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Purpose: To present a metropolitan cohort, Bispebjerg acute cohort (BAC), and compare patient characteristics and outcomes with
patients from urban and rural hospitals in Denmark.

Patients and Methods: We linked data from seven Danish nationwide registries and included all acute contacts to non-psychiatric
hospitals in the years 2016-2018. Acute hospital contacts to Bispebjerg and Frederiksberg Hospital constituted BAC, representing
a solely metropolitan/urban catchment area. Patient characteristics and outcomes were compared to the rest of Denmark in an urban
cohort (UrC) and a rural cohort (RuC), stratified by visit and hospitalization contact types.

Results: We identified 4,063,420 acute hospital contacts in Denmark and BAC constituted 8.4% (n=343,200) of them. BAC had
a higher proportion of visits (65.1%) compared with UrC (52.1%) and RuC (45.3%). Patients in BAC more often lived alone (visits:
BAC: 34.8%, UrC: 30.6%, RuC: 29.2%; hospitalizations: BAC: 50.8%, UrC: 36.7%, RuC: 37.2%) and had temporary CPR number
(visits: BAC: 4.4%, UrC: 1.9%, RuC: 1.6%; hospitalizations: BAC: 1.5%, UrC: 0.9%, RuC: 0.8%). Visit patients in BAC were
younger (BAC: 36, UrC: 42, RuC: 45 years, median), more often students (BAC: 18.0%, UrC: 14.0%, RuC: 12.5%), and had more
contacts due to infectious diseases (BAC: 19.8%, UrC: 14.1%, RuC: 6.2%) but less due to injuries (BAC: 40.0%, UrC: 43.8%, RuC:
60.7%). Hospitalized patients in BAC had higher median age (BAC: 64, UrC: 61, RuC: 64 years) and fewer were in employment than
in UrC (BAC: 26.1%, UrC: 32.1%, RuC: 28.1%). BAC Hospitalizations had a lower death rate within 30 days than in RuC (BAC:
3.0% [2.9-3.1%], UrC: 3.1% [3.0-3.1%], RuC: 3.4% [3.3-3.4%]), but a higher readmission-rate (BAC: 20.5% [20.3-20.8%], UrC:
17.3% [17.2-17.4%], RuC: 17.5% [17.5-17.6%]).

Conclusion: Significant differences between BAC, urban, and rural cohorts may be explained by differences in healthcare structure
and sociodemographics of the catchment areas.
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Introduction
In Denmark, acute hospital contacts account for 72% of all inpatient and 8% of all outpatient contacts.'> There are 21 hospitals
with adult acute care units in Denmark, of which Bispebjerg and Frederiksberg Hospital (BFH), a metropolitan hospital in
Copenhagen, the capital of Denmark, is among the largest.”* To better understand and improve outcomes of patients with
acute hospital needs, we have established a research collaboration called Bispebjerg Acute Cohort (BAC) and a national
registry-based database as one of the research initiatives. BFH is notably different from other hospitals in Denmark when
considering catchment areas and inhabitants since it is the only hospital covering a solely metropolitan catchment area.' In
preparation for establishing a local, acute cohort with continuous inclusion and collection of extra information and samples,
we realized that it has not yet been established how a metropolitan hospital differs from urban hospitals that also have non-
urban catchment areas and from hospitals in smaller cities.’ Studies on this subject primarily originate from countries with low
population density or a higher degree of rural population, and information from European settings are scarce.”® A Scottish
study reported more multimorbidity in patients from urban areas than rural areas.'® Age, comorbidity, discharge diagnosis,
income, education and employment status, cohabitation, and polypharmacy are associated with mortality or readmission, and
we hypothesized that they might vary across different degrees of urbanization.'' '’

This study aims to examine patient and hospital contact characteristics and outcomes of BAC compared with an urban
cohort (UrC) and a rural cohort (RuC) in Denmark. Further, we will establish the methodology and research perspective
of BAC as an ongoing research initiative.

Methods

Design, Study Population, and Data Sources

This is a national, registry-based cohort study of all acute somatic hospital contacts in Denmark during 2016-2018. All
hospital contacts with at least one acute contact at BFH were extracted as part of BAC. For comparisons, we defined two
other cohorts of the remaining hospital contacts: UrC, consisting of hospital contacts in cities with >100.000 inhabitants;

and RuC, consisting of hospital contacts in smaller cities (Figure 1, see Supplementary Al for list of hospitals). BFH

covers a solely metropolitan catchment area, UrC covers both urban and suburban or rural catchment areas, while RuC
covers smaller cities and rural areas. We considered each hospital contact separately. Therefore, patients could have more
than one hospital contact during the period and could be included in more than one of the cohorts (with different hospital
contacts).

The database was established at Statistics Denmark by linkage of data from the Danish National Patient Registry
(DNPR),'® the Danish National Prescription Registry,'® the Register of Laboratory Results for Research (RLRR),? the
Central Person Register,”' the Income Statistics Register,”> the Danish Education Register,”” and the Building and
Housing Register*® for the years 2003-2018. Data was available nationally, except for RLRR data from the Central
Denmark Region. Information was linked by CPR number (“Det Centrale Personregister”), a unique, lifelong identifier
provided at birth and used for registration of all healthcare and societal information. Persons <18 years were excluded,
since they are usually treated in pediatric emergency departments.

In DNPR, a new contact is registered for each visit (eg, visits to the emergency department [ED], hospital
ambulatories, or short stays at hospital wards) or Department stay, and a new contact is recorded each time a patient
is transferred to a new department.'® Each contact is registered by contact type (visit or hospitalization) and urgency
(acute/unplanned or elective/planned), separately for somatic and psychiatric departments. We considered all somatic and
psychiatric contacts, in all variations of acute, elective, visits, and hospitalization contact types and formed hospital
contacts of coherent contacts within four hours. Thereby, hospital contacts consist of one or more contacts; either visit
contact(s), hospitalization contact(s), or a combination of them reflecting the total course from arrival at a hospital until
discharge. Exclusively elective or psychiatric hospital contacts were not included. We stratified hospital contacts into
hospitalizations (at least one hospitalization contact) and visits (See Supplementary A2 for further definitions). Notably,

acute visit contacts can be either visits at the ED or acute visits at outpatient clinics (ambulatories located at the hospital)

or hospital wards.
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Bispebjerg Acute Cohort (BAC): @ A
Urban Cohort (UrC): ® A
Rural Cohot (RuC): OA

Figure | Map of hospitals with acute functions in Denmark and related catchment areas.

Notes: Hospitals involved in acute care are marked with circles and triangles. A circle indicates that the hospital has an emergency department or trauma center.
A triangle indicates that the hospital has no emergency department but receives patients with minor problems in emergency clinics or departments receiving
transfers from acute hospitals. The catchment area of each acute hospital is represented by the extent of the colored area the hospital is placed in. Catchment
areas are related to hospitals with emergency departments and mostly follow municipality borders (marked with white lines), except for central Copenhagen.
Bispebjerg Acute Cohort (BAC) is marked with red, the urban cohort (UrC) is marked with blue, and the rural cohort (RuC) is marked with yellow. The city
boundaries for the four largest cities are drawn with black to show that the catchment areas of UrC extend outside the cities. Black line and change of color
palette marks regional borders.

Clinical Epidemiology 2022:14 httpsi//doi.org/10.2147/CLEP.S338149 411

DovePress


https://www.dovepress.com
https://www.dovepress.com

Gregersen et al Dove

Setting

Denmark has a tax-funded, universal healthcare and welfare system, where hospital diagnostics and treatments are
carried out without direct expenses of the patient.*'®* Access to acute care at hospitals requires a referral from either
general practitioners (GP) or Emergency Medical Services (EMS), and each region operates an independent EMS
organization.’?® In 2014, the Capital Region implemented a new system, where patients who are assessed by out-of-
hours GPs in other regions, are handled in separate ED fast tracks.”*?° These ED fast tracks are registered in the DNPR
as ED visits, which consequently increases the number of ED visits in the Capital Region compared with other regions.”
Persons with Danish citizenship or a permanent address in Denmark (eg, foreigners working or studying in Denmark,
along with legal immigrants) are provided with a CPR number, whereas visitors (tourists among others) and illegal
immigrants are given a temporary CPR number if they need healthcare services.

BFH is located at two different locations in central Copenhagen and covers a solely metropolitan/urban catchment
area, whereas other urban hospitals cover both urban/suburban and rural areas (Figure 1). BFH receives about 120,000
acute contacts per year and has a catchment area of 52.8 km?, covering most of central Copenhagen with about 483,000
inhabitants from two municipalities.**” While most of central Copenhagen is a part of the BFH catchment area,
Rigshospitalet, the national hospital for highly specialized treatments also has an Emergency Clinic for minor traumas
in a small catchment area and Amager and Hvidovre Hospital, besides covering Southern and Western Copenhagen, also
covers parts of Central Copenhagen (Figure 1). BFH has a level II trauma center, and all severe cases are prehospitally
referred to the level I center at Rigshospitalet. Patients with acute ST-elevation myocardial infarction are referred to
specialized centers outside BFH. Rigshospitalet and BFH are regional stroke centers, providing reperfusion treatment on
alternating dates.

The ED at BFH has a short-stay (<6 hours) unit and an Emergency Medical Ward for up to 48-hour stays at the
Bispebjerg site, along with an Emergency Clinic at the Frederiksberg site. While most patients were initially examined at
the ED prior to admission, patients could also be directly admitted to acute units at the Emergency Medical Ward,
Cardiology Department, Neurology Department, and Surgical Department.' Since BFH did not provide general gynecol-
ogy, obstetrical, neonatal, or pediatric care services in the study period, pregnant women were referred to other hospitals
in the Capital Region and children were only referred to BFH with minor to moderate trauma or mild diseases.

Characteristics

We examined patient characteristics, medication prior to acute hospital contact, characteristics of the hospital contact, the
primary diagnoses, and abnormal laboratory results. Patient characteristics consisted of age, sex, CPR status (permanent
or temporary), and comorbidity measured as Charlson Comorbidity Index (CCI) score by the Quan 2011 modification,
with a 5-year lookback period.”®*’ Socioeconomic data were assessed at the calendar year before each hospital contact
and consisted of educational level by the International Standard Classification of Education (ISCED) 2011, personal
income (divided by quintiles of the general population), employment status, civil status, and cohabitation (see
Supplementary A3—-A5 for groupings). Medication was defined from redeemed prescriptions within four months prior

to the hospital contact. We identified the 15 most frequent medications among all included hospital contacts at the
therapeutic subgroup (2™ Anatomical Therapeutic Chemical Classification [ATC] level) and assessed the proportion of
patients with at least one redemption of these, along with polypharmacy and hyperpolypharmacy (5+ and 10+ different
medications [5" ATC-level], respectively). Patients with temporary CPR were censored from socioeconomic and
medication assessments due to missing data. Characteristics of the hospital contacts include the time of day and day
of the week for the start of each hospital contact, number of transfers if the hospital contact involved contacts in another
region, and involved psychiatric contacts. The primary diagnosis was assessed at the last contact in a hospital contact and
grouped as proposed by Vest-Hansen et al,*' with some modifications (see Supplementary A6 for grouping and

modifications). We chose the blood, blood gas, urine, and cerebrospinal fluid laboratory results most relevant for acute
contacts and assessed the proportion of abnormal results (values outside reference intervals). We only investigated the
first of each result during each hospital contact. For results without defined reference intervals, such values were defined
when appropriate; otherwise the results were excluded.
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Outcomes

Outcomes consisted of length of stay (length of hospital contact in total hours), in-hospital mortality (dying during
a hospital contact), and all-cause mortality and readmission within 30 days from discharge (only including patients
discharged alive and with a permanent CPR number). Readmission was defined as a hospitalization beginning with an
acute contact within 30 days from discharge, with one exception: if the hospital contact ended with a referral to a hospital
Department, and the next contact both started within 24 hours and was registered as referred from the hospital, it was not
considered a readmission.

Statistical Methods

Since there were notable differences between visits and hospitalizations in patient characteristics and causes of contacts,
we performed all analyses stratified by hospital contact type. Characteristics and outcomes are presented by frequency
(%) if categorical and by median (first quartile [Q1]-third quartile [Q3]) if continuous. Outcomes after discharge were
assessed by cumulative incidence function at 30 days (95% CI) with death as a competing risk for readmission, and
censoring at the end of follow-up on the 31st of December 2018.

It was not the purpose of the study to test specific hypotheses. Further, due to the large sample size, it would be
possible to identify even small, statistically significant results. Therefore, we have refrained from using classical
statistical methods to compare the groups. Instead, we compared UrC and RuC to BAC, and highlighted relative
differences of at least 10% at a 95% confidence interval. Smaller differences or even lack of differences might also be
worth considering when comparing cohorts, but it is beyond the scope of this paper to discuss such differences in detail.
Comparisons were not performed for the cumulative incidence function analyses.

We performed subgroup analyses excluding patients <40 years of age and patients with a temporary CPR number.
The cut-off at 40 years was chosen after reviewing the data since we observed an overrepresentation of young persons in
the metropolitan and urban cohorts. This overrepresentation is presumably caused by students who often finish their
studies and move away from the big cities before the age of 40. By excluding patients <40 years of age, we obtained
a comparable age-distribution between the three cohorts, both regarding visits and hospitalizations.

Data analyses were performed with SAS Enterprise Guide (version 9.04, SAS Institute, USA). Reporting adhered to
Reporting of Studies Conducted using Observational Routinely-collected Data (RECORD).*?

Results
There were 4.82 million citizens with permanent CPR number aged >18 years in Denmark during the study period. We
identified 4.06 million acute hospital contacts in the entire country, consisting of 6.06 million individual contacts.
Hospitalizations represented 2.04 mio (50.3%) of these acute hospital contacts (Table 1). Of all adult citizens with permanent
CPR number in Denmark, 38.9% (1.88 million persons) had at least one acute hospital contact over the 3-year period.
When stratified into the three cohorts, BAC constituted 8.4% (n=343,200), UrC 40.3% (n=1,636,154), and RuC
51.3% (n=2,084,066) of all hospital contacts (Table 1). When comparing contact type distribution, BAC had a higher
proportion of visits at 65.5% compared with 52.1% for UrC and 45.3% for RuC. Thereby, BAC constituted 11.1% of all
visits in the country but only 5.8% of all hospitalizations. In BAC, 6.7% of visit contacts were registered at other
departments than the ED units. Of the 200,299 unique patients included in BAC, 35.7% also had one or more contacts in
the other cohorts (at other hospitals) during the study period.

Visits

Characteristics and Outcomes

BAC patients were younger, more often had a temporary CPR number, had a higher education level and a lower income
compared with UrC and RuC (Table 1). They were more likely to be studying or unemployed but less likely to be on
a pension. They were more often unmarried and living alone but had a similar comorbidity burden. Polypharmacy and
hyperpolypharmacy, along with all medication groups, except for psycholeptics, drugs for obstructive airway diseases,
and sex hormones and modulators of the genital system, were more frequent in UrC and RuC (Table 2). Visits in BAC
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Table | Patient Characteristics at Each Acute Hospital Contact

Exposure Group Visits Hospitalizations
BAC UrC RuC BAC UrC RuC
All All 224,904 (65.5%) 852,544 (52.1%) 943,862 (45.3%) 118,296 (34.5%) 783,610 (47.9%) 1,140,204 (54.7%)
Age <25 years 21.1% 18.8%* 19.5% 6.4% 6.5% 7.0%
25-39 year 34.2% 27.5%° 22.1%° 13.9% 20.4%* 15.8%"
40-64 years 29.2% 33.5%° 35.4%" 30.5% 28.3% 28.3%
65-79 years 10.3% 13.6%" 15.7%* 28.8% 27.7% 29.3%
280 years 5.2% 6.6% 7.3% 20.5% 17.1%* 19.6%
Age, median 36 (26-54) 42 (27-60) 45 (28-63) 64 (45-77) 61 (38-75) 64 (42-77)
Sex Female 52.2% 51.5% 48.6% 51.7% 55.3% 54.4%
CPR status Temporary CPR 4.4% 1.9%* 1.6%* 1.5% 0.9%" 0.8%*
Charlson Comorbidity Index (CCI) CCl: 0 85.5% 84.6% 85.3% 57.4% 60.1% 61.1%
CCI: 1-2 11.6% 12.4% 11.7% 28.5% 27.1% 25.8%
CClI: 3+ 2.8% 3.0% 3.0% 14.1% 12.9% 13.1%
Educational level Missing, or no primary education 4.4% 2.9% 2.2% 5.2% 3.2%° 2.6%
Primary or lower secondary (ISCED 0-2) 25.3% 30.9%" 37.8%" 30.9% 32.8% 40.9%"
Upper secondary or post-secondary, non-tertiary (ISCED 3—4) 33.9% 38.2%" 40.1%* 34.6% 37.1% 37.6%
Short-cycle tertiary or above (ISCED 5-8) 36.4% 28.0%" 19.9%* 29.3% 26.9% 18.9%*
Personal income (quintile) First quintile 26.1% 21.8%" 21.2%" 14.2% 13.7% 13.8%
Second quintile 24.6% 21.4%* 22.4% 30.8% 27.1%* 31.8%
Third quintile 18.6% 20.5% 22.6%" 26.2% 26.9% 28.4%
Fourth quintile 15.6% 18.2%" 19.0%* 14.6% 17.4%" 15.7%
Fifth quintile 14.9% 18.0%" 14.8% 14.2% 14.9% 10.4%"
Employment status Student 18.0% 14.0%* 12.5% 5.6% 5.6% 4.5%*
Active employment 46.2% 47.9% 46.6% 26.1% 32.1%" 28.1%
Unemployment, sick leave, absence allowance, etc. 10.5% 9.0%" 8.6%" 9.9% 8.0%" 8.0%*
Disability pension 4.1% 5.3%" 6.6%" 7.7% 8.3% 9.5%"
Old age pension and early retirement benefit 14.4% 18.8%" 21.6%* 46.9% 42.7% 47.3%
Unknown 6.9% 5.0%* 4.0%" 3.8% 3.3%° 2.7%
Civil status Married 24.7% 36.3%" 39.2%" 30.6% 42.8%* 44.5%
Unmarried 57.0% 44.8% 41.2%* 32.5% 28.2%" 24.8%"
Divorced 12.3% 12.1% 12.1% 20.8% 14.8%" 14.3%"
Widowed 4.6% 6.0% 7.1% 15.4% 13.8%" 16.2%
Missing 1.4% 0.8%* 0.5%* 0.8% 0.5%* 0.2%"
Cohabitation status Single, living alone 34.8% 30.6%" 29.2% 50.8% 36.7% 37.2%°
Single, living with at least one other person 21.3% 13.2%" 10.1%* 11.8% 7.9% 6.4%
Couples, living with at least one other person 42.5% 55.4%" 60.2%" 36.6% 54.9%" 56.1%"
Missing 1.4% 0.8%* 0.5%* 0.8% 0.5%* 0.2%"

Notes: *Marks a statistically significant relative difference of at least 10% at a 0.05 significance level compared to BAC.
Abbreviations: BAC, Bispebjerg acute cohort; ISCED, International Standard Classification of Education; RuC, rural cohort; UrC, urban cohort.
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Table 2 Proportions of Patients with Medication Prescriptions Prior to Each Acute Hospital Contact

Medication Visits Hospitalizations

BAC UrC RuC BAC UrC RuC
Polypharmacy (5 or more drugs) 18.7% 23.0%" 24.7%" 49.6% 46.7% 52.1%
Hyperpolypharmacy (10 or more drugs) 5.0% 6.1%" 7.0%" 19.4% 18.1% 21.9%*
Analgesics 17.1% 22.0%* 24.9%* 38.3% 38.1% 41.9%
Antibacterials for systemic use 26.5% 26.7% 22.3%" 32.1% 32.6% 35.5%
Antithrombotic agents 8.5% 11.7%* 13.1%* 30.2% 28.0% 31.7%
Drugs for acid related disorders 10.4% 12.2%* 13.5%* 26.1% 25.4% 28.4%
Agents acting on the renin-angiotensin system 8.3% 11.6%* 13.1%* 23.0% 22.3% 24.5%
Lipid modifying agents 7.4% 10.6% 12.0% 20.4% 20.5% 22.9%
Diuretics 5.4% 7.1%* 8.6%" 20.4% 19.4% 22.8%
Psychoanaleptics 8.7% 10.0%* 12.3%* 16.3% 15.7% 18.8%*
Psycholeptics 9.1% 9.0% 9.6% 21.6% 16.8%" 18.4%*
Beta blocking agents 5.4% 7.0%" 8.2%" 18.7% 17.4% 20.7%
Drugs for obstructive airway diseases 7.1% 7.7% 8.3%" 16.1% 13.9%° 16.7%
Anti-inflammatory and antirheumatic products 8.4% 10.8%* 11.9%* 10.5% 11.2% 12.4%*
Calcium channel blockers 4.6% 5.9%* 7.2%* 12.9% 12.1% 13.9%
Sex hormones and modulators of the genital system 12.1% 11.5% 11.0% 8.7% 7.6%" 8.0%
Mineral supplements 2.6% 3.6%" 4.5% 11.7% 11.7% 14.5%

Notes: *Marks a statistically significant relative difference of at least 10% at a 0.05 significance level compared to BAC.
Abbreviations: BAC, Bispebjerg acute cohort; RuC, rural cohort; UrC, urban cohort.

less often started as a planned contact, were more often initiated during the evening, nighttime, and weekend, had fewer

transfers and were more likely to involve patients living in other regions of Denmark (Table 3). RuC had a high

proportion of injuries, whereas BAC and UrC had more visits due to infectious diseases, poisoning and intoxication, and

unspecific symptoms (Table 4). A sensitivity analysis showed that injuries were registered for 40.3% and infectious

diseases for 19.5% of visits in the Capital Region compared with 63.1% and 2.4%, respectively, for the other four regions

combined. Abnormal laboratory results of blood tests for haemoglobin, leukocytes, creatinine, albumin, bilirubin,

Table 3 Hospital Contact Characteristics

Exposure Group Visits Hospitalizations
BAC UrC RuC BAC UrC RuC
All 224,904 852,544 943,862 118,296 783,610 1,140,204
(65.5%) (52.1%) (45.3%) (34.5%) (47.9%) (54.7%)
Elective/planned first contact 0.5% 2.6%" 6.2%" 4.3% 11.8%° 9.5%"
Time of day for first contact 8:00 to 15:59 43.2% 49.5%" 54.4%* 54.4% 52.2% 53.6%
16:00 to 23:59 44.8% 40.3%" 36.8%° 32.9% 31.2% 31.6%
0:00 to 7:59 12.0% 10.2%* 8.8%" 12.7% 16.6% 14.8%"
Hospital contact beginning on Sat-Sun 37.1% 33.1%° 29.9%° 21.9% 23.2% 22.5%
Hospital contact includes psychiatric contact 0.2% 0.2% 0.2% 1.8% 1.4%* 1.7%
Number of transfers between somatic No transfer 97.6% 93.1% 90.4% 40.3% 39.9% 42.1%
departments per hospital contact
One transfer 2.3% 6.5%" 9.0%" 39.5% 38.5% 40.4%
Two transfers 0.1% 0.4%" 0.6%" 12.7% 13.9% 13.1%
Three or more 0.01% 0.03%" 0.1%* 7.5% 7.7% 4.4%*
transfers
Acute contact not in region of residence 7.7% 6.5%" 6.8%" 3.8% 4.8%° 3.7%
Notes: *Marks a statistically significant relative difference of at least 10% at a 0.05 significance level compared to BAC.
Abbreviations: BAC, Bispebjerg acute cohort; RuC, rural cohort; UrC, urban cohort.
Clinical Epidemiology 2022:14 htps: 415
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Table 4 Grouped Primary Diagnoses for Patients at Last Contact in a Hospital Contact

Grouped Primary Diagnoses at Last Contact Visits Hospitalizations

BAC uUrC RuC BAC UrC RuC
All 224,904 852,544 943,862 118,296 783,610 1,140,204

(65.5%) (52.1%) (45.3%) (34.5%) (47.9%) (54.7%)
Infectious diseases 19.8% 14.1%* 6.2%* 19.1% 15.4%* 17.2%"
Neoplasms 0.02% 0.2%" 0.1%"* 1.1% 4.3%" 2.0%"
Diseases of the blood and blood-forming organs and certain 0.4% 0.2%* 0.2%* 1.3% 1.2% 1.4%
disorders involved in the immune system
Endocrine, nutritional and metabolic disorders 0.4% 0.3%* 0.3%* 3.9% 2.7% 3.1%*
Mental and behavioral disorders 0.4% 0.3%" 0.2%" 0.7% 0.5%" 0.8%*
Diseases of the nervous system 0.7% 0.7% 0.5%* 6.1% 4.6%" 3.0%"
Diseases of the eyes, ears, mouth, throat, and skin 2.9% 3.2% 1.2%* 0.9% 1.2%* 0.7%*
Diseases of the heart and circulatory system 1.0% 1.3%" 1.3%" 11.6% 9.3%* 8.9%"
Diseases of the respiratory system 0.9% 0.6%* 0.4%* 5.4% 4.3%" 4.7%"
Diseases of the digestive system 1.8% 1.3%* 0.9%" 8.4% 6.0%" 7.0%"
Diseases of the musculoskeletal system and connective tissue 4.4% 4.1% 3.1%* 3.0% 3.0% 2.5%"
Diseases of the genitourinary system 1.1% 1.6%* 0.6%" 1.8% 2.5%" 2.5%"
Diseases in pregnancy, birth, and perinatal period 0.1% 1.0%* 0.5%" 0.1% 9.6%" 6.9%"
Poisoning, intoxications, substance use, and adverse effects of 1.7% 1.5%" 1.0%* 3.4% 2.6%* 3.1%
medications
Injury and certain other consequences of external causes 40.0% 43.8% 60.7%" 6.7% 7.6% 8.0%"
Symptoms and abnormal findings, not elsewhere classified 13.5% 13.2% 9.2%* 14.0% 14.6% 17.7%*
Factors influencing health status and contact with health services 10.8% 12.5%* 13.6%* 12.4% 10.8%" 10.4%?

Notes: *Marks a statistically significant relative difference of at least 10% at a 0.05 significance level compared to BAC.
Abbreviations: BAC, Bispebjerg acute cohort; RuC, rural cohort; UrC, urban cohort.

glucose, and lactate; as well as urine leukocytes and erythrocytes were more frequent in BAC than in the other two
cohorts (Table 5).

Length of stay was similar in all three cohorts (Table 6). For patients discharged alive, the risk of 30-day mortality
was similar across the cohorts, and BAC had a 30-day risk of readmission comparable to UrC, but higher than RuC.

Subgroup

When patients <40 years or without permanent CPR were excluded, the differences in age, income, employment status,
polypharmacy, medication groups, and primary diagnosis results diminished or disappeared, whereas differences in
education, civil status, cohabitation, contact characteristics, and abnormal laboratory results remained almost unchanged
(Supplementary B1-B6). Further, most differences in medication groups between BAC and UrC disappeared but

remained more prevalent for RuC in most groups. Differences in length of stay and in-hospital mortality were unchanged,
but the risk of readmission was higher for BAC than for the other cohorts.

Hospitalizations

Characteristics and Outcomes

Hospitalizations in BAC had higher median age than in UrC but were similar to RuC (Table 1). Temporary CPR and
living alone were more common in BAC than in other cohorts, and fewer were married in BAC. Patients in BAC had
a higher educational level than in RuC but comparable to UrC. Income was similar for BAC and the other cohorts. BAC
had more unemployed, UrC had more in employment, and RuC had more disability pensioners. Hyperpolypharmacy was
more common in RuC (Table 2). The frequencies of most medication groups were similar, except for psycholeptics,
which were more common in BAC; psychoanaleptics, anti-inflammatory drugs, and mineral supplements, which were
more common in RuC; and drugs for obstructive airway diseases, which were less common in UrC. Hospitalizations in
BAC were less often initiated with a planned contact or during nighttime (Table 3). Hospital contact involving
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Table 5 Proportion of Abnormal Results for the First of Each Laboratory Tests

Laboratory Tests

Visits

Hospitalizations

BAC

UrC

RuC

BAC

UrC

RuC

Haemoglobin; B
Leukocytes; B
Thrombocytes; B
Coagulation, tissue factor-induced; P
Sodium ion; P
Potassium ion; P
Creatinine; P

eGFR

Albumin; P

Bilirubin; P

Alanine transaminase; P
Alkaline phosphatase; P
Amylase; P

C-reactive protein; P
Glucose; P

Hydrogen ion; P
Oxygen; P

Carbon dioxide; P
Base excess; P

Lactate; P

Leukocytes; U

Nitrite; U
Erythrocytes; U
Leukocytes; Csf

2604 (28.8%)
4147 (44.0%)
1005 (12.0%)
858 (10.8%)
1645 (18.8%)
1352 (15.7%)
2082 (23.6%)
1635 (18.6%)
2882 (39.3%)
1777 (26.9%)
765 (12.3%)
968 (14.4%)
413 (6.9%)
2871 (29.8%)
1794 (30.6%)
2359 (31.7%)
4822 (65.7%)
2240 (30.0%)
3093 (41.6%)
2216 (29.9%)
2666 (42.4%)
446 (7.1%)
2664 (42.4%)

26,105 (22.4%)*
43,547 (37.7%)°
11,202 (10.7%)
8307 (7.9%)*
19,839 (17.8%)
15,675 (14.1%)
21,183 (19.1%)*
14,141 (14.0%)
17,588 (17.7%)*
17,585 (17.5%)*
11,576 (11.3%)
12,848 (12.7%)
4143 (6.6%)
34,818 (31.4%)
23,751 (23.6%)°
6990 (29.8%)
11,308 (60.0%)
7565 (29.5%)
4091 (24.9%)*
4884 (20.8%)*
569 (19.6%)°
474 (9.2%)°
536 (29.9%)°
19 (9.0%)*

24,917 (24.2%)°
42,233 (38.6%)°
10,965 (11.8%)
9444 (11.3%)
17,371 (17.3%)
16,092 (16.1%)
18,504 (18.5%)*
14,126 (15.9%)*
17,058 (17.7%)*
15,277 (19.5%)*
10,124 (12.4%)
11,737 (14.4%)
3812 (6.0%)
38,820 (36.8%)°
21,296 (23.4%)*
5182 (28.2%)
7722 (64.3%)
4998 (31.2%)
3162 (29.1%)°
3565 (22.8%)°
711 (14.8%)
593 (8.5%)

529 (14.0%)°
20 (10.1%)*

35,491 (35.4%)
51,263 (51.1%)
15,856 (16.3%)
13,521 (14.6%)
27,640 (27.6%)
20,190 (20.3%)
31,263 (31.3%)
26,497 (26.6%)
45,486 (48.3%)
17,240 (24.4%)
7999 (16.3%)
16,288 (21.6%)
7044 (12.3%)
45,176 (45.4%)
28,236 (36.3%)
9528 (50.1%)
11,676 (61.8%)
9342 (43.6%)
9262 (48.8%)
6455 (33.6%)
10,373 (39.8%)
2914 (11.2%)
10,018 (38.5%)
229 (88.4%)

211,822 (40.1%)*
261,664 (51.4%)
95,572 (19.4%)*
62,865 (13.5%)
159,285 (31.1%)"
111,135 (21.7%)
165,696 (32.3%)
129,434 (26.1%)
177,704 (37.2%)*
82,612 (19.3%)*
75,705 (16.6%)
103,284 (23.5%)
32,655 (10.8%)®
256,250 (51.2%)*
154,102 (38.2%)
75,792 (44.3%)*
96,339 (62.4%)
86,779 (41.0%)
52,587 (42.0%)®
48,903 (29.9%)*
1854 (13.3%)
2469 (12.4%)
1841 (19.5%)°
1766 (35.8%)

267,543 (38.5%)
368,198 (52.6%)
114,488 (17.6%)
92,500 (15.1%)
200,465 (29.5%)
152,652 (22.5%)
208,621 (30.6%)
174,570 (26.4%)
259,493 (39.8%)"
97,868 (17.8%)*
91,708 (16.0%)
135,321 (24.3%)*
53,349 (11.4%)
371,212 (53.8%)"
207,825 (34.6%)
95,794 (40.6%)*
135,780 (72.9%)"
96,490 (36.9%)*
79,578 (47.5%)
56,689 (30.1%)
5044 (5.1%)"
15,966 (10.5%)
5054 (7.4%)*
1713 (29.6%)

Notes: *Marks a statistically significant relative difference of at least 10% at a 0.05 significance level compared to BAC.

Abbreviations: BAC, Bispebjerg acute cohort; B, blood; Csf, cerebrospinal fluid; P, plasma; U, urine; RuC, rural cohort; UrC, urban cohort.
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Table 6 Outcomes During and Following Hospital Contacts

In-hospital mortality
Cumulative incidence of 30-day mortality
Cumulative incidence of 30-day readmission

0.4% (0.4-0.4%)
6.1% (6.0-6.2%)

0.4% (0.4-0.4%)
6.0% (6.0-6.1%)

0.4% (0.4-0.5%)
5.4% (5.4-5.5%)

3057 (2.6%)
3.0% (2.9-3.1%)
20.5% (20.3-20.8%)

23,291 (3.0%)
3.1% (3.0-3.1%)
17.3% (17.2-17.4%)

Outcomes Visits Hospitalizations
BAC urC RuC BAC urcC RuC
Length of stay for combined hospital contact in hours (Median [Q1-Q3]) 2 (1-3) 2 (14) 2 (1-3) 38 (14-119) 50 (17-123) 35 (I13-101)

29,776 (2.6%)
3.4% (3.3-3.4%)
17.5% (17.5-17.6%)

Notes: There was no statistically significant relative difference of at least 10% at a 0.05 significance level for UrC or RuC compared to BAC on in-hospital mortality. Significance testing was not performed on outcomes after discharge.

Abbreviations: BAC, Bispebjerg acute cohort; RuC, rural cohort; UrC, urban cohort.
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a psychiatric Department was more frequent for BAC than for UrC but was similar to RuC. UrC had more hospitalization
patients from other regions. BAC had a higher proportion of infectious, endocrine, cardiovascular, respiratory, digestive,
and neurological diseases, and a considerably lower proportion of diseases regarding pregnancy, birth, and perinatal
period than UrC and RuC (Table 4). The proportion of abnormal laboratory results was similar for most tests, except for
a predominance of abnormal plasma albumin, bilirubin, and hydrogen ion (pH); urine erythrocytes and leukocytes; and
cerebrospinal fluid leukocytes, and at the same time fewer abnormal C-reactive protein results in BAC compared to UrC
and RuC (Table 5). Compared to BAC, RuC had an overweight of abnormal blood haemoglobin and thrombocytes.

The median length of stay was higher for UrC than for BAC and RuC, and UrC had a higher risk of in-hospital
mortality than BAC and RuC but slightly below our pre-defined level of relevance (Table 6). Risk of 30-day mortality
after discharge was higher for RuC than BAC and UrC, but BAC had an increased risk of 30-day readmission compared
with UrC and RuC.

Subgroup
Subgroup analyses of patients >40 years and patients with a permanent CPR leveled out age differences, while
differences in employment status, contact characteristics, and discharge diagnoses decreased (Supplementary B1-B6).

Differences in education level increased, while differences in income, civil status, cohabitation, hyperpolypharmacy,
medication groups, and abnormal laboratory results were largely unchanged. The proportion of female patients remained
unchanged for BAC but decreased considerably for the other cohorts. Differences of length of stay, in-hospital mortality,
and risk of readmission were unaffected, but risk of mortality after being discharged was lower for BAC compared with
UrC and RuC.

Discussion

We have presented patient characteristics, prescription groups, contact characteristics, primary diagnoses, laboratory
results, and outcomes for a metropolitan acute cohort, BAC, constituting more than eight percent of all acute hospital
contacts in Denmark. We compared patient characteristics and outcomes with other hospital cohorts to examine
differences across the regions that may affect generalizability. To our knowledge, this is the first nationwide comparative
study between a metropolitan hospital, hospitals in large cities, and hospitals in smaller cities. Our study revealed partly
age-dependent differences in characteristics regarding visits between BAC and the other two comparison cohorts and, to
a lesser degree, hospitalizations, where BAC and UrC were almost similar. Risk of in-hospital mortality was higher for
UrC than for BAC and RuC in both regular and subgroup analyses. RuC had a higher risk of 30-day mortality after
hospitalizations than BAC and UrC, but in subgroup analysis BAC had a lower risk than both UrC and RuC. Opposingly,
BAC had a higher risk of readmission.

Visits

Comparisons of visits were primarily reflected by differences in healthcare structure since DNPR acute visits in the
Capital Region also include contacts which are handled by out-of-hours GPs in other regions. After the 2014 Capital
Region reorganization, patients with mild diseases were seen in ED fast tracks instead of by out-of-hours GPs, a drastic
increase in the total number of acute contacts and a doubling of discharge diagnoses with infectious diseases has been
observed.” In agreement with this, we found significant differences in injury-related primary diagnoses (60.7% for RuC
compared with 40.0% for BAC), showing that the causes of visits differ between the cohorts. Our sensitivity analysis
showed that this difference was mainly between the Capital Region and the other regions.

Further, BAC visit patients were substantially younger than those in UrC and RuC. The age difference was in
concordance with the average age differences across catchment areas, where the two municipalities (out of 98) in BAC
have the lowest and fifth-lowest average age.” The disparities in age and causes of contact may result in differences in all
other compared characteristics since they are largely age-dependent. Our subgroup analyses reduced some, but not all, of
these differences. Due to these national differences in healthcare structure, it is challenging to establish if metropolitan
acute visits are different from urban and rural acute visits. It appears that there are both regional and local variations that
should be considered when comparing visit contacts.
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Hospitalizations

There were fewer but important differences between BAC and the comparison cohorts. Most notably, patients in UrC
were younger than in BAC and RuC, which could also cause differences in other patient characteristics, if correlated with
age. Hospitalized patients in BAC lived alone considerably more often, which may increase the risk of readmission and
mortality.'”?

A Scottish study discovered a significant association between multimorbidity and living area among hospitalized
patients, with less frequent multimorbidity in remote rural areas (22.0%), but otherwise comparable proportions between
urban and small-town areas (27.8-29.1%).'° In agreement with these findings, comorbidity in the present study was more
common in BAC (42.6%) than in UrC (39.9%) and RuC (38.9%), although the median age was comparable between
BAC and RuC, and higher for UrC. Opposingly, hyperpolypharmacy was more common in RuC. The identified
differences in discharge diagnoses largely reflect the specialties present at our hospitals.

A US study including both acute and planned hospitalizations showed a difference in mortality between urban and
rural groups,’ and another US study found that this difference is increasing over time.” In contrast, we discovered a lower
in-hospital mortality for BAC and RuC compared with UrC, although UrC had lower age and comorbidity burden. This
suggests that the excess mortality found in rural US is not present in Denmark when considering acute care — and might
even be the opposite, with a higher risk for urban patients. Except for a Swedish two-center investigation of patients with
acute chest pain that showed no difference in mortality between an urban and rural setting, no large-scale comparisons
have been conducted in a European setting.>*

Perspectives

Perspectives of Current Findings

Differences between metropolitan, urban, and rural hospitals can be caused by differences on several levels, eg, local
variations in medical specialties, transfers, and patient flow; regional differences in the handling of patients with mild
symptoms; and both local and regional differences in demographics and socioeconomics of the inhabitants.'?
Regarding acute visits, our comparisons are influenced mainly by the differences in healthcare structure. However,
comparisons of hospitalizations were only to a minor degree affected by healthcare structure, and highlighted that
a metropolitan cohort is different from urban and rural cohorts, and that BAC might not be completely representative of
all acute contacts in Denmark. The present study provides important, potential confounders when comparing acute
contacts of metropolitan, urban, and rural catchment areas. Many of the characteristics are internally correlated, and
thereby differences in one characteristic (eg age) can cause differences in other characteristics. Demographics of the
general population have previously been compared between the five regions of Denmark, showing a large degree of
homogeneity, except for differences in urbanization and population density.®> This study highlights that there may be
differences in patient characteristics within the same region and across regions, especially since there are differences in
the healthcare organization. We found that during the three-year study period, more than a third of all adult inhabitants
had at least one acute contact. However, for this study, we included all types of acute hospital contacts, which besides
trauma and acute diseases in emergency departments or hospital wards, also included acute visits at hospital ambula-
tories, acute pregnancy- and birth-related contacts, and out-of-hours GP contacts (only for the Capital Region).

While national healthcare structures, policies, and population demographics differ between countries and affect
international generalization, the current results are also relevant in other countries. Based on population Denmark is
a medium-sized European country (no. 25 of 51)*® and Copenhagen is medium-sized capital city and metropole (the 34th
largest urban agglomeration in Europe 2020 with 1.35mio inhabitants).*” Thereby our findings should be relevant for
most of Europe and possibly also non-European settings with comparable living standards and healthcare structure.
Among others, our study shows that acute patients in a metropolitan catchment area more often have a temporary CPR
number (not permanent address), more often live alone, and have a higher comorbidity burden, but also have a higher
educational level. These differences can be relevant to consider in the interpretation of research findings in other
countries or cities (both metropolitan, urban, or rural) or organizational when planning healthcare structure for acute

patients.
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Perspectives of the Database

BAC comprises almost 10% of the total acute hospital contacts in Denmark and enables research on the entirety of acute
patients, with a focus on a single metropolitan hospital and with the possibility of assessing differences across hospitals
and regions. While the Danish national registers include large amounts of relevant data, other supplementary data could
be of importance. For specific research hypotheses, it is possible to obtain permission to merge clinical information (such
as symptoms, triage, and vitals which unfortunately are not registered in DNPR) from the EMS databases and from the
electronic patient record Sundhedsplatformen (Epic) with our database.’*® Thereby, we will obtain substantial informa-
tion about the patient at arrival and during stay, providing new research possibilities. Further, some of the existing Danish
clinical quality databases can provide detailed information on predefined groups of patients.**® Other external databases,
such as the Danish Poison Information Center, may add valuable information. The Register of Hospital Medication will
become available soon and provides information on medication during hospital stay. Further on, BAC is in the process of
establishing an infrastructure for collection of biological material and relevant clinical information that may not be
obtained otherwise.

With the addition of clinical information from different sources, many major limitations usually associated with
research based on the Danish national registers could be minimized. A focus, among others, will be the investigation of
the prevalence of inter- and intrahospital transfers and their consequences; differences in unplanned readmission rates
across diagnoses and specialties; cooperation between GPs, EMS, and hospitals; and the impact of different patient
sociodemographics. To our knowledge, this is the first hospital-wide examination of all acute hospital contacts, and as
such, it hopefully could serve as a point of reference for other studies.

Strengths and Limitations

The strength of this study is the use of prospectively collected nationwide data on all adult acute patients and access to
high-quality and well-described information from the CPR number based national Danish registers. Large epidemiolo-
gical studies with long-term and complete follow-up on the Danish population are used in many studies and have been
considered an invaluable data resource.’

The current study also has limitations. The database is based on administrative data, which may cause bias, eg, bias of
misclassification or selection. Acute hospitalization contacts in DNPR have a high validity,” but the accuracy of acute
visit contacts is undetermined — and should be topic for future research. Comorbidity was defined from all previous
DNPR contacts, but thereby missing for patients at their first contact. Primary discharge diagnoses are coded by the
physician responsible for discharging the patient and might be subject to personal or regional variation and preference.’
RLRR does not include information from the Central Denmark Region, which caused missing information.”’ However,
we primarily analyzed proportions of abnormal results from those who had analyses registered. RLRR might be subject
to local differences in registration of point-of-care analyses and selection of patients to examine. For patients in BAC,
some analyses (most notably urine erythrocytes and leukocytes, but also plasma albumin and bilirubin) were much more
often abnormal than the other cohorts, supporting differences in registration.

All acute visit contacts, regardless of whether the contact was in an ED, hospital ward or ambulatory clinic, were
included in this study. Consequently, 6.7% of the visits in BAC were outside the ED. We included combined contacts
rather than individuals so that patients with several hospital contacts affect the averages more than patients with just one
hospital contact. Our algorithm for combining contacts in DNPR differs from others.>****° Based on our previous
experience with DNPR coding, we chose a 4-hour window.*' Flgjstrup et al have only found minor differences between
a 3-, 6- and 12-hour window in sensitivity analyses.” We included planned contacts and contacts at psychiatric
departments to investigate how often these were present in acute hospital contacts. Acute hospital contacts started
with a planned contact in 4.3—-11.8% of hospital contacts, and 1.4-1.8% of hospitalizations included contacts at the
psychiatric departments. Patients with temporary CPR were not excluded, and we showed that they represent
a considerable proportion of the work with acute patients, especially in urban hospitals. Due to the large sample-size,
we were able to identify even small, statistically significant results, and therefore highlighted only difference with a 99%
confidence interval difference of 10%. However, smaller or lack of differences are also worth considering.
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Conclusion

The study outlines the establishment and research perspectives of BAC, a metropolitan and national acute hospital
contact database. The presentation of patient characteristics, hospital course, and outcomes in BAC and comparing
them to acutely admitted patients from urban and rural catchment areas revealed important differences between the
catchment areas. Healthcare structure influenced the comparison of visits, but differences were also present among
hospitalizations. This shows that acute contacts in metropolitan hospitals are different and not always representative of
the general population, which should be considered when evaluating findings on local cohorts. It is also worth
considering when planning healthcare structure since metropolitan acute care hospitals should expect more younger
patients with different contact characteristics, more visiting tourists, and patients more often living alone, possibly with
limited social support.

Abbreviations

BAC, Bispebjerg acute cohort; BFH, Bispebjerg and Frederiksberg Hospital; CPR, Det Centrale Personregister; DNPR,
Danish National Patient Registry; ED, emergency department; GPs, general practitioners; RLRR, Register of Laboratory
Results for Research; RuC, rural cohort; UrC, urban cohort.
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