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Abstract
Background: Hospital length of stays (LOS) for incident of hip fracture are decreasing, but it is unknown if these
changes have negative impacts on vulnerable older patient populations, like those with Alzheimer’s disease (AD).
We aimed to assess if persons with and without AD have different hospital LOS for hip fracture, and is the LOS
associated with hospital readmissions.
Methods: Utilizing register-based data for a matched cohort study nested in the Medication use and Alzheimer’s
disease study (MEDALZ), we collected all community-dwelling persons in Finland diagnosed with AD during 2005–
2012, had incident of first hip fracture between 2005 and 2015 after AD diagnosis, and were discharged alive from
an acute care hospital. Hospital LOS and hospital readmissions within 30-days and 90-days were compared
between those with and without AD and risk of readmission was assessed using binary logistic regression analysis.
Results: In this matched cohort study of 12,532 persons (mean age 84.6 years (95% CI: 84.5–84.7), 76.8% women), the
median LOS in an acute care hospital was 1 day shorter for those with AD (median 4 days, IQR 3–7) than those without
AD (median 5 days, IQR 3–7) (P < 0.001). However, the AD cohort had respectively 6 days and 5 days longer median
LOS in a community hospital, and total hospital stay compared to the non-AD cohort (P < 0.001 for all comparisons).
Those with AD had fewer readmissions within 30-days (10.7%) and 90-days (16.9%) compared to those without AD
(13.3% 30-days and 20.7% 90-days) (P < 0.001 for all comparisons). Both cohorts had a reduced readmission risk within
30-days when the LOS in an acute care hospital was 4–14 days, compared to a LOS less than 4 days.
Conclusions: Persons with AD had shorter acute care hospital LOS, but had longer LOS in a community hospital
setting compared to those without AD, which is similar to other findings when comparing total hospital LOS. These
findings imply that short LOS in acute care hospitals may be associated with poor health outcomes for vulnerable
older populations after hip fracture.
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Background
Alzheimer’s disease (AD) is a common neurodegenerative
disease, usually affecting the older adult population and is
the most prevalent form of dementia. The progressive and
chronic course of this incurable disease is burdening
healthcare systems globally [1]. Persons with AD are at a
higher risk of falls compared to persons without dementia,
[2] often leading to hip fractures [3]. Outcomes after hip
fracture are often negative for the individual, including
loss of function and mobility, and increased mortality, but
also are burdensome for the health care system due to
high care costs. As the population ages throughout the
world, incidence of both hip fracture and AD are also on
the rise. Scandinavia, Finland included, has the highest reported incidence of hip fractures in the world [4].
Hip fractures have been used as a “tracer condition” to
monitor healthcare response when designing clinical and
organizational improvements in the quality and effectiveness of care for older populations [5]. Quality indicators for
hip fracture care, such as length of stay (LOS) and hospital
readmissions, are measurable aspects that reflect the quality
of care and are commonly used outcome measures [6].
Definitions of LOS are varied. Several studies have reported on the acute surgical phase of treatment, while
others have included rehabilitation or in-patient care. A
systematic review of observational studies found longer
hospital LOS after hip fracture for persons with dementia
[7], while other studies found shorter LOS compared to
those without dementia [8, 9]. Comparing hospital LOS in
studies is difficult due different care models utilized in
health care systems.
Hospital readmissions have been increasingly accepted
as a metric for quality of care because they may be seen
as a preventable failure to ensure safe discharge [10, 11].
A systematic review found the effect of cognitive disorders on hospital readmissions after hip fracture to be
conflicting; some observed increased risk of readmission,
while others a decrease in risk [12]. Patients readmitted
within 30-days of discharge after a hip fracture have
been observed to have worse outcomes, with nearly two
times higher mortality rate compared to those without
readmissions during the first year [13, 14].
Further research is needed on the relationship of AD,
hip fractures, and the LOS during the acute surgical
phase of treatment and inpatient treatment, along with
the 30-day and 90-day hospital readmissions to properly
support this vulnerable population. The main aim of this
study is to compare the LOS of those with and without
AD for the acute care hospital stay, inpatient treatment
in a community hospital, and the total hospital LOS
using the data collected in the Finnish nationwide Medication use and Alzheimer’s disease (MEDALZ) study of
persons with AD. The second aim of the study is to
compare the 30-day and 90-day readmission rates of
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persons with and without AD after incident of hip fracture and the possible association of LOS and readmission rates of those with and without AD.

Methods
Study population

This retrospective matched cohort study was nested in
the MEDALZ study which included all communitydwelling persons who received a new clinically verified
diagnosis of AD from 2005 to 2011 (N = 70,719) in
Finland. Age in the MEDALZ cohort ranges from 34 to
105 years (mean 80.1 (standard deviation 7.1) years) and
65.2% were women. Those with an AD diagnosis were
identified from the Finnish Special Reimbursement
Register (FSRR), which is maintained by the Social Insurance Institution of Finland (SII) as described in a previous article [15]. Persons diagnosed with certain
chronic diseases, such as AD, are eligible for higher reimbursement of their medications and this data is recorded by the FSRR.
For a person to be eligible for the FSRR for AD they
need a verified diagnosis of AD written in a medical
statement by their physician and submitted to SII. The
medical statement must confirm that the patient has: 1)
symptoms consistent with AD, 2) experienced a decrease
in social capacity over a period of at least 3 months, 3)
received a computed tomography (CT)/ magnetic resonance imaging scan (MRI) to confirm that neuroanatomical changes are consistent with AD, 4) had possible
alternative diagnoses excluded, and 5) received confirmation of the diagnosis by a registered neurologist or
geriatrician. Along with the medical statement submitted
by the physicians to SII, findings from the CT/MRI, laboratory tests, cognitive tests and statements from the
patient and their family are included. The AD diagnosis
was based mainly on the National Institute of Neurological and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Association’s (NINCDS-ADRDA) and Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) criteria for Alzheimer’s disease [16, 17].
Identification of hip fractures between 1972 and 2015
was gathered from the National Hospital Discharge
Register using the International Classification of Diseases
(ICD) -10 codes: S72.0 (fracture of neck of femur), S72.1
(pertrochanteric fracture) and S72.2 (subtrochanteric
fracture). The corresponding ICD-9 and ICD-8 codes
were used to exclude previous hip fractures. Information
on inpatient and outpatient use of healthcare services of
individuals is collected by the Finnish Care Register for
Health Care and the data are continuously updated.
When comparing audit and register-based data, 98.1% of
occurred hip fractures were recorded in the inpatient
data of the Care Register for Health Care [18]. Only
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those that had sustained their first hip fracture after
their verified AD diagnosis and were discharged alive
from the hospital were included in the study. The
Causes of Death Register, maintained by Statistics
Finland, reported the data on mortality from 2005 to
2015. Similar methods have been published previously
[19].
To compare the hospital LOSs and readmission rates
among persons with and without AD, an age, sex, and
university hospital district-matched cohort of persons
who did not have a clinically verified AD diagnosis, but
had sustained their first hip fracture between 2005 and
2015, was identified from a SII database. The SII database covers all residents of Finland who are eligible for
social security.
Data from the various national registers was compiled
using a unique personal identity code assigned to every
resident of Finland and has previously been described
[20]. De-identification (i.e., substitution of anonymous
numerical codes for the personal identity codes) of the
all the data were completed by the register maintainers
before being released to the research team. Study participants were not contacted. Ethics committee approval or
informed consent were not required according to the
Finnish legislation. The MEDALZ study protocol was
approved by the register maintainers (Statistics Finland,
SII, and National Institute of Health and Welfare) and
the University of Eastern Finland.
Of those diagnosed with AD from 2005 to 2011, 6982
persons sustained their first hip fracture from 2005 to
2015 after their AD diagnosis. Two persons were excluded due to no data available on their hospital district
and 575 persons died during the initial hospital period.
No matches were obtained for 139 persons with a hip
fracture and verified AD diagnosis. A total of 6266
matched pairs were used for the analysis (Fig. 1).
Length of acute care and community hospital stay

The LOS (in days) in an acute care setting was collected
from The Care Register for Health Care and was calculated from the day of admission to the day of discharge
and considered the acute care hospital stay. Community
hospitals are often utilized for patients after being discharged from an acute care hospital for rehabilitation
services post fracture and care of contingent conditions.
The LOS in a community hospital was interrupted in
some cases by a need for hospital readmission but could
have continued when discharged from readmission stay
at the acute care hospital. The community hospital stay
days before and after readmission were included in calculating community hospital LOS (Additional File 1: Figure S1). The total LOS was calculated from adding the
acute care hospital LOS for hip fracture, and the cumulative community hospital days.
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All community-dwellers in Finland
who received a clinically verified
AD diagnosis in 2005-2011
N=70,718
No hip fractures n=63201
Hip fracture before AD diagnosis
n=535

Persons with
incident hip
fracture
n=6982
No data on
hospital
district n=2
Died in the
hospital
after hip
fracture
n=575

Non-AD cohort
with fractures
during 2005-2015
for n=17,536

Matching 1:1 Discharged alive
n=6405

Matched pairs in
the analysis
N=6266

No match
obtained
n=139

Fig. 1 Flow chart of the study population exclusions and
matched comparisons

Acute care hospital readmissions were also identified
from The Care Register for Health Care within 30-days
and within 90-days of discharge from the initial acute
care hospital stay.
Covariates

Comorbidity history (since 1972) prior to the incident of
hip fracture were identified from the National Hospital
Discharge Register and Special Reimbursement Register.
Diabetes, cardiovascular diseases (CVD) including,
hypertension, coronary artery disease, familial hypercholesterolemia, heart failure, and chronic cardiac arrhythmias, epilepsy, and asthma or chronic obstructive
pulmonary disease (COPD) data were obtained from the
Special Reimbursement Register. Also obtained from the
National Hospital Discharge Register was data on stroke
(ICD-10 codes I60-I64), mental disorders (ICD-10 codes
F04-F99), and required level of assistance at discharge.
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We used occupational social class to represent the socioeconomic position (SEP) which was obtained from
the censuses maintained by Statistics Finland. Data was
collected every 5 years from 1970 to 1990, followed by
collections in 1993, 1995, 2000, and then annually from
2004 onwards. The 2010 version of the original classification is available from reference [21]. The occupational
social class categories were created and included “managerial/professional”, “office worker”, “farming/forestry”,
“sales/industry/cleaning”, “unknown” and “did not respond”. Individuals were categorized to their work type
during their middle age (45–55 years old) because people
retired at lower ages previously.
Statistical analyses

Characteristics between AD and non-AD cohorts were
compared with Fischer’s Exact test (2-sided) or Χ2 test
for categorical variables. Differences in LOS were compared with Mann-Whitney U test for statistical significance. Analyses were performed separately for the AD
and non-AD cohorts. To compare the AD and non-AD
cohorts’ LOS (acute care hospital stay, community hospital stay, and total hospital stay) and 30-day and 90-day
hospital readmissions, binary logistic regression analysis
was used with adjusted models. All statistical analyses
were completed using SPSS version 24.0 for Mac (IBM
Corp., Armonk, NY).

Results
Study population

The mean age of the study sample (76.8% women)
was 84.6 years (SD: 5.7) (Table 1). Between the AD
and non-AD hip fracture cohorts there were no regional differences, furthermore no differences were
observed between the month (data not shown) or year
when the hip fracture occurred. A history of a mental
disorder was more prevalent in the AD cohort, while
stroke and cardiovascular disease were more prevalent
in the non-AD cohort. The prevalence of asthma/
COPD, diabetes, and epilepsy were similar in both cohorts. There were slight differences in the distribution
of occupational social class between cohorts with no
consistent pattern. Altogether 3.9% of those with AD
and 3.2% of those without AD died within 30 days
after discharge from their acute care hospital stay,
and a larger difference was observed with 90-day
mortality of 11.3% and 7.6%, respectively.
Length of stay

The median LOS for the acute care hospital stay for the
AD cohort was 4 days compared to non-AD cohort’s
LOS of 5 days. Upon discharge from the acute care hospital stay, about 87% of each cohort discharged to a
community hospital setting for further care (Table 1).
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The required level of assistance at discharge varied between the two cohorts with a greater proportion of the
AD cohort needing continuous or nearly continuous assistance compared to the non-AD cohort (Table 1). The
AD population median LOS in those discharged to a
community hospital was 6 days longer compared to the
non-AD persons. The total hospital LOS (combined
acute care and community hospital LOS) for those with
AD being approximately 5 days longer than those without AD.
30-day and 90-day hospital readmission

Hospital readmissions within 30-days of acute care
hospital stay discharge were less common in the AD
cohort (10.7% re-hospitalized) in comparison to the
non-AD cohort (13.3% re-hospitalized) (Table 2). Differences between the AD and non-AD cohorts
remained after adjustment for sex, age, hospital district, year of hip fracture, occupational social class,
comorbidities, and required level of assistance at discharge. Similar results were observed within 90-days
hospital readmissions (16.9% of the AD cohort and
20.7% of the non-AD cohort) with significant differences between cohorts remaining after adjustment of
all covariates. In both cohorts a history of diabetes,
cardiovascular disease, and epilepsy were more prevalent in those who were readmitted within 30-days and
within 90-days compared to those not readmitted
(Additional File 1: Tables S1-S4). Those who were readmitted within 30-days had a higher mortality within
90-days and higher required level of assistance at discharge. A history of stroke was associated with higher
90-day readmission risk in persons with AD.
Comparing hospital readmissions to length of stay

In both the AD and non-AD cohort, persons with an
acute care hospital LOS of 4–7 days or 8–14 days were
less likely to have been readmitted within 30-days than
those who had an acute care hospital stay less than 4
days (Table 3). A lower risk of readmission within 90days continued to be observed with 4–14-day acute care
stays in the AD cohort, but not in the non-AD cohort.
However, the trend for lower risk of 90-day readmission
with longer acute care hospital stays was also observed
among those without AD, but the confidence intervals
overlapped.
LOS in a community hospital was not associated
with readmission within 30-days and 90-days in the
AD cohort (Table 4). However, in those without AD,
those with LOS greater than 7 days compared to a
shorter LOS had a decreased risk of 30-day readmission. A decrease in risk of readmission within 90-days
for the non-AD cohort continued to be observed for
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Table 1 Characteristics of AD and non-AD cohorts with incident hip fracture
Characteristics

AD Cohort
(n = 6266)

Non-AD Cohort
(n = 6266)

P-Value

Age at hip fracture, mean ± SD

84.6 ± 5.7

84.6 ± 5.7

Matched 1.00

Female, n (%)

4815 (76.8%)

4815 (76.8%)

Male, n (%)

1451 (23.2%)

1451 (23.2%)

Sex

Matched 1.00

University Hospital District

··
··
0.29

Helsinki, n (%)

1817 (29.0%)

1791 (28.6%)

··

Kuopio, n (%)

1230 (19.6%)

1195 (19.1%)

··

Oulu, n (%)

882 (14.1%)

839 (13.4%)

··

Tampere, n (%)

1354 (21.6%)

1381 (22.0%)

··

Turku, n (%)

983 (15.7%)

1060 (16.9%)

Year of hip fracture

··
0.99

2005, n (%)

67 (1.1%)

73 (1.2%)

··

2006, n (%)

242 (3.9%)

235 (3.8%)

··

2007, n (%)

357 (5.7%)

358 (5.7%)

··

2008, n (%)

562 (9.0%)

563 (9.0%)

··

2009, n (%)

603 (9.6%)

606 (9.7%)

··

2010, n (%)

769 (12.3%)

787 (12.6%)

··

2011, n (%)

895 (14.3%)

869 (13.9%)

··

2012, n (%)

904 (14.4%)

894 (14.3%)

··

2013, n (%)

788 (12.6%)

783 (12.5%)

··

2014, n (%)

592 (9.4%)

595 (9.5%)

··

2015, n (%)

487 (7.8%)

503 (8.0%)

··

4 (3–7)

5 (3–7)

0.001

Median acute care hospital stay, days (IQR)
Discharged to community hospital, n (%)

5486 (87.6%)

5483 (87.5%)

0.93

Median community hospital stay, days (IQR) a

35(16–84)

29 (15–65)

< 0.001

Median total hospital stay, median (IQR)

34 (15–81)

29 (15–63)

< 0.001

Readmission within 30-days, n (%)

672 (10.7%)

836 (13.3%)

< 0.001

Readmission within 90-days, n (%)

1059 (16.9%)

1300 (20.7%)

< 0.001

Died within 30-days, n (%)

246 (3.9%)

200 (3.2%)

0.03

Died within 90-days, n (%)

705 (11.3%)

478 (7.6%)

< 0.001

Diabetes, n (%)

737 (11.8%)

774 (12.4%)

0.32

Stroke, n (%)

546 (8.7%)

646 (10.3%)

0.003

CVD, n (%)

3018 (48.2%)

3152 (50.3%)

0.017

Mental disorders, n (%)

1464 (23.4%)

801 (12.8%)

< 0.001

Asthma/COPD, n (%)

539 (8.6%)

573 (9.1%)

0.28

Epilepsy, n (%)

165 (2.6%)

135 (2.2%)

Highest occupational social class

0.09
0.005

Managerial/ Professional, n (%)

1170 (18.7%)

1135 (18.1%)

··

Office worker, n (%)

608 (9.7%)

595 (9.5%)

··

Farming/ forestry, n (%)

1113 (17.8%)

1258 (20.1%)

··

Sales/industry/ cleaning, n (%)

2648 (42.3%)

2503 (39.9%)

··

Unknown, n (%)

671 (10.7%)

701 (11.2%)

··

Did not respond, n (%)

56 (0.9%)

74 (1.2%)

··
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Table 1 Characteristics of AD and non-AD cohorts with incident hip fracture (Continued)
Characteristics

AD Cohort
(n = 6266)

Non-AD Cohort
(n = 6266)

P-Value

Median duration of AD diagnosis, years (IQR)

2.8 (1.3–4.4)

NA

NA

143 (2.3%)

325 (5.2%)

Required level of assistance at discharge

< 0.001

Nearly independent, n (%)

··

Intermittent need, n (%)

802 (12.8%)

1142 (18.2%)

··

Recurrent need, n (%)

2708 (43.2%)

2795 (44.6%)

··

Nearly continuous, n (%)

1387 (22.1%)

1033 (16.5%)

··

Continuous, n (%)

946 (15.1%)

708 (11.3%)

··

Missing data, n (%)

280 (4.5%)

263 (4.2%)

··

AD Alzheimer’s Disease; SD Standard Deviation; IQR Interquartile Range; NA Not Applicable; CVD Cardiovascular Disease; COPD Chronic Obstructive
Pulmonary Disease
a
only those discharged to a community hospital

a LOS of 8–14 days and 15–29 days in the non-AD
cohort.
No differences in risk of readmission within 30-days
and 90-days were observed in the AD cohort for any
categorized total hospital LOS (Table 5). A decrease in
risk of readmission within 30-days was observed in the
non-AD cohort when the total hospital LOS was 10–
19 days compared to a LOS less than 10 days, but no
difference in risk was observed with a longer LOS. No
difference in risk of readmission within 90-days was observed in the non-AD cohort in the adjusted model.

Discussion
This large, population-based cohort study found persons with AD had a 1 day shorter LOS in an acute
care hospital, but the total hospital LOS was 5 days
longer (when including the community hospital LOS)
compared to those without AD. Hospital readmission
rates were lower for persons with AD. This study also
found a shorter LOS (less than 4 days) in an acute
care hospital after hip fracture for both cohorts was
associated with an increased risk of readmission
within 30-days of acute care hospital discharge.

AD has been observed to be a risk for hip fractures
[3]. Our findings in regard to total hospital LOS were
similar to those found in the systematic review by Möller
et al. 2018. The review, pooling together seven studies,
reported longer hospital LOS after hip fracture for
those with dementia compared to those without dementia, ranging from 0.3 to 10 days longer. The definition of hospital LOS given in the studies varied or no
definition was given at all making the results difficult to
compare to our study [7]. In Finland, most hip fracture
patients are referred to rehabilitation in community
hospitals soon after operative treatment in an acute
care hospital [22] and the structure of the healthcare
system may account for the differences in LOS in
general.
Our findings are similar to the mean acute care
hospital LOS of 4–5 days for hip fracture in Finland
[23]. Treatment and outcomes for hip fracture patients in Finland have improved in recent years, with
a decrease in mortality rates and shortened hospital
stays [18]. Finland established a National Guideline
for care after hip fracture in 2006, [24] possibly leading to care improvements and better outcomes. However, vulnerable patient populations, like older

Table 2 Relative risk of 30-day and 90-day readmission in AD and non-AD cohorts after the acute care hospital stay
n of Readmissions / n (%)

RR (95% CI) Unadjusted

RR (95% CI)a

RR (95% CI)

b

30-day Readmission
Non-AD Cohort (Ref.)

836 /6266 (13.3)

1.00

1.00

1.00

AD Cohort

672 /6266 (10.7)

0.78 (0.70–0.87)

0.78 (0.70–0.87)

0.76 (0.68–0.85)

Non-AD Cohort (Ref.)

1300/6266 (20.7)

1.00

1.00

1.00

AD Cohort

1059/6266 (16.9)

0.78 (0.71–0.85)

0.77 (0.71–0.85)

0.77 (0.70–0.84)

90-day Readmission

Abbreviations: AD Alzheimer’s disease; RR risk ratio; CI Confidence Interval; Ref. Reference
a
adjusted for age, sex, hospital district, and year of hip fracture
b
adjusted for age, sex, hospital district, diabetes, stroke, cardiovascular disease, mental disorders, highest occupational social class, duration of AD on hip fracture
(in years), and required level of assistance at discharge.
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Table 3 Duration of Acute care hospital stay compared to risk of 30-day and 90-day hospital readmission in AD and non-AD
cohorts
< 4 days
(Ref.)

4–7 days

8–14 days

≥ 15 days

399/3233 (12.3)

153/1814 (8.4)

79/877 (9.0)

41/342 (12.0)

1.00

0.65 (0.54–0.80)

0.70 (0.55–0.91)

0.97 (0.69–1.36)

1.00

0.68 (0.55–0.83)

0.72 (0.55–0.93)

0.95 (0.67–1.34)

30-day Readmission
AD Cohort

n Readmitted/ n (%)

672/6266 (10.7)

RR (95% CI) Unadjusted

Non-AD Cohort

RR (95% CI)

a

RR (95% CI)

b

n Readmitted/ n (%)

836/6266 (13.3)

RR (95% CI) Unadjusted

1.00

0.67 (0.54–0.82)

0.72 (0.55–0.94)

0.89 (0.63–1.30)

463/3023 (15.3)

233/1955 (11.9)

103/968 (10.6)

37/320 (11.6)

1.00

0.75 (0.63–0.89)

0.66 (0.52–0.83)

0.72 (0.51–1.03)

RR (95% CI)

a

1.00

0.79 (0.67–0.94)

0.69 (0.55–0.87)

0.73 (0.51–1.05)

RR (95% CI)

b

1.00

0.82 (0.69–0.98)

0.72 (0.57–0.91)

0.72 (0.50–1.04)

586/3233 (18.1)

276/1814 (15.2)

128/877 (14.6)

69/342 (20.0)

1.00

0.81 (0.69–0.95)

0.77 (0.63–0.95)

1.14 (0.86–1.51)

90-day Readmission
AD Cohort

n Readmitted/ n (%)

1059/6266 (16.9)

RR (95% CI) Unadjusted

Non-AD Cohort

RR (95% CI)

a

1.00

0.83 (0.71–0.98)

0.79 (0.63–0.98)

1.12 (0.85–1.49)

RR (95% CI)

b

1.00

0.83 (0.70–0.97)

0.80 (0.64–0.99)

1.11 (0.84–1.49)

655/3023 (21.7)

403/1955 (20.6)

181/968 (18.7)

61/320 (19.1)

1.00

0.94 (0.82–1.08)

0.83 (0.70–0.99)

0.85 (0.64–1.14)

n Readmitted/ n (%)

1300/6266 (20.7)

RR (95% CI) Unadjusted
RR (95% CI)

a

1.00

0.97 (0.84–1.12)

0.85 (0.71–1.03)

0.85 (0.63–1.14)

RR (95% CI)

b

1.00

0.99 (0.86–1.14)

0.88 (0.73–1.07)

0.87 (0.64–1.17)

Abbreviations: AD Alzheimer’s disease; RR risk ratio; CI Confidence Interval; Ref. Reference
a
adjusted for age, sex, hospital district, and year of hip fracture
b
adjusted for age, sex, hospital district, year of hip fracture, diabetes, stroke, cardiovascular disease, mental disorders, highest occupational social class, duration
of AD on hip fracture (in years), and required level of assistance at discharge

persons with AD, may not be benefiting from the
trend of shorter hospital LOS as seen from our results. Shorter LOS may increase the risk of hospital
readmissions, as patients are discharged “sicker and
quicker” [13]. Shorter acute care hospital stays for patients reduces their exposure to fewer care providers
specialized in early postoperative care and for comprehensive evaluations of medical conditions during
the initial hospitalization. Comprehensive geriatric assessments, especially when it includes orthogeriatrics,
have been found to decrease the risk of complications
after hip fracture in older patients [25–27].
In our study those in the AD cohort had fewer hospital readmissions within 30- and 90-days compared
to those without AD. A systematic review by Ali and
Gibbons 2017 previously found dementia either increased the readmission risk or had no effect [12].
The longer LOS in a community hospital for those
with AD may have affected the readmission rates since
complications, like post-operative infections, can be
treated in community hospitals. Lower readmission rates
may also be explained by the higher mortality rates within
90-days of the AD cohort. Dementia has been shown to
be an independent predictor of mortality after hip fracture
surgery [28]. Our study found higher mortality rates in the

AD cohort for within 30- and 90-days of acute care discharge compared to the non-AD cohort. In a large cohort
study of older adults in the Sweden, around 5% of persons
died within 30 days of discharge after hip fracture [29],
which was higher than our findings.
The LOS in an acute care hospital was more strongly
associated with readmission within 30-days and 90-days
for those with AD than to community hospital LOS and
total LOS. A systematic review by Ali and Gibbons 2017
found the effect of hospital LOS for hip fracture on readmission rates have been unclear and few have focused
on persons with dementia or AD [12]. The 30-day readmission rate of the AD cohort (10.7%) was similar to
the median 30-day readmission rate (10.1%) reported in
the review.
The AD cohort had larger proportion of persons in
need of continuous or nearly continuous level of assistance at discharge. Rehabilitation outcomes following hip fracture in persons with dementia are
dependent on the person’s stage of the disease. Persons with mild to moderate stages of dementia have
been found to have similar gains in rehabilitation
after hip fracture compared to non-cognitively impaired persons. However, these gains are not seen in
the more advanced stages of dementia [30].
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Table 4 Duration of Community hospital stay compared to risk of 30-day and 90- day hospital readmission in AD and non-AD
cohorts
< 8 days
(Ref.)

8–14 days

15–29 days

≥ 30 days

64/533
(12.0)

85/725 (11.7)

109/1180 (9.2)

348/3048 (11.4)

30-day Readmission
AD Cohort

n Readmitted/ n (%)a

606/5486 (11.0)

RR (95% CI) Unadjusted

Non-AD Cohort

1.00

0.97 (0.69–1.38)

0.75 (0.54–1.03)

0.95 (0.71–1.26)

RR (95% CI)

b

1.00

0.97 (0.69–1.38)

0.75 (0.54–1.04)

0.93 (0.70–1.24)

RR (95% CI)

c

1.00

0.99 (0.70–1.40)

0.76 (0.54–1.05)

0.92 (0.69–1.24)

c

n Readmitted/ n (%)

753/5483 (13.7)

RR (95% CI) Unadjusted

99/515 (19.2)

99/847 (11.7)

154/1384 (11.1)

401/2737 (14.7)

1.00

0.56 (0.41–0.75)

0.53 (0.40–0.69)

0.72 (0.57–0.92)

RR (95% CI)

b

1.00

0.58 (0.42–0.78)

0.56 (0.42–0.74)

0.77 (0.60–0.98)

RR (95% CI)

c

1.00

0.57 (0.42–0.77)

0.55 (0.42–0.73)

0.74 (0.58–0.95)

93/533 (17.4)

117/725 (16.1)

186/1180 (15.8)

562/3048 (18.4)

1.00

0.91 (0.68–1.23)

0.89 (0.67–1.23)

1.07 (0.84–1.36)

1.00

0.91 (0.67–1.23)

0.89 (0.67–1.17)

1.06 (0.83–1.36)

90-day Readmission
AD Cohort

n Readmitted/ n (%)c

958/5486 (17.5)

RR (95% CI) Unadjusted

Non-AD Cohort

RR (95% CI)

b

RR (95% CI)

c

n Readmitted/ n (%)c

1179/5483 (21.5)

RR (95% CI) Unadjusted

1.00

0.92 (0.68–1.24)

0.90 (0.68–1.18)

1.06 (0.83–1.36)

125/515 (24.3)

158/847 (18.7)

253/1384 (18.3)

643/2737 (23.5)

1.00

0.72 (0.55–0.93)

0.70 (0.55–0.89)

0.96 (0.77–1.19)

RR (95% CI)

b

1.00

0.72 (0.55–0.95)

0.72 (0.56–0.92)

1.00 (0.80–1.24)

RR (95% CI)

c

1.00

0.71 (0.55–0.93)

0.71 (0.56–0.92)

0.97 (0.78–1.22)

Abbreviations: AD Alzheimer’s disease; RR risk ratio; CI Confidence Interval; Ref. Reference
a
Only those discharged to a community hospital after initial acute care hospital stay
b
adjusted for age, sex, hospital district, and year of hip fracture.
c
adjusted for age, sex, hospital district, year of hip fracture, diabetes, stroke, cardiovascular disease, mental disorders, highest occupational social class, duration of
AD on hip fracture (in years), and required level of assistance at discharge.

In both cohorts, only about 12% were discharged home
from the acute care hospital. Other studies have reported
between 13 and 34% of older adults discharged home
from the hospital after hip fracture [31–33]. In Finnish
practice persons and especially older persons who are not
able to manage in their homes or who are needing rehabilitation are discharged to community hospitals. The
rehabilitation process continues just a few days or in severe cases weeks or even months. This is likely a reflection
of differences in care.
Strengths of our study include a nationwide cohort
of persons with clinically verified AD diagnosis and
accurate hospitalization events and recorded hip fractures [34]. Studies assessing the internal validity of
Finnish Care Register for Health Care and comparing
register information with patient records or other information from the primary source have confirmed that the
coverage and accuracy of these registers are well-suited
for epidemiological research [35, 36]. We reported the
LOS in acute care and community hospitals separately,
which allows the comparison of our results to other countries with different health care systems.

Our study focused on those who were community
dwelling at incident of AD diagnosis. Therefore, the results are not entirely generalizable to institutionalized
persons. The main limitation of all register-based studies, not specific to ours, is the lack of information on
certain confounders, such as lifestyle factors [37]. These
lifestyle-based confounders can be partially captured by
comorbidities. The AD cohort may not only capture
purely AD cases since this can only be done postmortem autopsy. Some persons in the AD cohort may
have mixed dementia. However, the validity of AD
diagnosis in the Special Reimbursement register has
shown to be fairly accurate, with a positive predictive
value of 97.1% [36].

Conclusion
Shorter LOS in an acute care hospital for hip fracture
was associated with an increased risk of hospital readmission within 30-days for both those with and without AD in Finland. Vulnerable populations, such as
those with AD, may benefit from a longer acute care
hospital LOS after hip fracture possibly giving them
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Table 5 Duration of Total hospital stay compared to risk of 30-day and 90-day hospital readmission in AD and non-AD cohorts
< 10 days
(Ref.)

10–19 days

20–29 days

≥ 30 days

110/1047 (10.5)

102/1002 (10.2)

85/812 (10.5)

375/3405 (11.0)

1.00

0.97 (0.73–1.28)

0.99 (0.74–1.28)

1.05 (0.84–1.32)

RR (95% CI)

a

1.00

0.90 (0.68–1.21)

0.93 (0.69–1.26)

0.96 (0.76–1.21)

RR (95% CI)

b

1.00

0.87 (0.65–1.16)

0.90 (0.66–1.22)

0.90 (0.71–1.14)

145/996 (14.6)

130/1114 (11.7)

132/1027 (12.9)

429/3129 (13.7)

1.00

0.78 (0.60–0.99)

0.87 (0.67–1.11)

0.93 (0.76–1.14)

RR (95% CI)

a

1.00

0.75 (0.58–0.97)

0.88 (0.68–1.13)

0.94 (0.76–1.15)

RR (95% CI)

b

1.00

0.73 (0.56–0.94)

0.85 (0.65–1.10)

0.88 (0.71–1.09)

158/1047 (15.1)

153/1002 (15.3)

132/812 (16.3)

616/3405 (18.1)

30-day Readmission
AD Cohort

n Readmitted/ n (%)

672/6266 (10.7)

RR (95% CI) Unadjusted

Non-AD Cohort

n Readmitted/ n (%)

836/6266 (13.3)

RR (95% CI) Unadjusted

90-day Readmission
AD Cohort

n Readmitted/ n (%)

1059/6266 (16.9)

RR (95% CI) Unadjusted

Non-AD Cohort

RR (95% CI)

a

RR (95% CI)

b

n Readmitted/ n (%)

1300/6266 (20.7)

RR (95% CI) Unadjusted

1.00

1.01 (0.80–1.29)

1.09 (0.85–1.41)

1.24 (1.03–1.50)

1.00

0.97 (0.76–1.24)

1.05 (0.81–1.35)

1.17 (0.96–1.42)

1.00

0.94 (0.74–1.20)

1.02 (0.79–1.32)

1.12 (0.92–1.37)

194/996 (19.5)

196/1114 (17.6)

200/1027 (19.5)

710/3129 (22.7)

1.00

0.88 (0.71–1.10)

1.00 (0.80–1.25)

1.21 (1.02–1.45)

RR (95% CI)

a

1.00

0.86 (0.69–1.07)

1.00 (0.80–1.25)

1.22 (1.02–1.47)

RR (95% CI)

b

1.00

0.84 (0.67–1.05)

0.97 (0.77–1.21)

1.16 (0.97–1.40)

Abbreviations: AD Alzheimer’s disease; RR risk ratio; CI Confidence Interval; Ref. Reference
a
adjusted for age, sex, hospital district, and year of hip fracture
b
adjusted for age, sex, hospital district, year of hip fracture, diabetes, stroke, cardiovascular disease, mental disorders, highest occupational social class, duration
of AD on hip fracture (in years), and required level of assistance at discharge.

access to comprehensive geriatric assessments or orthogeriatric collaboration, and thereby reducing poor health
outcomes and costly hospital readmissions.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12877-020-01609-5.
Additional file 1:. Figure S1 Determination of length of stay in a
community hospital setting and Tables S1-S4: Characteristics of the 30day and 90-day readmission in AD and non-AD cohorts.
Abbreviations
AD: Alzheimer’s disease; COPD: Chronic obstructive pulmonary disease;
CT: Computed tomography; CVD: Cardiovascular disease; FSRR: Finnish
Special Reimbursement Register; ICD: International Classification of Diseases;
LOS: Length of stay; MEDALZ study: Medication use and Alzheimer’s disease
study; MRI: Magnetic resonance imaging scan; SII: Social Insurance Institution
of Finland

Acquisition, analysis, and interpretation of data: BR, SH, AMT. Preparation of
manuscript and or critical revision for relevant intellectual content: BR, MK,
SH, AMT. All authors read and approved the final manuscript. BR had full
access to the data used in the study, is responsible for the integrity of the
data and accuracy of data analysis, and acts as the guarantor.
Funding
A-MT acknowledgers funding from the Academy of Finland (grants 295334
and 307232, which also paid BR’s salary) and strategic funding from the
University of Eastern Finland. The funders had no role in study design; in the
collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the paper for publication.
Availability of data and materials
The data that support the findings of this study are available from the Social
Insurance Institution (SII) but restrictions apply to the availability of these
data, which were used under license for the current study, and so are not
publicly available. Data are however available from the authors upon
reasonable request and with permission of SII.
Ethics approval and consent to participate
Not applicable.

Acknowledgements
A poster presentation of this research was previously presented at the 15th
International Congress of the European Geriatric Medicine Society [38].

Consent for publication
Not applicable.

Conflict of interest
The authors have no conflicts of interest

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors meet criteria for authorship as stated in the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals. The author
contributions are as follows: Study concept and design: BR, SH, AMT.

Author details
School of Pharmacy, Faculty of Health Sciences, Kuopio Campus, University
of Eastern Finland, P.O. Box 1627, FI-70211 Kuopio, Finland. 2Kuopio Research
Centre of Geriatric Care, University of Eastern Finland, Kuopio, Finland.
1

Rajamaki et al. BMC Geriatrics

(2020) 20:214

Page 10 of 10

3
Centre for Medicine Use and Safety, Faculty of Pharmacy and
Pharmaceutical Sciences, Monash University, Parkville, VIC, Australia.

Received: 19 July 2019 Accepted: 10 June 2020

References
1. Alzheimer’s Association. 2018 Alzheimer’s disease facts and figures.
Alzheimers Dement. 2018;14:367–429.
2. Allan LM, Ballard CG, Rowan EN, Kenny RA. Incidence and prediction of falls
in dementia: a prospective study in older people. PLoS One. 2009;4:e5521.
3. Zhao Y, Shen L, Ji H-F. Alzheimer’s disease and risk of hip fracture: a metaanalysis study. Sci World J. 2012;2012.
4. Dhanwal DK, Dennison EM, Harvey NC, Cooper C. Epidemiology of hip
fracture: worldwide geographic variation. Indian J Orthop. 2011;45:15–22.
5. Qureshi A, Gwyn Seymour D. Growing knowledge about hip fracture in
older people. Age Ageing. 2003;32:8–9.
6. Voeten SC, Krijnen P, Voeten DM, Hegeman JH, Wouters MWJM, Schipper IB.
Quality indicators for hip fracture care, a systematic review. Osteoporos Int.
2018;29:1963–85.
7. Möllers T, Stocker H, Wei W, Perna L, Brenner H. Length of hospital stay and
dementia: a systematic review of observational studies. Int J Geriatr
Psychiatry. 2019;34:8–21.
8. Mosk CA, Mus M, Vroemen JP, van der Ploeg T, Vos DI, Elmans LH, et al.
Dementia and delirium, the outcomes in elderly hip fracture patients. Clin
Interv Aging. 2017;12:421–30.
9. Scandol JP, Toson B, Close JCT. Fall-related hip fracture hospitalisations and
the prevalence of dementia within older people in New South Wales,
Australia: an analysis of linked data. Injury. 2013;44:776–83.
10. NHS Digital. Compendium - emergency readmissions to hospital within 28
days of discharge. UK; 2013. https://digital.nhs.uk/data-and-information/
publications/clinical-indicators/compendium-of-population-healthindicators/compendium-hospital-care/current/emergency-readmissions-tohospital-within-28-days-of-discharge. Accessed 17 Jan 2019.
11. Centers for Medicare & Medicaid Services. Hospital Readmissions Reduction
Program (HRRP). 2019. https://www.cms.gov/medicare/medicare-fee-forservice-payment/acuteinpatientpps/readmissions-reduction-program.html.
Accessed 17 Jan 2019.
12. Ali AM, Gibbons CER. Predictors of 30-day hospital readmission after hip
fracture: a systematic review. Injury. 2017;48:243–52.
13. Kates SL, Behrend C, Mendelson DA, Cram P, Friedman SM. Hospital
readmission after hip fracture. Arch Orthop Trauma Surg. 2015;135:329–37.
14. French DD, Bass E, Bradham DD, Campbell RR, Rubenstein ALZ.
Rehospitalization after hip fracture: predictors and prognosis from a national
veterans study. J Am Geriatr Soc. 2008;56:705–10.
15. Tolppanen AM, Taipale H, Koponen M, Lavikainen P, Tanskanen A, Tiihonen
J, et al. Cohort profile: the Finnish medication and Alzheimer’s disease
(MEDALZ) study. BMJ Open. 2016;6:012100.
16. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM.
Clinical diagnosis of Alzheimer’s disease. Neurology. 1984;34:939–44.
17. Guze SB. Diagnostic and statistical manual of mental disorders, 4th ed.
(DSM-IV). Am J Psychiatry. 1995;152:1228.
18. Sund R, Juntunen M, Lüthje P, Huusko T, Häkkinen U. Monitoring the
performance of hip fracture treatment in Finland. Ann Med. 2011;43:S39–46.
19. Tolppanen A-M, Taipale H, Tanskanen A, Tiihonen J, Hartikainen S.
Comparison of predictors of hip fracture and mortality after hip fracture in
community-dwellers with and without Alzheimer’s disease – exposurematched cohort study. BMC Geriatr. 2016;16:204.
20. Tolppanen A-M, Taipale H, Koponen M, Lavikainen P, Tanskanen A, Tiihonen
J, et al. Use of existing data sources in clinical epidemiology: Finnish health
care registers in Alzheimer’s disease research – the medication use among
persons with Alzheimer’s disease (MEDALZ-2005) study. Clin Epidemiol.
2013;5:277–85.
21. Statistics Finland. Classification of occupations 2010. https://www.stat.fi/
meta/luokitukset/ammatti/001-2010/index_en.html. Accessed 15 Nov 2018.
22. Huusko T, Karppi P, Avikainen V, Kautiainen H, Sulkava R. Significant changes
in the surgical methods and length of hospital stay of hip fracture patients
occurring over 10 years in Central Finland. Ann Chir Gynaecol. 1999;88:55–
60.
23. National Institute for Health and Welfare. PERFECT – PERFormance,
Effectiveness and Cost of Treatment episodes. 2017. http://thl.fi/fi/web/thlfi-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

en/research-and-expertwork/projects-and-programmes/perfectperformance-effectiveness-and-cost-of-treatment-episodes. Accessed 26 Oct
2018.
Finnish Medical Society Duodecim. Finnish Current Care Guidelines for Hip
Fracture. Duodecim. 2011. http://www.kaypahoito.fi/web/kh/suosit ukset/
suositus?id=hoi50040#NaN. Accessed 17 Mar 2019.
Lundström M, Edlund A, Karlsson S, Brännström B, Bucht G, Gustafson Y. A
multifactorial intervention program reduces the duration of delirium, length
of hospitalization, and mortality in delirious patients. J Am Geriatr Soc. 2005;
53:622–8.
Vidán M, Serra JA, Moreno C, Riquelme G, Ortiz J. Efficacy of a
comprehensive geriatric intervention in older patients hospitalized for hip
fracture: a randomized, Controlled Trial. J Am Geriatr Soc. 2005;53:1476–82.
Pajulammi H. Hip fracture Patient’s care and predictors of outcomes during
Orthogeriatic collaboration: a population based study. University of Turku;
2017. https://www.utupub.fi/bitstream/handle/10024/144073/Dissertation_
AnnalesD1315Hanna%20Pajulammi.pdf?sequence=5&isAllowed=y. Accessed
2 Apr 2019.
Chiu H-C, Chen C-M, Su T-Y, Chen C-H, Hsieh H-M, Hsieh C-P, et al.
Dementia predicted one-year mortality for patients with first hip fracture.
Bone Jt J. 2018;100-B:1220–6.
Nordström P, Gustafson Y, Michaëlsson K, Nordström A. Length of hospital
stay after hip fracture and short term risk of death after discharge: a total
cohort study in Sweden. BMJ. 2015;350:h696.
Allen J, Koziak A, Buddingh S, Liang J, Buckingham J, Beaupre LA.
Rehabilitation in patients with dementia following hip fracture: a systematic
review. Physiother Can. 2012;64:190–201.
Nordström P, Michaëlsson K, Hommel A, Norrman PO, Thorngren K-G,
Nordström A. Geriatric Rehabilitation and Discharge Location After Hip
Fracture in Relation to the Risks of Death and Readmission. J Am Med Dir
Assoc. 2016;17:91.e1–7.
Bentler SE, Liu L, Obrizan M, Cook EA, Wright KB, Geweke JF, et al. The
aftermath of hip fracture: discharge placement, functional status change,
and mortality. Am J Epidemiol. 2009;170:1290–9.
Vochteloo AJH, van Vliet-Koppert ST, Maier AB, Tuinebreijer WE, Röling ML,
de Vries MR, et al. Risk factors for failure to return to the pre-fracture place
of residence after hip fracture: a prospective longitudinal study of 444
patients. Arch Orthop Trauma Surg. 2012;132:823–30.
Sund R, Nurmi-Lüthje I, Lüthje P, Tanninen S, Narinen A, Keskimäki I.
Comparing properties of audit data and routinely collected register data in
case of performance assessment of hip fracture treatment in Finland.
Methods Inf Med. 2007;46:558–66.
Sund R. Quality of the Finnish hospital discharge register: a systematic
review. Scand J Public Health. 2012;40:505–15.
Solomon A, Ngandu T, Soininen H, Hallikainen MM, Kivipelto M, Laatikainen
T. Validity of dementia and Alzheimer’s disease diagnoses in Finnish
national registers. Alzheimers Dement. 2014;10:303–9.
Thygesen LC, Ersbøll AK. When the entire population is the sample:
strengths and limitations in register-based epidemiology. Eur J Epidemiol.
2014;29:551–8.
Abstracts of the 15th International Congress of the European Geriatric
Medicine Society. Eur Geriatr Med. 2019;10:1–325.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

