality risk, we found a similar pattern with in-patients admitted
at compliant hospitals having a lower 30-day mortality risk than in-
patient at non-compliant hospitals (adjusted OR 0.82; 95% CI
0.70–0.97); see Table 3. The association was particularly strong for

Figure 1 Flowchart of in-patients included in the study.
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the standards on risk management and observation and follow-up on
critical observation results (risk management: adjusted OR 0.69; 95%
CI 0.52–0.91; critical observation results: adjusted OR 0.67; 95% CI
0.54–0.82).

When examining the association between compliance with the in-
dividual standards and 30-daymortality risk in subgroups of the study
population, we found that in-patients with acute critical conditions
admitted at hospitals compliant with the standard ‘Observation and
follow-up on critical observation results’ (n = 10 445) had a substan-
tially lower 30-day mortality risk than corresponding in-patients ad-
mitted to non-compliant hospitals (n = 27 019) (adjusted OR 0.49;
95% CI 0.37–0.65). Likewise patients with cardiovascular disease
admitted to hospitals compliant with the standard ‘Treatment of car-
diac arrest’ (n = 8 169) had a lower 30-day mortality risk than cardio-
vascular in-patients admitted to non-compliant hospitals (n = 17 629)
(adjusted OR 0.61; 95% CI 0.38–0.99).

The findings from the primary analyses were corroborated by the
results of the supplementary analyses where hospitals were classified
according to the rating principles of 2012. Here 64 563 in-patients
were admitted at fully accredited hospitals (23.31%), 188 585 at par-
tially accredited hospitals (68.09%) and 23 832 at non-accredited hos-
pitals (8.60%). The proportion of in-patients dying within 30 days of
admission was 4.06% (95% CI 3.91–4.21) at fully accredited hospi-
tals, 4.23% (95% CI 4.14–4.32) at partially accredited hospitals and

4.85% (95%CI 4.57–5.12) for in-patients at not accredited hospitals.
Mortality risk including crude and adjusted estimates are presented in
Table 4. Using in-patients at partially accredited hospitals as reference
group, the adjustedORs for death within 30 days after admission were
0.87 (95% CI 0.74–1.02) for in-patients at fully accredited hospitals
and 1.18 (95% CI 1.05–1.34) for in-patients at not-accredited hospi-
tals, respectively.

Discussion

The present study is the first nationwide study to explore the associ-
ation between compliance to accreditation standards and 30-day mor-
tality. We found a lower 30-day mortality risk for in-patients with one
of the 80 selected diagnoses admitted at fully accredited hospitals com-
pared with in-patients at partially accredited hospitals. This finding
was corroborated in all of the additionally analyses performed.

Strengths and weaknesses

The strengths of the study included the nationwide, population-based
design, the availability of prospectively collected comprehensive pa-
tient data and the complete follow-up that limits the risk of selection
and information bias. Furthermore, the control for important patient
characteristics in the analyses such as gender, age and comorbidities

Table 3 Thirty-day mortality risk and OR for in-patients admitted at accredited, Danish hospitals according to the first version of DDKM for

hospitals

Hospitals counts
(N = 31)

In-patients counts
(N = 276 980)

30-day mortality risk
% (95% CI)

30-day mortality

OR (95% CI)

Crude Adjusteda

Compliance with accreditation
In-patients at partially accredited hospitals 20 200 462 4.28 (4.19–4.37) 1.00 1.00
In-patients at fully accredited hospitals 11 76 518 4.14 (4.00–4.28) 0.97 (0.93–1.01) 0.83 (0.72–0.96)

Compliance according to follow-up activity
In-patients at hospitals having a return visit 11 103 677 4.62 (4.45–4.75) 1.00 1.00
In-patients at hospitals submitting
documentation

9 96 785 3.92 (3.80–4.05) 0.84 (0.81–0.88) 0.83 (0.68–1.02)

In-patients at hospitals with no follow-up
(fully accredited)

11 76 518 4.14 (4.00–4.28) 0.89 (0.85–0.93) 0.76 (0.65–0.89)

Compliance with four standards combined
In-patients at non-compliant hospitals 9 74 626 4.48 (4.33–4.63) 1.00 1.00
In-patients at fully compliant hospitals 22 202 354 4.16 (4.07–4.25) 0.93 (0.89–0.96) 0.82 (0.70–0.97)

Compliance with individual standards
Organisational standard
Risk management
In-patients at non-compliant hospitals 3 25 643 4.18 (3.94–4.43) 1.00 1.00
In-patients at fully compliant hospitals 28 251 337 4.25 (4.17–4.33) 1.02 (0.95–1.08) 0.69 (0.52–0.91)

General patient pathway standards
Timely reaction to test results
In-patients at non-compliant hospitals 3 36 489 4.34 (4.13–4.56) 1.00 1.00
In-patients at fully compliant hospitals 28 240 491 4.23 (4.15–4.31) 0.97 (0.92–1.03) 0.95 (0.83–1.09)

Observation and follow-up on critical observation results
In-patients at non-compliant hospitals 3 33 366 4.82 (4.59–5.05) 1.00 1.00
In-patients at fully compliant hospitals 28 243 614 4.16 (4.08–4.24) 0.86 (0.81–0.91) 0.67 (0.54–0.82)

Treatment of cardiac arrest
In-patients at non-compliant hospitals 4 13 937 5.49 (5.11–5.87) 1.00 1.00
In-patients at fully compliant hospitals 27 263 043 4.18 (4.10–4.25) 0.75 (0.70–0.81) 0.89 (0.78–1.01)

aAdjusted for age, gender, comorbidity, primary diagnose, type of admission, andmarital status, including robust standard error at hospital level based on data from
276 977 in-patients
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and the robustness of the findings across a range of subgroup and al-
ternative analyses reduces the risk that the findings could be explained
by confounding. The limitations included the accuracy of the DDKM
accreditation data, including the unknown inter-reliability of

assessments made by surveyors and survey teams [22, 23]. However,
hospitals were accredited by the same accreditation programmewithin
2 years and any potential misclassification would most likely be of a
non-differential nature and bias the results towards the null.

Table 4 Thirty-day mortality risk and OR for in-patients admitted at accredited, Danish hospitals according to the first version of DDKM for

hospitals by the rating principles of 2012

Hospitals counts
(N = 31)

In-patients counts
(N = 276 980)

30-day mortality
risk % (95% CI)

30-day mortality

OR (95% CI)

Crude Adjusteda

Compliance with accreditation according to the rating principles of 2012
In-patients at fully accredited hospitals 8 64 563 4.06 (3.91–4.21) 0.96 (0.92–1.00) 0.87 (0.74–1.02)
In-patients at partially accredited hospitals 21 188 585 4.23 (4.14–4.32) 1.00 1.00
In-patients at non-accredited hospitals 2 23 832 4.85 (4.57–5.12) 1.15 (1.08–1.23) 1.18 (1.05–1.34)
Compliance with 12 standards combined
In-patients at non-compliant hospitals 24 216 880 4.48 (4.39–4.57) 1.00 1.00
In-patients at fully compliant hospitals 7 60 100 3.40 (3.25–3.54) 0.75 (0.71–0.79) 0.77 (0.66–0.90)
Compliance with individual standards
Organisational standards
Quality improvement
In-patients at non-compliant hospitals 6 81 166 4.86 (4.71–5.01) 1.00 1.00
In-patients at fully compliant hospitals 25 195 814 3.99 (3.90–4.07) 0.81 (0.78–0.85) 0.70 (0.62–0.79)
Risk management
In-patients at non-compliant hospitals 3 25 643 4.18 (3.94–4.43) 1.00 1.00
In-patients at fully compliant hospitals 28 251 337 4.25 (4.17–4.33) 1.02 (0.95–1.08) 0.69 (0.52–0.91)
Hand hygiene
In-patients at non-compliant hospitals 6 63 779 4.28 (4.12–4.44) 1.00 1.00
In-patients at fully compliant hospitals 25 213 201 4.23 (4.15–4.32) 0.99 (0.95–1.03) 1.04 (0.90–1.20)
General patient pathway standards
Integrated care pathway
In-patients at non-compliant hospitals 3 30 563 4.30 (4.07–4.52) 1.00 1.00
In-patients at fully compliant hospitals 28 246 417 4.24 (4.16–4.32) 0.99 (0.93–1.05) 0.91 (0.74–1.12)
Treatment plan in somatic care
In-patients at non-compliant hospitals 4 31 884 4.59 (4.36–4.82) 1.00 1.00
In-patients at fully compliant hospitals 27 245 096 4.20 (4.12–4.28) 0.91 (0.86–0.96) 0.94 (0.78–1.33)
Assessment of suicide risk
In-patients at non-compliant hospitals 3 40 375 4.50 (4.30–4.70) 1.00 1.00
In-patients at fully compliant hospitals 28 236 605 4.20 (4.12–4.28) 0.93 (0.88–0.98) 0.97 (0.87–1.09)
Timely reaction to test results
In-patients at non-compliant hospitals 7 79 278 4.16 (4.02–4.30) 1.00 1.00
In-patients at fully compliant hospitals 24 197 705 4.28 (4.19–4.37) 1.03 (0.99–1.07) 0.99 (0.87–1.13)
Prescription of medicine
In-patients at non-compliant hospitals 4 33 823 4.90 (4.67–5.13) 1.00 1.00
In-patients at fully compliant hospitals 27 243 157 4.15 (4.07–4.23) 0.84 (0.80–0.89) 0.84 (0.75–0.94)
Observation and follow-up on critical observation results
In-patients at non-compliant hospitals 4 43 835 4.97 (4.76–5.17) 1.00 1.00
In-patients at fully compliant hospitals 27 233 145 4.11 (4.03–4.19) 0.82 (0.78–0.86) 0.70 (0.58–0.83)
Treatment of cardiac arrest
In-patients at non-compliant hospitals 7 37 839 4.76 (4.55–4.98) 1.00 1.00
In-patients at fully compliant hospitals 24 239 141 4.16 (4.08–4.24) 0.87 (0.82–0.91) 0.94 (0.79–1.12)
Disease-specific standards
Cardiac insufficiencyb

In-patients at non-compliant hospitals 4 37 877 4.47 (4.26–4.68) 1.00 1.00
In-patients at fully compliant hospitals 25 226 823 4.22 (4.14–4.31) 0.94 (0.89–0.99) 0.91 (0.74–1.12)
Perforation of gastric ulcerc

In-patients at non-compliant hospitals 3 34 593 4.99 (4.76–5.22) 1.00 1.00
In-patients at fully compliant hospitals 18 206 726 4.12 (4.03–4.20) 0.82 (0.77–0.86) 0.86 (0.76–0.97)

aAdjusted for age, gender, comorbidity, primary diagnose, type of admission, andmarital status, including robust standard error at hospital level based on data from
276 977 in-patients.

bThe standard was not relevant for two hospitals as no in-patients were treated with cardiac insufficient.
cThe standard was not relevant for ten hospitals as no in-patients were treated with perforated gastric ulcer.
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Information on disease severity was not available in the medical regis-
tries for which reason unaccounted confounding cannot be excluded.
Furthermore, we cannot exclude the possibility that our results may be
influenced by residual or unaccounted confounding due to the non-
randomized design, although substantial efforts were made to account
for possible confounding. Thus, before generalizing our findings to
other accreditation programmes and settings differences must be eval-
uated to identify how potential differences could modify our results.

Comparison with other studies

Our study extends the findings from the study by Chen et al. based on
3179 surveyed US hospitals [6]. The study compared 30-day mortality
risk after haematopoietic stem-cell transplantation according to four
levels of compliance to accreditation standards provided by the Joint
Commission. A higher mortality risk was found in partially and not
accredited hospitals compared with fully accredited hospitals which
agreed with our findings (crude hazard ratio; partially: 1.15 and not
accredited: 1.06). Similarly to the DDKM accreditation, the vast ma-
jority of the hospitals were accredited with recommendation (2668 out
of 3179 hospitals) but no attempts were made by Chen et al. in order
to subcategorize these hospitals.

Despite years of using accreditation, only two randomized con-
trolled trials were identified in a Cochrane review that examined the
effect of accreditation [2]. In Denmark a political decision of a man-
datory accreditation programme for public hospitals hampered the
possibility to perform a randomized controlled trial. On the other
hand, it may be questioned whether randomized control accreditation
trials will be appropriate to reach firm conclusions since there are large
methodological challenges in exploring complicated and context-
sensitive methods like accreditation by an experimental design [24,
25]. Furthermore, accreditation is primarily introduced either by
healthcare’s authorities or as a financial incentive which will reduce
the possibility to find eligible participants for such a design.

Perspectives

Our findings lend to support the hypothesis that compliance with ac-
creditation standards is associated with improved clinical outcomes,
including lower patient mortality. However, the nature of this associ-
ation remains to be further clarified. Although better compliance with
the accreditation standards was associated with lower mortality risk in
our study, this does not necessarily reflect that the accreditations stan-
dards per se were responsible for the lower mortality. In addition to
accreditation, a number of other nationwide quality improvement in-
itiatives have been launched within the last decade in Denmark. This
includes a Danish version of Institute of Healthcare Improvement’s
100 000 Lives Campaign (active from 2007 to 2009) and continuous
indicator monitoring and auditing through Clinical Quality Databases
covering major disease areas including stroke, heart failure, diabetes
and hip fracture. It is likely that these initiatives may have had a direct
effect on patient mortality. However, the possibly impact of these in-
itiatives does not preclude that compliance with hospital accreditation
may play a role and perhaps even a causal one in relation to a reduced
patient mortality. In fact, an ability to effectively implement other
quality improvement initiatives could well be a direct consequence
of shaping and training an organization according to the accreditation
standards. Alternatively, high compliance with the accreditation stan-
dards could just be non-causal markers of high-performing hospitals,
which are characterized by delivering high-quality care that ensure
good clinical outcomes, including low mortality risks. More insights
into the effect of accreditation on patient outcomes and processes of

care, including the cost-effectiveness of this quality improvement strat-
egy, are clearly needed.

Conclusion

The 30-day mortality risk was lower for in-patients admitted at hospi-
tals fully accredited by the first version of the DDKM than for in-
patients admitted to partially accredited hospitals. Further efforts
are warranted in order to determine whether the association is causal.
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Abstract

Objective: To examine the association between compliancewith hospital accreditation and length of

stay (LOS) and acute readmission (AR).

Design: A nationwide population-based follow-up study from November 2009 to December 2012.

Setting: Public, non-psychiatric Danish hospitals.

Participants: In-patients admitted with one of 80 diagnoses.

Intervention: Accreditation by the first version of The Danish Healthcare Quality Programme. Using

an on-site survey, surveyors assessed the level of compliance with the standards. The hospital was

awarded either fully (n = 11) or partially accredited (n = 20).

Main Outcome Measures: LOS including transfers between hospitals and all-cause AR within 30

days after discharge. The Cox Proportional Hazard regression was used to compute hazard ratios

(HRs) adjusted for potential confounding factors and cluster effect at hospital level.

Results: For analyses of LOS, 275 589 in-patients were included of whom 266 532 were discharged

alive and included in the AR analyses. The mean LOS was 4.51 days (95% confidence interval (CI):

4.46–4.57) at fully and 4.54 days (95% CI: 4.50–4.57) at partially accredited hospitals, respectively.

After adjusting for confounding factors, the adjusted HR for time to discharge was 1.07 (95% CI:

1.01–1.14). AR within 30 days after discharge was 13.70% (95% CI: 13.45–13.95) at fully and 12.72%

(95% CI: 12.57–12.86) at partially accredited hospitals, respectively, corresponding to an adjusted HR

of 1.01 (95% CI: 0.92–1.10).

Conclusion: Admissions at fully accredited hospitals were associated with a shorter LOS compared

with admissions at partially accredited hospitals, although the difference was modest. No difference

was observed in AR within 30 days after discharge.

Key words: certification/accreditation of hospitals, external quality assessment, readmissions, length of stay
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Introduction

During the last decade, hospitals have focussed on reducing LOS as it
may reduce the risk of iatrogenic harm (e.g. hospital-acquired infec-
tions), reduce costs and be in accordance with patient preferences.
Consequently, a shorter LOS is considered to be an indicator for hos-
pital efficiency [1]. To achieve this goal, proactive planning of the pa-
tients’ clinical pathway as well as active discharge planning needs to be
in place. On the other hand, a focus solely on reducing LOS could lead
to an increased risk of acute readmission (AR) as patients might be dis-
charged before they have reached medical stability. AR is therefore
often used as an indicator for hospital quality [2].

One strategy, introduced to hospitals worldwide as a method of
improving quality of care, is accreditation. Accreditation is based on
an external review process in which trained surveyors evaluate the or-
ganization’s compliance with pre-established standards by focussing
on continuous improvements within the organization [3]. In general,
accreditation programmes include standards aimed at supporting effi-
cient treatment and coherent patient pathways in order to ensure that
patients are admitted for the adequate amount of time and to avoid
preventable readmissions. Although the intention behind accredit-
ation is understandable and the method has been used for decades,
data on the relation between accreditation and these patient-related
outcomes are sparse [4–7]. Existing studies investigating the link be-
tween accreditation of healthcare organizations and LOS and AR
have shown diverging results as some are in favour of accreditation
[8–10] and others not [11, 12]. The studies have focussed on specific
conditions (e.g. stroke and heart failure) and have either compared ac-
credited with non-accredited hospitals or compared the periods before
and after the introduction of accreditation. So far, however, no studies
have examined the association between the level of compliance with
accreditation standards and LOS or AR.

Recently, we reported a lower risk of dying within 30 days after
admission for in-patients admitted to hospitals fully compliant with
accreditation standards compared with in-patients at partially compli-
ant hospitals in a Danish nationwide population-based study [13]. To
extend these findings, we examined the association between hospitals
compliance with accreditation and LOS, and AR in this cohort of in-
patients. We hypothesized that patients admitted at fully compliant
hospitals may experience shorter LOS and have less AR compared
with patients admitted at partially compliant hospitals.

Methods

We conducted a nationwide population-based follow-up study among
in-patients admitted to public, non-psychiatric hospitals in Denmark.
All of Denmark’s 5.6 million citizens have free access to all public, tax-
financed hospitals. A unique central personal registry number is
assigned to all citizens at birth or at immigration enabling accurate
and unambiguous individual-level record linkage across all public
registries [14].

Accreditation of the Danish healthcare system

In 2009, the first version of the DanishHealthcare Quality Programme
(DDKM; in Danish Den Danske Kvalitetsmodel) was launched with
the vision (among others) to ensure continuous improvement of qual-
ity, create better andmore coherent patient care and prevent errors and
adverse events that cause death, lower quality of life, and lead to un-
intended use of resources [15, 16]. DDKMmet the requirements of the
International Society of Quality in Health Care for developing health-
care standards [17].

Participation in DDKMwas mandatory for all public Danish hos-
pitals; thus, all hospitals were accredited by the first version between
2010 and 2012. The DDKM comprised of 104 standards, all addres-
sing different scopes and incorporating the Plan-Do-Check-Act cycle.
The standards were grouped into organizational, general patient path-
way, or disease-specific standards (an English version is available at
http://www.ikas.dk/IKAS/English/Accreditation-standards.aspx).

Compliance with the standards in the DDKM was measured by a
team of surveyors during an on-site visit. The surveyors assessed com-
pliance on a three-dimensional scale by means of interviewing staff,
reviewing guidelines and, to a lesser extent, observing procedures
and conducting tracers. Based on this on-site survey, the level of ac-
creditation was awarded for the hospital as a whole by ‘accredited’,
‘accredited with comments’ or ‘conditionally accredited’ (first pro-
ceeding). A follow-up activity was offered to hospitals awarded ‘accre-
dited with comments’ or ‘conditionally accredited’ in order to improve
compliance. A return-visit by a reduced survey team would take place
if a hospital’s deficiencies predominantly related to the ‘Do’-part of the
Plan-Do-Check-Act cycle while hospitals with deficiencies mainly re-
lated to the ‘Plan, Study or Act’-part were requested to submit add-
itional documentation. A final level of accreditation was awarded
based on the completion of the follow-up activity (final proceeding).
In order to ensure public disclosure, survey reports were fully access-
ible including information on the level of accreditation and compli-
ance with the standards (http://www.ikas.dk/Afgørelser/Sygehuse.
aspx).

A total of 34 public, non-psychiatric hospitals were accredited by
the first version of DDKM. Three hospitals were excluded from this
study because they treated selected patient populations. Compliance
with accreditation was defined in accordancewith the first proceeding,
where 11 of the 31 hospitals were ‘accredited’ and 20 were ‘accredited
with comments’ hereby defined as fully accredited and partially accre-
dited hospitals. Fully accredited hospitals had at most one standard
that was partially or not met, whereas partially accredited hospitals
had between 2 and 22 standards that were partially or not met. Of
the 20 partially accredited hospitals, 11 hospitals had a return-visit
while the remaining nine submitted additional documentation.

Since not all of the 104 standards were expected to have impact on
LOS and AR, an expert panel with extensive knowledge on the
DDKMand/or the Danish healthcare systemwas appointed to identify
standards with a priori expected impact on LOS and AR. Each expert
selected the standards he/she considered to have an impact on LOS and
subsequently ranked them in accordance with importance. A standard
was included for analysis in this study if (i) the standard was ranked as
one of the 25 most important, (ii) at least 3 experts had selected the
standard as important for LOS and (iii) at least 3 hospitals were par-
tially or not compliant with the standard. We designated hospitals
compliant to all selected standards as compliant and hospitals partial-
ly or not compliant to one or more standards as non-compliant. This
method was repeated for AR.

Study population

We included in-patients admitted at one of the 31 included hospitals
during a 12-month period calculated from first day of the on-site
survey ± 6 months using the same inclusion criteria as in the previous
study on 30-day mortality [13]. The inclusion period was considered
appropriate as an enhanced effort to meet the accreditation require-
ments started approximately 6 months before the on-site survey and
additional work to become fully compliant to the DDKM likely
ended within 6 months after the on-site survey. Consequently, data
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were collected between 15 November 2009 and 13 December 2012.
The Danish National Registry of Patients (DNRP) was used to identify
all in-patients admitted in the hospitals’ inclusion period [18]. The
registry encompassed information on the dates of admission and dis-
charge from all non-psychiatric hospitals, and information was sub-
mitted daily by the healthcare providers. Based on all admissions in
2008, we identified the primary diagnoses (n = 80), which accounted
for 80% of all deaths occurring within 30 days after admission (please
see Ref. [13] for further description) [19]. Our study population was
restricted to in-patients with one of these 80 diagnoses to reduce dif-
ferences in the populations between hospitals included in order to fa-
cilitate comparison. Only in-patients with a valid civil registration
number were included for further analyses.

Outcomes

Outcomes were LOS and AR within 30 days after discharge. LOS was
calculated from the date of the in-patient’s first admission in the study
period (index date) to the date of discharge. In case of transferral to
another hospital, the admissions were linked together and all days
spent in hospitals were included in LOS. AR was defined as all-cause
AR at any hospital within 30 days from the discharge date. Readmis-
sions due to elective procedures performed were not included as
an AR.

Covariates

Patient-related factors that may have a potential impact on LOS and
AR were a priori selected as potential confounding factors [20].
These variables included age (<50, 50–64, 65–80 and >80 years), gen-
der, primary diagnosis (in 11 categories for underlying diseases corre-
sponding to ICD-10 chapters), type of admission (acute and elective),
marital status (unmarried, married, divorced and widow; defined by
the Danish Civil Registration System) and comorbidity (no, low and
high). The Charlson comorbidity index was used to assess the severity
of comorbidity [21]. All diagnoses, registered in DNRP on admission
(since 1977) or outpatient contact (since 1995), prior to the time of
inclusion in this study, were included in the calculations of a co-
morbidity score. The coding of the 19 Charlson conditions in the
DNRP has previously been shown consistently high [22]. The index
assigns between one and six points to a range of diseases, depending
on their relation to mortality. If the patient’s primary diagnosis was
one of the index’s 19 diseases, this diagnosis was excluded in the
calculation of that patient’s comorbidity score. On the basis of this
method, a comorbidity score was computed for each patient and
three categories were defined (no, low (1 or 2 comorbidities) and
high (3 or more comorbidities)).

Of hospitals’ characteristics, previous accreditation (yes/no), uni-
versity affiliation (yes/no) and time of survey (before/after July 2011)
were included as they potentially could act as confounding factors/ef-
fect modifiers of the association between compliance with accredit-
ation and LOS, and AR.

Statistical analysis

Descriptive data for the in-patients’ characteristics were presented as
counts and percentage. In the analyses of LOS, the date of admission
was the entry date and follow-up ended at the date of discharge or
death, whichever came first. In-patients admitted and discharged the
same day were included in the analyses with an LOS of half a day
(0.5). LOS was presented as both median days including 5–95 percen-
tiles and mean days with 95% confidence interval (CI). For AR, the

date of discharge was the entry date and follow-up ended 30 days
after discharge, date of AR or death, whichever came first. AR was
presented as percentage with 95% CI.

In the primary analysis, LOS and AR were compared between in-
patients admitted at fully accredited hospitals and partially accredited
hospital. This analysis was repeated with partially accredited hospitals
grouped according to the follow-up activity. In a set of supplementary
analyses, in-patients were categorized according to the hospital’s com-
pliance with specific standards that had been identified a priori by an
expert panel as likely to be of particular importance for LOS and AR,
respectively. The analyses were performed both when including all of
the identified standards combined and subsequently, with the stan-
dards included individually. All analyses were controlled for the six
potential confounding factors. To account for the hierarchical nature
of data in which in-patients at one hospital are more likely treated
similar relative to in-patients at another hospital, we used robust
standard error adjustment at hospital level (to minimize the risk of
type-1 error). Sensitivity analysis was performed for LOS for in-
patients with an LOS between 5 and 95 percentile and for AR for in-
patients with a short LOS defined as shorter or equal to 2 days. In
stratified analyses, we examined the role of the three hospitals’ charac-
teristics for both outcomes.

The association between compliance with accreditation and LOS,
and AR was estimated as a hazard ratio (HR) including 95% con-
fidence interval (95% CI) using Cox Proportional Hazard regression
[23]. The proportional hazards assumption was checked visually for
LOS and AR, by comparing the plots between in-patients admitted
at fully and partially accredited hospitals, and by using the Schoenfeld-
test and were not found invalid. All statistical tests used a two-sided
significance level of 0.05 and were performed using STATA, version
12 (StataCorp., 2011. College Station, TX: StataCorp LP).

Results

Of the 276 980 in-patients identified, we excluded 1391 as they were
admitted for a fixed 3 week’s rehabilitation programme. Figure 1 illus-
trates the identification of the study population. All in-patient data
were complete, except marital status with three observations registered
as unknown.

The final study cohort for the analyses on LOS consisted of
275 589 in-patients of whom 75 127 (27.26%) were admitted at
fully accredited hospitals and 200 462 (72.74%) at partially accre-
dited hospitals. Baseline in-patient and hospital characteristics are pre-
sented in Table 1. The mean LOS was 4.51 days (95% CI: 4.46–4.57)
for in-patients at fully accredited hospitals and 4.54 days (95% CI:
4.50–4.57) for in-patients at partially accredited hospitals.When com-
paring in-patients admitted to fully with partially accredited hospitals,
the difference in LOS increased after controlling for potential con-
founding factors (adjusted HR 1.07; 95% CI: 1.01–1.14), shown in
Table 2. When grouping admissions according to follow-up activity,
in-patients admitted at hospitals requested to submit additional docu-
mentation were more likely to be discharged before in-patients at hos-
pitals having a return-visit (submitting documentation: adjusted HR
1.12; 95% CI: 1.01–1.24). The estimates did not change substantially
in the sensitivity analyses for in-patients with an LOS between 5 and
95 percentile (1–17 days) or when stratifying according to previous ac-
creditation, university affiliation or time of on-site survey (data not
shown). Four individual standards were identified by the expert
panel as being of particular a priori relevance for LOS and included
for analysis. Twenty-one hospitals were compliant to all four
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standards and designated as compliant (corresponding to all fully and
10 partially accredited hospitals in the first proceeding) and the
remaining 10 as non-compliant (corresponding to 10 partially accre-
dited hospitals). Similar pattern was observed for in-patients admitted
to compliant hospitals compared with in-patients admitted to
non-compliant hospitals (adjusted HR 1.10; 95% CI: 1.02–1.19).
Compliance with the standards ‘Documentation and monitoring of
nosocomial infections’ and ‘observation and follow-up on critical
observation results’ was associated with a relatively shorter LOS
than all four standards combined (Documentation and monitoring
of nosocomial infections: adjusted HR 1.19; 95% CI: 1.07–1.32;
critical observation results: adjusted HR 1.23; 95% CI: 1.07–
1.41).

For the analyses of AR, the final study cohort consisted of 266 532
in-patients who were discharged alive (see Fig. 1) of whom 72 742
(27.29%) were admitted at fully accredited hospitals and 193 790
(72.71%) at partially accredited hospitals. Table 1 shows baseline
characteristics. Of the 266 532 included in-patients, 34 610
(12.99%) were readmitted within 30 days after discharge. The AR
rate for in-patients admitted at fully accredited hospitals was
13.70% (95% CI: 13.45–13.95) and for in-patients at partially accre-
dited hospitals 12.72% (95% CI: 12.57–12.86). Table 3 presents all
estimates for AR including crude and adjusted HR. No differences in
AR rate were found comparing in-patients admitted to fully accredited

hospitals with partially accredited hospitals (adjusted HR 1.01; 95%
CI: 0.92–1.10) or when grouping admissions according to the re-
quired accreditation follow-up activity (adjusted HR 1.07; 95% CI:
0.96–1.19). The estimates did not change substantially when stratify-
ing according to previous accreditation, university affiliation and time
of on-site survey or when restricting to in-patients with a short LOS
(data not shown). Three individual standards were included for
analyses with the expected a prior anticipated high impact on AR.
Here, 22 hospitals were compliant (corresponding to all fully and
11 partially accredited hospitals) and 9 non-compliant (correspond-
ing to 9 partially accredited hospitals). When grouping in-patients ac-
cording compliance to three standards, the primary findings were
corroborated (adjusted HR 1.05; 95% CI: 0.97–1.14). Likewise, no
differences were found looking at the standards individually.

Discussion

This is the first nationwide study to examine the association between
compliancewith accreditation and LOS, and AR.Our findings showed
that in-patients admitted at fully accredited hospitals had shorter LOS
and thus extend our previous finding that compliance with accredit-
ation was associated with lower 30-day mortality. Notably, among
the patients admitted at fully accredited hospitals, the shorter LOS
was not followed by an increase in early ARs.

Figure 1 Flowchart of in-patients included in the study.
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The strength of the study was the nationwide population-based de-
sign with the prospective collection of comprehensive patient data.
This combined with the un-fettered access to healthcare for all Danish
citizens, and complete follow-up in themedical registries limits the risk
of both selection and information bias. The restriction to the 80
primary diagnoses was applied to minimize the risk of confounding.
The information on important patient characteristics allowed us to
adjust for a range of potentially confounders, which strengthens the
presented results. Adding to that, the fact that all hospitals were

accredited by the same programme in a relatively short period of
time (3 years) enables us to compare the level of accreditation and re-
duce concerns of internal generalizability.

The limitations included the uncertain accuracy of the DDKM ac-
creditation data (i.e. the unknown inter-reliability of assessments
made by surveyors and survey teams) [24, 25]. To address this con-
cern, efforts were made by the accreditation body to check the survey
findings for consistency to the rating principles applied before
forwarding the report to the Accreditation Award Committee. This

Table 1 Patients’ characteristic for in-patients admitted at fully and partially accredited hospitals according to the first version of DDKM

including hospitals’ characteristic (counts (%))

In-patients characteristics Length of stay (N = 275 589) Acute readmission (N = 266 532)

Admissions at partially
accredited hospital
(n = 200 462)

Admissions at fully
accredited hospital
(n = 75 127)

Admissions at partially
accredited hospital
(n = 193 790)

Admissions at fully
accredited hospital
(n = 72 742)

Age
<50 years 64 743 (32) 22 212 (30) 64 486 (33) 22 159 (30)
50–64 years 41 772 (21) 14 866 (20) 40 827 (21) 14 613 (20)
65–80 years 57 605 (29) 22 098 (29) 55 279 (29) 21 248 (29)
>80 years 36 342 (18) 15 951 (21) 33 198 (17) 14 722 (20)

Gender
Women 102 804 (51) 39 467 (53) 99 637 (51) 38 247 (53)
Men 97 658 (49) 35 660 (47) 94 153 (49) 34 495 (47)

Marital status
Unmarried 55 254 (28) 18 938 (25) 54 553 (28) 18 682 (26)
Married 85 335 (43) 31 158 (41) 82 698 (43) 30 326 (42)
Divorced 24 916 (12) 10 646 (14) 24 010 (12) 10 263 (14)
Widow 34 955 (17) 14 384 (19) 32 527 (17) 13 470 (19)
Unknown 2 (0) 1 (0) 2 (0) 1 (0)

Comorbidity statusa

No comorbidity 108 563 (54) 39 247 (52) 106 632 (55) 38 613 (53)
Low 60 942 (30) 23 479 (31) 58 315 (30) 22 538 (31)
High 30 957 (15) 12 401 (17) 28 843 (15) 11 591 (16)

Type of admission
Acute 163 413 (82) 67 879 (90) 157 033 (81) 65 536 (90)
Elective 36 870 (18) 7248 (10) 36 757 (19) 7206 (10)

Primary diagnosisb

Certain infectious and parasitic diseases 7491 (4) 2774 (4) 6948 (4) 2579 (4)
Neoplasms 17 157 (9) 2787 (4) 16 674 (9) 2647 (4)
Diseases of the blood and blood-forming organs and
certain disorders involving the immune mechanism

2743 (1) 1104 (1) 2693 (1) 1087 (1)

Endocrine, nutritional and metabolic diseases 6653 (3) 2934 (4) 6419 (3) 2843 (4)
Diseases of the circulatory system 28 799 (14) 12 882 (17) 27 093 (14) 12 269 (17)
Diseases of the respiratory system 20 945 (10) 9830 (13) 19 492 (10) 9239 (13)
Diseases of the digestive system 12 784 (6) 4690 (6) 12 301 (6) 4515 (6)
Diseases of the genitourinary system 8650 (4) 3251 (4) 8496 (4) 3190 (4)
Factors influencing health status 52 051 (26) 19 702 (26) 51 371 (27) 19 488 (27)
Injury, poisoning, etc. 11 169 (6) 3868 (5) 10 792 (6) 3757 (5)
Others 32 020 (16) 11 305 (15) 31 511 (16) 11 128 (15)

Hospitals’ characteristics Partially accredited hospitals (n = 20) Fully accredited hospitals (n = 11)

University affiliation
Yes 8 (40) 4 (36)
No 12 (60) 7 (64)

Previous accreditation
Yes 5 (25) 8 (73)
No 15 (75) 3 (27)

Time of on-site survey
From 2010 to June 2011 13 (65) 2 (18)
From July 2011 to the end of 2012 7 (35) 9 (82)

aCategories of comorbidity were based on Charlson comorbidity index scores (no comorbidity = 0, low = 1 and 2 and high =≥3).
bCategories of underlying diseases were based on chapters of the WHO’s International Classification of Diseases and Related Health Problem, 10. revision.
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combined with the fact that the overall level of compliance was
awarded based on all eligible standards any potential misclassification
wouldmost likely to be of a non-differential nature and bias the results
towards the null. Furthermore, we cannot rule out the risk of residual
or unmeasured confounding by the use of a non-randomized design,
despite adjusting for a range of patient-related characteristics and
stratifying for hospital-related characteristics. The DNRP does not ob-
tain information on the severity of disease, which might prolong LOS
and increase AR; thus, we were not able to adjust for this factor. In
addition, our data did not include the specific time of admission and
discharge (hour and minute), which could have provided more accur-
ate information on LOS. Also geographical variation in re-admission
patterns according to traditions and resources available in the primary
care sector as well as variation in the registration of in-patient informa-
tion among hospital staff must be considered as components for po-
tential misclassification. However, any differences in the severity of
disease, LOS by the hour, or variation in readmission patterns and
data collection were expected to be equally distributed among in-
patients at fully and partially accredited hospitals and therefore con-
sidered to be non-differential and most likely bias the association
towards the null.

The differences in the crude mean LOS between in-patients admit-
ted at fully and partially accredited hospitals were negligible (fully:
4.51 days; partially: 4.54 days). After adjusting for potential con-
founding factors, however, the measure reached statistical significance

and equalled a 7% decrease of the mean LOS. A difference of this size
may have potential clinical and economic implications at population
level if it reflects a true causal difference. However, the practical con-
sequence at unit level is not answered by this study design and, thus,
remains to be further clarified.

Although no previous study had examined the association between
compliance with accreditation and LOS, and AR like ours, other stud-
ies have used designs of ‘accredited vs non-accredited’ or ‘before vs
after implementation’ and looked at specific patient groups [8–12].
A shorter LOS was found in favour of accreditation in three of the
four studies implying like our findings that implementation of accredit-
ation standards is associated with shorter LOS. The findings regarding
AR were inconsistent with either a higher risk (odds ratio 2.82; 95%
CI: 1.46–25.44) or a lower risk of AR (P = 0.003), and combined with
our neutral finding, the association between accreditation and AR
remains unclear [8, 12].

Our neutral finding on AR could be explained by the first version
of DDKM mainly focussed on quality improvements within hospitals
and not between hospitals or other collaborators. Still, the quality im-
provement process initiated was anticipated to transfer to other areas
not included, but this seems not to be the case. Not without reason has
AR been challenged as an accurate measure to qualify hospital per-
formance as progress of disease, organization of the healthcare system
and socioeconomic factors have been highlighted as factors increasing
the patients risk of being acute readmitted – all factors beyond hospital

Table 2 Length of stay and HR for in-patients admitted at accredited Danish hospitals according to the first version of DDKM for hospitals

No. of
hospitals
(N = 31)

No. of patients
(N = 275 589)

Length of stay;
mean (days)
(95% CI)

Length of stay;
median (days)
(5–95 percentiles)

Length of stay

HR (95% CI)

Crude Adjusteda

Compliance with accreditation programme
In-patients at partially accredited hospitalsb 20 200 462 4.54 (4.50–4.57) 2 (0.5–17) 1.00 1.00
In-patients at fully accredited hospitals 11 75 127 4.51 (4.46–4.57) 2 (0.5–17) 1.00 (0.99–1.01) 1.07 (1.01–1.14)

Compliance according to follow-up activity
In-patients at hospitals having a return-visitb 11 103 677 4.75 (4.70–4.80) 2 (0.5–18) 1.00 1.00
In-patients at hospitals submitting
documentation

9 96 785 4.31 (4.26–4.35) 1 (0.5–17) 1.09 (1.08–1.10) 1.12 (1.01–1.24)

In-patients at hospitals with no follow-up
(fully accredited)

11 75 127 4.51 (4.46–4.57) 2 (0.5–17) 1.04 (1.03–1.05) 1.13 (1.04–1.23)

Compliance with four standards combined
In-patients at non-compliant hospitalsb 10 119 570 4.68 (4.64–4.73) 2 (0.5–18) 1.00 1.00
In-patients at compliant hospitals 21 156 019 4.42 (4.38–4.45) 2 (0.5–17) 1.05 (1.04–1.06) 1.12 (1.03–1.21)

Compliance with standards individually
Organizational standards:
Documentation and monitoring of nosocomial infections
In-patients at non-compliant hospitalsb 3 28 012 5.46 (5.35–5.57) 2 (0.5–19) 1.00 1.00
In-patients at compliant hospitals 28 247 577 4.43 (4.40–4.46) 2 (0.5–17) 1.15 (1.14–1.17) 1.20 (1.07–1.34)
General patient pathway standards:
Pain assessment and treatment
In-patients at non-compliant hospitalsb 6 79 145 4.37 (4.32–4.43) 1 (0.5–17) 1.00 1.00
In-patients at compliant hospitals 25 196 444 4.59 (4.56–4.63) 2 (0.5–18) 0.98 (0.97–0.99) 1.00 (0.93–1.09)
Organizational standards:
Timely reaction to test results
In-patients at non-compliant hospitalsb 3 36 489 4.13 (4.05–4.20) 1 (0.5–16) 1.00 1.00
In-patients at compliant hospitals 28 239 100 4.59 (4.56–4.62) 2 (0.5–18) 0.94 (0.93–0.95) 0.94 (0.87–1.02)

Observation and follow-up on critical observation results
In-patients at non-compliant hospitalsb 3 33 366 5.16 (5.06–5.25) 2 (0.5–19) 1.00 1.00
In-patients at compliant hospitals 28 242 233 4.44 (4.41–4.48) 2 (0.5–17) 1.11 (1.10–1.12) 1.25 (1.09–1.44)

aAdjusted for age, gender, comorbidity, primary diseases, marital status, type of admission and a within-hospital clustering.
bReference group.
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influence [26, 27]. Thus, further research may profitably be restricted
to clinical outcomes within hospital influence.

Throughout the years, hospitals have invested substantial re-
sources in the implementation of quality improvement programmes in-
cluding accreditation in the effort to deliver high-quality patient care.
Our findings support the hypothesis that compliance with accredit-
ationwas associated with shorter LOS, without an increase in AR. Dif-
ference in LOS does on the other hand not necessarily indicate that
accreditations standards per se were responsible for the in-patients
being discharged earlier at fully accredited than partially accredited
hospitals [28]. Other concomitantly national initiatives have focussed
on reducing LOS and the numbers of AR. In 2009, compulsory health-
care agreements were introduced between regions (hospitals owners)
and the surrounding municipalities (primary care owners) with the
focus to ensure efficient transfers by addressing access and capacity
of outpatient health services for discharged in-patients. Another na-
tional initiative introduced was continuous indicator monitoring
and auditing through clinical quality databases covering major disease
areas including stroke, heart failure, diabetes and hip fracture as a
strategy to improve patient outcome. It is likely that these initiatives
may have had a direct effect on lowering LOS, but since all hospitals,
fully as well as partially accredited, were encompassed by these pro-
grammes any inherent variation was unlikely to explain the relative
differences in LOS revealed. It seems more likely that the ability to im-
plement such programmes effectively may also play a role when imple-
menting accreditation standards in the organization.

Alternatively, high compliance with accreditation standards may
just be a marker of high-performing hospitals delivering high quality
of care including lower 30-day mortality risk and shorter LOSwithout
an increase in AR. In this light, compliance with accreditation could
in the future be used as a proxy for identifying hospitals delivering
high quality of care, potentially. Before such use, however, further

investigations on this relationship are needed to be able to draw a
firm conclusion.

Conclusion

Admissions at hospitals fully accredited by the first version of the
DDKM were associated with a significantly shorter LOS than ad-
missions at partially accredited hospitals, although the difference
was modest. There was no difference in all-cause AR within 30 days
after discharge between admissions at fully and partially accredited
hospitals.
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Table 3 Acute readmission and HR for in-patients admitted at accredited Danish hospitals according to the first version of DDKM for hospitals

No. of hospitals
(N = 31)

No. of patients
(N = 266 532)

Acute readmission
(%) (95% CI)

Acute readmission

HR (95% CI)

Crude Adjusteda

Compliance with accreditation
In-patients at partially accredited hospitalsb 20 193 790 12.72 (12.57–12.86) 1.00 1.00
In-patients at fully accredited hospitals 11 72 742 13.70 (13.45–13.95) 1.08 (1.06–1.11) 1.01 (0.92–1.10)

Compliance according to follow-up activity
In-patients at hospitals having a return-visitb 11 99 861 12.21 (12.01–12.42) 1.00 1.00
In-patients at hospitals submitting documentation 9 93 929 13.25 (13.03–13.46) 1.09 (1.06–1.12) 1.07 (0.96–1.19)
In-patients at hospitals with no follow-up
(fully accredited)

11 72 742 13.70 (13.45–13.95) 1.13 (1.10–1.16) 1.04 (0.92–1.17)

Compliance with three standards combined
In-patients at non-compliant hospitalsb 9 98 635 12.21 (12.00–12.41) 1.00 1.00
In-patients at compliant hospitals 22 167 897 13.44 (13.28–13.61) 1.11 (1.08–1.13) 1.05 (0.97–1.14)

Compliance with the standards individually
Pain assessment and treatment
In-patients at non-compliant hospitalsb 6 76 408 12.34 (12.11–12.57) 1.00 1.00
In-patients at compliant hospitals 25 190 124 13.24 (13.09–13.40) 1.08 (1.05–1.10) 1.05 (0.96–1.15)

Timely reaction to test results
In-patients at non-compliant hospitalsb 3 35 239 12.59 (12.25–12.94) 1.00 1.00
In-patients at compliant hospitals 28 231 293 13.04 (12.91–13.18) 1.04 (1.00–1.07) 1.04 (0.95–1.13)

Medicine reconciliation
In-patients at non-compliant hospitalsb 5 32 004 12.45 (12.08–12.81) 1.00 1.00
In-patients at compliant hospitals 26 234 528 13.06 (12.92–13.20) 1.05 (1.02–1.09) 0.93 (0.71–1.23)

aAdjusted for age, gender, comorbidity, primary diseases, marital status and type of admission and a within-hospital clustering.
bReference group.

Accreditation and patient outcome 7

by guest on N
ovem

ber 9, 2015
D

ow
nloaded from

 



drafting and revision; following The STROBE guideline. All other
authors were responsible for study design, interpretation of data and
critical manuscript revision and approval. A.M.F.J., S.P.J. and H.J.L.
had full access to all the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis.

Data sharing

Codebook and statistical code (in Danish) are available from the cor-
responding author at amfj@clin.au.dk.

References

1. NHS Services, Seven Days a Week Forum. Evidence Base and Clinical

Standards for the Care and Onward Transfer of Acute Inpatients; UK:
NHS, 2013. http://www.england.nhs.uk/wp-content/uploads/2013/12/
evidence-base.pdf.

2. Eapen ZJ, Reed SD, Li Y et al. Do countries or hospitals with longer hos-
pital stays for acute heart failure have lower readmission rates? Findings
from ASCEND-HF. Circ Heart Fail 2013;6:727–32.

3. Shaw CD. Toolkit for Accreditation Programmes; Australia: The Inter-
national Society for Quality In Health Care, 2004.

4. Flodgren G, Pomey MP, Taber SA et al. Effectiveness of external inspection
of compliance with standards in improving healthcare organisation behav-
iour, healthcare professional behaviour or patient outcomes. Cochrane
Database Syst Rev 2011;CD008992.

5. Greenfield D, Braithwaite J. Health sector accreditation research: a system-
atic review. Int J Qual Health Care 2008;20:172–83.

6. Alkhenizan A, Shaw C. Impact of accreditation on the quality of healthcare
services: a systematic review of the literature. Ann Saudi Med 2011;31:
407–16.

7. Hinchcliff R, Greenfield D, MoldovanM et al. Narrative synthesis of health
service accreditation literature. BMJ Qual Saf 2012;21:979–91.

8. VanSuchM, Naessens JM, Stroebel RJ et al. Effect of discharge instructions
on readmission of hospitalised patients with heart failure: do all of the Joint
Commission on Accreditation of Healthcare Organizations heart failure
core measures reflect better care? Qual Saf Health Care 2006;15:414–7.

9. Frasco PE, Sprung J, Trentman TL. The impact of the joint commission for
accreditation of healthcare organizations pain initiative on perioperative
opiate consumption and recovery room length of stay. Anesth Analg

2005;100:162–8.
10. Rajamani K, Millis S, Watson S et al. Thrombolysis for acute ischemic

stroke in Joint Commission-certified and -noncertified hospitals in Mich-
igan. J Stroke Cerebrovasc Dis 2013;22:49–54.

11. Kurichi JE, Vogel WB, Kwong PL et al. Factors associated with total in-
patient costs and length of stay during surgical hospitalization among vet-
erans who underwent lower extremity amputation. Am J Phys Med Rehabil
2013;92:203–14.

12. Mansi IA, Shi R, Khan M et al. Effect of compliance with quality perform-
ance measures for heart failure on clinical outcomes in high-risk patients.
J Natl Med Assoc 2010;102:898–905.

13. Falstie-Jensen AM, Larsson H, Hollnagel E et al. Compliance with hospital
accreditation and patient mortality—A nationwide population-based study.
Int J Qual Health Care 2015;27:165–74.

14. Pedersen CB. The Danish Civil Registration System. Scand J Public Health
2011;39:22–5.

15. Den danske kvalitetsmodel: akkrediteringsstandarder for sygehuse: 1. version.
2nd ed. Århus: Institut for Kvalitet og Akkreditering i Sundhedsvæsenet,
2011.

16. Institut for Kvalitet og Akkreditering i Sundhedsvæsenet, 2014. http://www.
ikas.dk/ (18 August 2015, date last accessed).

17. International Society for Quality in Health Care. http://isqua.org/
accreditation/accreditation (18 August 2015, date last accessed).

18. Andersen TF, Madsen M, Jorgensen J et al. The Danish National Hospital
Register. A valuable source of data for modern health sciences. Dan Med
Bull 1999;46:263–8.

19. Jarman B, Gault S, Alves B et al. Explaining differences in English hospital
death rates using routinely collected data. BMJ 1999;318:1515–20.

20. Joynt KE, Orav EJ, Jha AK. Thirty-day readmission rates for Medicare
beneficiaries by race and site of care. JAMA 2011;305:675–81.

21. Charlson ME, Pompei P, Ales KL et al. A new method of classifying prog-
nostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis 1987;40:373–83.

22. Thygesen SK, Christiansen CF, Christensen S et al. The predictive value of
ICD-10 diagnostic coding used to assess Charlson comorbidity index
conditions in the population-based Danish National Registry of Patients.
BMC Med Res Methodol 2011;11:83, 2288-11-83.

23. Cox DR. Regression models and life-tables. J R Stat Soc 1972;34:187–220.
24. Greenfield D, Pawsey M, Naylor J et al. Are accreditation surveys reliable?

Int J Health Care Qual Assur 2009;22:105–16.
25. Greenfield D, Pawsey M, Naylor J et al. Researching the reliability of

accreditation survey teams: lessons learnt when things went awry. HIM J

2013;42:4–10.
26. Kangovi S, Grande D.Hospital readmissions—not just ameasure of quality.

JAMA 2011;306:1796–7.
27. Weissman JS. Readmissions—are we asking too much? Int J Qual Health

Care 2001;13:183–5.
28. Bogh SB, Falstie-Jensen AM, Bartels P et al. Accreditation and improvement

in process quality of care: a nationwide study. Int J Qual Health Care 2015;
doi: 10.1093/intqhc/mzv053.

8 Falstie-Jensen et al.

by guest on N
ovem

ber 9, 2015
D

ow
nloaded from

 

http://www.england.nhs.uk/wp-content/uploads/2013/12/evidence-base.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/12/evidence-base.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/12/evidence-base.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/12/evidence-base.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/12/evidence-base.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/12/evidence-base.pdf
http://www.england.nhs.uk/wp-content/uploads/2013/12/evidence-base.pdf
http://www.ikas.dk/
http://www.ikas.dk/
http://www.ikas.dk/
http://www.ikas.dk/
http://www.ikas.dk/
http://isqua.org/accreditation/accreditation
http://isqua.org/accreditation/accreditation
http://isqua.org/accreditation/accreditation
http://isqua.org/accreditation/accreditation
http://isqua.org/accreditation/accreditation


Reports/PhD theses from Department of Clinical Epidemiology  
 
1. Ane Marie Thulstrup: Mortality, infections and operative risk in patients with liver cirrhosis in Denmark. 

Clinical epidemiological studies. PhD thesis. 2000. 

 

2. Nana Thrane: Prescription of systemic antibiotics for Danish children. PhD thesis. 2000. 

 

3. Charlotte Søndergaard. Follow-up studies of prenatal, perinatal and postnatal risk factors in infantile 

colic. PhD thesis. 2001. 

 

4. Charlotte Olesen: Use of the North Jutland Prescription Database in epidemiological studies of drug 

use and drug safety during pregnancy. PhD thesis. 2001. 

 

5. Yuan Wei: The impact of fetal growth on the subsequent risk of infectious disease and asthma in 

childhood. PhD thesis. 2001. 

 

6. Gitte Pedersen. Bacteremia: treatment and prognosis. PhD thesis. 2001. 

 

7. Henrik Gregersen: The prognosis of Danish patients with monoclonal gammopathy of undertermined 

significance: register-based studies. PhD thesis. 2002. 

 

8. Bente Nørgård: Colitis ulcerosa, coeliaki og graviditet; en oversigt med speciel reference til forløb og 

sikkerhed af medicinsk behandling. PhD thesis. 2002.  

 

9. Søren Paaske Johnsen: Risk factors for stroke with special reference to diet, Chlamydia pneumoniae, 

infection, and use of non-steroidal anti-inflammatory drugs. PhD thesis. 2002. 

 

10. Elise Snitker Jensen: Seasonal variation of meningococcal disease and factors associated with its 

outcome. PhD thesis. 2003. 

 

11. Andrea Floyd: Drug-associated acute pancreatitis. Clinical epidemiological studies of selected drugs. 

PhD thesis. 2004. 

 

12. Pia Wogelius: Aspects of dental health in children with asthma. Epidemiological studies of dental 

anxiety and caries among children in North Jutland County, Denmark. PhD thesis. 2004. 

 

13. Kort-og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Nordjyllands, Viborg og 

Århus amter 1985-2003. 2004. 

 

14. Reimar W. Thomsen: Diabetes mellitus and community-acquired bacteremia: risk and prognosis. PhD 

thesis. 2004. 

 

15. Kronisk obstruktiv lungesygdom i Nordjyllands, Viborg og Århus amter 1994-2004. Forekomst og 

prognose. Et pilotprojekt. 2005. 

 

16. Lungebetændelse i Nordjyllands, Viborg og Århus amter 1994-2004. Forekomst og prognose. Et 

pilotprojekt. 2005. 



 

17. Kort- og langtidsoverlevelse efter indlæggelse for nyre-, bugspytkirtel- og leverkræft i Nordjyllands, 

Viborg, Ringkøbing og Århus amter 1985-2004. 2005. 

 

18. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Nordjyllands, Viborg, 

Ringkøbing og Århus amter 1995-2005. 2005. 

 

19. Mette Nørgaard: Haematological malignancies: Risk and prognosis. PhD thesis. 2006. 

 

20. Alma Becic Pedersen: Studies based on the Danish Hip Arthroplastry Registry. PhD thesis. 2006. 

 

Særtryk: Klinisk Epidemiologisk Afdeling - De første 5 år. 2006. 

 

21. Blindtarmsbetændelse i Vejle, Ringkjøbing, Viborg, Nordjyllands og Århus Amter. 2006. 

 

22. Andre sygdommes betydning for overlevelse efter indlæggelse for seks kræftsygdomme i Nordjyllands, 

Viborg, Ringkjøbing og Århus amter 1995-2005. 2006. 

 

23. Ambulante besøg og indlæggelser for udvalgte kroniske sygdomme på somatiske hospitaler i Århus, 

Ringkjøbing, Viborg, og Nordjyllands amter. 2006.  

 

24. Ellen M Mikkelsen: Impact of genetic counseling for hereditary breast and ovarian cancer disposition 

on psychosocial outcomes and risk perception: A population-based follow-up study. PhD thesis. 2006. 

 

25. Forbruget af lægemidler mod kroniske sygdomme i Århus, Viborg og Nordjyllands amter 2004-2005. 

2006. 

 

26. Tilbagelægning af kolostomi og ileostomi i Vejle, Ringkjøbing, Viborg, Nordjyllands og Århus Amter. 

2006. 

 

27. Rune Erichsen: Time trend in incidence and prognosis of primary liver cancer and liver cancer of 

unknown origin in a Danish region, 1985-2004. Research year report. 2007. 

 

28. Vivian Langagergaard: Birth outcome in Danish women with breast cancer, cutaneous malignant 

melanoma, and Hodgkin’s disease. PhD thesis. 2007. 

 

29. Cynthia de Luise: The relationship between chronic obstructive pulmonary disease, comorbidity and 

mortality following hip fracture. PhD thesis. 2007. 

 

30. Kirstine Kobberøe Søgaard: Risk of venous thromboembolism in patients with liver disease: A 

nationwide population-based case-control study. Research year report.2007. 

 

31. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Region Midtjylland og 

Region Nordjylland 1995-2006. 2007. 

 



32. Mette Skytte Tetsche: Prognosis for ovarian cancer in Denmark 1980-2005: Studies of use of hospital 

discharge data to monitor and study prognosis and impact of comorbidity and venous 

thromboembolism on survival. PhD thesis. 2007.  

 

33. Estrid Muff Munk: Clinical epidemiological studies in patients with unexplained chest and/or epigastric 

pain. PhD thesis. 2007. 

 

34. Sygehuskontakter og lægemiddelforbrug for udvalgte kroniske sygdomme i Region Nordjylland. 2007. 

 

35. Vera Ehrenstein: Association of Apgar score and postterm delivery with neurologic morbidity: Cohort 

studies using data from Danish population registries. PhD thesis. 2007. 

 

36. Annette Østergaard Jensen: Chronic diseases and non-melanoma skin cancer. The impact on risk and 

prognosis. PhD thesis. 2008. 

 

37. Use of medical databases in clinical epidemiology. 2008. 

 

38. Majken Karoline Jensen: Genetic variation related to high-density lipoprotein metabolism and risk of 

coronary heart disease. PhD thesis. 2008. 

 

39. Blodprop i hjertet - forekomst og prognose. En undersøgelse af førstegangsindlæggelser i Region 

Nordjylland og Region Midtjylland. 2008. 

 

40. Asbestose og kræft i lungehinderne. Danmark 1977-2005. 2008. 

 

41. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Region Midtjylland og 

Region Nordjylland 1996-2007. 2008. 

 

42. Akutte indlæggelsesforløb og skadestuebesøg på hospiter i Region Midtjylland og Region Nordjylland 

2003-2007. Et pilotprojekt. Not published. 

 

43. Peter Jepsen: Prognosis for Danish patients with liver cirrhosis. PhD thesis. 2009. 

 

44. Lars Pedersen: Use of Danish health registries to study drug-induced birth defects – A review with 

special reference to methodological issues and maternal use of non-steroidal anti-inflammatory drugs 

and Loratadine. PhD thesis. 2009. 

 

45. Steffen Christensen: Prognosis of Danish patients in intensive care. Clinical epidemiological studies on 

the impact of preadmission cardiovascular drug use on mortality. PhD thesis. 2009.  

 

46. Morten Schmidt: Use of selective cyclooxygenase-2 inhibitors and nonselective nonsteroidal 

antiinflammatory drugs and risk of cardiovascular events and death after intracoronary stenting. 

Research year report. 2009. 

 

47. Jette Bromman Kornum: Obesity, diabetes and hospitalization with pneumonia. PhD thesis. 2009. 

 



48. Theis Thilemann: Medication use and risk of revision after primary total hip arthroplasty. PhD thesis. 

2009. 

 

49. Operativ fjernelse af galdeblæren. Region Midtjylland & Region Nordjylland. 1998-2008. 2009. 

 

50. Mette Søgaard: Diagnosis and prognosis of patients with community-acquired bacteremia. PhD thesis. 

2009. 

 

51. Marianne Tang Severinsen. Risk factors for venous thromboembolism: Smoking, anthropometry and 

genetic susceptibility. PhD thesis. 2010. 

 

52. Henriette Thisted: Antidiabetic Treatments and ischemic cardiovascular disease in Denmark: Risk and 

outcome. PhD thesis. 2010. 

 

53. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme. Region Midtjylland og 

Region Nordjylland 1997-2008. 2010. 
 

54. Prognosen efter akut indlæggelse på Medicinsk Visitationsafsnit på Nørrebrogade, Århus Sygehus. 
2010.  

 

55. Kaare Haurvig Palnum: Implementation of clinical guidelines regarding acute treatment and secondary 

medical prophylaxis among patients with acute stroke in Denmark. PhD thesis. 2010. 

 

56. Thomas Patrick Ahern: Estimating the impact of molecular profiles and prescription drugs on breast 

cancer outcomes. PhD thesis. 2010. 
 

57. Annette Ingeman: Medical complications in patients with stroke: Data validity, processes of care, and 

clinical outcome. PhD thesis. 2010. 
 

58. Knoglemetastaser og skeletrelaterede hændelser blandt patienter med prostatakræft i Danmark. 
Forekomst og prognose 1999-2007. 2010. 

 

59. Morten Olsen: Prognosis for Danish patients with congenital heart defects - Mortality, psychiatric 

morbidity, and educational achievement. PhD thesis. 2010. 

 

60. Knoglemetastaser og skeletrelaterede hændelser blandt kvinder med brystkræft i Danmark. Forekomst 

og prognose 1999-2007. 2010.  
 

61. Kort- og langtidsoverlevelse efter hospitalsbehandlet kræft. Region Midtjylland og Region Nordjylland 

1998-2009. 2010. 
 

62. Anna Lei Lamberg: The use of new and existing data sources in non-melanoma skin cancer research. 
PhD thesis. 2011. 

 

63. Sigrún Alba Jóhannesdóttir: Mortality in cancer patients following a history of squamous cell skin 

cancer – A nationwide population-based cohort study. Research year report. 2011.  

 

64. Martin Majlund Mikkelsen: Risk prediction and prognosis following cardiac surgery: the EuroSCORE and 

new potential prognostic factors. PhD thesis. 2011. 
 

65. Gitte Vrelits Sørensen: Use of glucocorticoids and risk of breast cancer: a Danish population-based 
case-control study. Research year report. 2011. 



 

66. Anne-Mette Bay Bjørn: Use of corticosteroids in pregnancy. With special focus on the relation to 

congenital malformations in offspring and miscarriage. PhD thesis. 2012.  
 

67. Marie Louise Overgaard Svendsen: Early stroke care: studies on structure, process, and outcome. PhD 

thesis. 2012. 
 

68. Christian Fynbo Christiansen: Diabetes, preadmission morbidity, and intensive care: population-based 
Danish studies of prognosis. PhD thesis. 2012. 

 

69. Jennie Maria Christin Strid: Hospitalization rate and 30-day mortality of patients with status 
asthmaticus in Denmark – A 16-year nationwide population-based cohort study. Research year report. 

2012. 
 

70. Alkoholisk leversygdom i Region Midtjylland og Region Nordjylland. 2007-2011. 2012. 
 

71. Lars Jakobsen: Treatment and prognosis after the implementation of primary percutaneous coronary 

intervention as the standard treatment for ST-elevation myocardial infarction. PhD thesis. 2012. 
 

72. Anna Maria Platon: The impact of chronic obstructive pulmonary disease on intensive care unit 
admission and 30-day mortality in patients undergoing colorectal cancer surgery: a Danish population-

based cohort study. Research year report. 2012. 

 

73. Rune Erichsen: Prognosis after Colorectal Cancer - A review of the specific impact of comorbidity, 

interval cancer, and colonic stent treatment. PhD thesis. 2013.  
 

74. Anna Byrjalsen: Use of Corticosteroids during Pregnancy and in the Postnatal Period and Risk of 
Asthma in Offspring - A Nationwide Danish Cohort Study. Research year report. 2013. 

 

75. Kristina Laugesen: In utero exposure to antidepressant drugs and risk of attention deficit hyperactivity 
disorder (ADHD). Research year report. 2013.  

 

76. Malene Kærslund Hansen: Post-operative acute kidney injury and five-year risk of death, myocardial 

infarction, and stroke among elective cardiac surgical patients: A cohort study. Research year report. 
2013. 
 

77. Astrid Blicher Schelde: Impact of comorbidity on the prediction of first-time myocardial infarction, 
stroke, or death from single-photon emission computed tomography myocardial perfusion imaging: A 

Danish cohort study. Research year report. 2013. 
 

78. Risiko for kræft blandt patienter med kronisk obstruktiv lungesygdom (KOL) i Danmark. (Online 

publication only). 2013. 
 

79. Kirurgisk fjernelse af milten og risikoen for efterfølgende infektioner, blodpropper og død. Danmark 
1996-2005. (Online publication only). 2013.  

 
Jens Georg Hansen: Akut rhinosinuitis (ARS) – diagnostik og behandling af voksne i almen praksis. 

2013. 

 

80. Henrik Gammelager: Prognosis after acute kidney injury among intensive care patients. PhD thesis. 

2014. 
 

81. Dennis Fristrup Simonsen: Patient-Related Risk Factors for Postoperative Pneumonia following Lung 

Cancer Surgery and Impact of Pneumonia on Survival. Research year report. 2014. 



 

82. Anne Ording: Breast cancer and comorbidity: Risk and prognosis. PhD thesis. 2014.  

 

83. Kristoffer Koch: Socioeconomic Status and Bacteremia: Risk, Prognosis, and Treatment. PhD thesis. 

2014.   

 

84. Anne Fia Grann: Melanoma: the impact of comorbidities and postdiagnostic treatments on prognosis. 

PhD thesis. 2014.  
 

85. Michael Dalager-Pedersen: Prognosis of adults admitted to medical departments with community-

acquired bacteremia. PhD thesis. 2014. 
 

86. Henrik Solli: Venous thromboembolism: risk factors and risk of subsequent arterial thromboembolic 
events. Research year report. 2014. 

 

87. Eva Bjerre Ostenfeld: Glucocorticoid use and colorectal cancer: risk and postoperative outcomes. PhD 

thesis. 2014.  

 

88. Tobias Pilgaard Ottosen: Trends in intracerebral haemorrhage epidemiology in Denmark between 2004 

and 2012: Incidence, risk-profile and case-fatality. Research year report. 2014. 
 

89. Lene Rahr-Wagner: Validation and outcome studies from the Danish Knee Ligament Reconstruction 

Registry. A study in operatively treated anterior cruciate ligament injuries. PhD thesis. 2014.   
 

90. Marie Dam Lauridsen: Impact of dialysis-requiring acute kidney injury on 5-year mortality after 
myocardial infarction-related cardiogenic shock - A population-based nationwide cohort study. 

Research year report. 2014. 
 

91. Ane Birgitte Telén Andersen: Parental gastrointestinal diseases and risk of asthma in the offspring. A 

review of the specific impact of acid-suppressive drugs, inflammatory bowel disease, and celiac 
disease. PhD thesis. 2014.  

 
Mikkel S. Andersen: Danish Criteria-based Emergency Medical Dispatch – Ensuring 112 callers the right 

help in due time? PhD thesis. 2014. 

 

92. Jonathan Montomoli: Short-term prognosis after colorectal surgery: The impact of liver disease and 

serum albumin. PhD thesis. 2014. 
 

93. Morten Schmidt: Cardiovascular risks associated with non-aspirin non-steroidal anti-inflammatory drug 
use: Pharmacoepidemiological studies. PhD thesis. 2014.  

 

94. Betina Vest Hansen: Acute admission to internal medicine departments in Denmark - studies on 
admission rate, diagnosis, and prognosis. PhD thesis. 2015. 

 

95. Jacob Gamst: Atrial Fibrillation: Risk and Prognosis in Critical Illness. PhD thesis. 2015. 

 

96. Søren Viborg: Lower gastrointestinal bleeding and risk of gastrointestinal cancer. Research year report. 

2015. 

 

97. Heidi Theresa Ørum Cueto: Folic acid supplement use in Danish pregnancy planners: The impact on 

the menstrual cycle and fecundability. PhD thesis. 2015. 
 



98. Niwar Faisal Mohamad: Improving logistics for acute ischaemic stroke treatment: Reducing system 
delay before revascularisation therapy by reorganisation of the prehospital visitation and centralization 

of stroke care. Research year report. 2015. 
 

99. Malene Schou Nielsson: Elderly patients, bacteremia, and intensive care: Risk and prognosis. PhD 

thesis. 2015. 
 

100. Jens Tilma: Treatment Injuries in Danish Public Hospitals 2006-2012. Research year report. 2015. 
 

101. Thomas Lyngaa: Intensive care at the end-of-life in patients dying of cancer and non-cancer chronic 

diseases: A nationwide study. Research year report. 2015. 
 

102. Lone Winther Lietzen: Markers of immune competence and the clinical course of breast cancer. PhD 
thesis. 2015. 

 

103. Anne Høy Seemann Vestergaard: Geographical Variation in Use of Intensive Care in 

Denmark: A Nationwide Study. Research year report. 2015. 

 

104. Cathrine Wildenschild Nielsen: Fecundability among Danish pregnancy planners. Studies on 

birth weight, gestational age and history of miscarriage. PhD thesis. 2015. 
 

105. Kathrine Dyhr Lycke: Preadmission use of antidepressants and quality of care, intensive care 

admission and mortality of colorectal cancer surgery – a nationwide population-based cohort 
study. Research year report. 2015. 

 

106. Louise Bill: Hyponatremia in acute internal medicine patients: prevalence and prognosis. PhD 

thesis. 2015. 
 

107. Kirstine Kobberøe Søgaard: Risk and prognosis of venous thromboembolism in patients with 

liver disease. PhD thesis. 2015. 
 

108. Rikke Nørgaard Pedersen: Reoperation due to surgical bleeding in breast cancer patients and 
breast cancer recurrence: A Danish population-based cohort study. Research year report. 

2015. 

 

109. Thomas Deleuran: Cirrhosis of the liver and diseases of the large joints. PhD Thesis. 2016. 

 
 

 
 

 


