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Purpose: It remains uncertain how a history of stroke impacts the prognosis for patients with hip fracture. This study aimed to
evaluate mortality following hip fracture surgery by comparing patients with and without a history of stroke.
Patients and Methods: All patients aged 65 years or above in Denmark receiving hip fracture surgery between 2010 and 2018. For
every patient, 10 individuals from the general population without hip fracture were sampled. Comparators had a similar stroke history,
age, and sex on the date of hip fracture surgery (index date). We established four cohorts: hip fracture patients with/without stroke and
non-hip fracture patients with/without stroke. Outcomes were all-cause mortality at 0–30 days, 31–365 days and 1 to 5 years. Direct
standardized mortality rates (MR) with 95% confidence intervals (CI) were computed. We calculated the interaction contrast to
estimate excess absolute mortality among patients with both hip fracture and stroke. Through a Cox proportional hazards model, we
estimated the hazard ratio (HR) and the attributable proportion as a measure of excess relative mortality attributable to interaction.
Results: Of the hip fracture patients, 8433 had a stroke history and 44,997 did not. Of the non-hip fracture patients, 84,330 had
a stroke history and 449,962 did not. Corresponding 30-day MRs/100 person years were 148.4 (95% CI: 138.8–158.7), 124.3 (95% CI:
120.7–128.1), 14.3 (95% CI: 13.4–15.2) and 8.4 (95% CI: 8.1–8.7). The interaction contrast was 18.2 (95% CI: 7.5–28.8), and the
attributable proportion was 9.0% (95% CI: 2.9–15.1). No interaction was present beyond 30 days.
Conclusion: We observed excess short-term mortality in patients with stroke and hip fracture, but the effect disappeared at later
follow-up periods. Clinicians are encouraged to pay rigorous attention to early complications among hip fracture patients with stroke,
as this may serve as a way to reduce mortality.
Keywords: hip fracture, interaction, mortality, prognosis, stroke

Plain Language Summary
Stroke and hip fracture are common conditions among elderly individuals and thus, 15% of patients have a history of stroke at the time
of the accident causing a fractured hip. How this impacts the prognosis following hip fracture has been sparsely studied.

This project included all patients in Denmark above 65 years that was surgically treated for a hip fracture between 2010 and 2018.
All patients were classified according to stroke history (yes/no). For each patient, we identified 10 individuals from the background
population of same age, sex and stroke history but with no record of a hip fracture. Consequently, we obtained four groups: Hip
fracture patients with/without stroke and non-hip fracture patients with/without stroke.

We compared the mortality risk in these four groups and found that patients with both hip fracture and stroke had a 9% excess
mortality above what should be expected from the individual diseases. The excess mortality was only detectable during the early
postoperative phase of 0–30 days, indicating that acute postoperative complications may be the explanation for the increase.

These results indicate that extra awareness of short-term complications in patients with hip fracture and stroke may be beneficial.
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Introduction
Hip fracture and stroke are two of the most debilitating conditions among older people. Mortality is high – approximately
30% for both conditions within the first year1,2 and survivors experience increased disability.3,4 Stroke survivors have
a 1.4 to 2 times elevated risk of sustaining a hip fracture due to impaired mobility and a high prevalence of
osteoporosis.5–8 The highest risk is found among the most disabled patients and in those with recent stroke.9

Consequently, around 15% of patients with hip fracture have a history of stroke.10 Despite this knowledge, a previous
report showed that stroke survivors were infrequently screened and treated for osteoporosis.11

Patients with previous stroke and affected physical or cognitive function would be expected to have increased
mortality following hip fracture due to a higher risk of postoperative complications.12 Furthermore, hip fracture patients
with stroke history may benefit less from rehabilitation,13 resulting in increased chronic disability following hip fracture,
thereby increasing the risk of a poor long-term outcome, including higher mortality. However, only a few studies have
examined how stroke history affects prognosis among patients with fracture5,13–16 and results are diverging. The existing
studies are constrained by small and selected populations,5,13,14,16 short follow-up duration,15 or lack of adjustment for
potential confounders.5,13,15,16 Thus, it remains to be established if hip fracture patients with stroke history have
increased mortality during short and/or long-term follow-up. Furthermore, an investigation of whether stroke and hip
fracture interact to increase mortality above the effect of each individual disease on mortality would provide important
knowledge regarding possible areas accessible for intervention.

The aim of this study was to examine the interaction effect between stroke and hip fracture on mortality 30 days, 1-
and 5 years following hip fracture surgery. To do so, we investigated mortality in four cohorts: Patients with hip fracture
with/without previous stroke and non-hip fracture patients with/without previous stroke.

Patients and Methods
Design and Setting
We conducted a matched cohort study, using nationwide Danish medical registries. The Danish hospital system is 100%
government funded, guaranteeing free and equal access to healthcare for all individuals.17

Data Sources
The Civil Registration System18 holds information on migrant and vital status, and provides a unique 10-digit identifier
(CPR-number) for each person. The CPR number encodes date of birth and sex and allow for accurate individual-level
linkage of registries.

The Danish Multidisciplinary Hip Fracture registry19 was used to identify patients with hip fracture. This clinical
quality registry includes all surgically treated patients with hip fracture above age 65.

The Danish National Patient Registry20 was consulted for identifying patients’ history of stroke and other comorbid-
ities. All hospital contacts are recorded in this registry, primary and secondary diagnoses are coded using the
International Classification of Diseases, 10th revision (ICD-10).

The Danish Stroke Registry21 holds key information on all adults admitted to Danish hospitals with acute stroke since
2003.

The Danish National Prescription Registry22 was accessed to obtain information on prescription medicine for all
individuals. The registry records all dispensings by community pharmacies, using the Anatomical Therapeutic Chemical
classification codes (ATC-codes).

Selection of Patients for Hip Fracture and Comparison Cohorts
Patients undergoing surgery due to a first-time hip fracture between January 1st 2010 and December 31st 2018 were
initially identified in the Danish Multidisciplinary Hip Fracture Registry. Patients were excluded if the time from
admission to surgery was more than 72 hours, as this was considered a possible erroneous registration.

We sampled a comparison cohort of 10 individuals per hip fracture patient from a 2% random sample of the general
population. These individuals were matched on age (+/- one month), sex, and history of stroke (lookback period 15 years,
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see Supplementary Table 1 and Supplementary Figure 1). Individuals were eligible for matching if they were alive and
without a hip fracture diagnosis on the day of hip fracture operation (index date) of their matched case. Thus, we obtained
four cohorts: hip fracture patients with/without stroke history and non-hip fracture patients with/without stroke history.
Matching was done with replacement as this has proven to be the most robust method when persons were at a high risk of
the outcome.23 Eight patients with hip fracture and high age (≥100 years) were excluded because no eligible matches
were found.

Outcome
All-cause mortality was recorded from the Civil Registration System. The vital status is updated daily, enabling a precise
date of death to be deducted. Follow-up was divided into three periods reflecting short, intermediate and long-term
prognosis: 0–30 days, 31–365 days and 1–5 years.

Covariates
Diagnoses of comorbid diseases prior to index date were found in the National Patient Registry. To obtain a uniform
measure of comorbidity, we used the Charlson Comorbidity Index (CCI) score.24 Because entry into two of the cohorts in
this study was dependent on a stroke diagnosis, we modified the CCI score by excluding the variable “cerebrovascular
disease” in the calculation. Comorbidity burden was classified using the modified CCI score categorized into low (CCI
score = 0), moderate (CCI score = 1–2), or severe (CCI score = 3+).

The use of the following, frequently used, types of medication was included: antithrombotics, oral anticoagulants,
lipid lowering drugs, antihypertensives, antidiabetics, antipsychotics, and antidepressants. As we wanted an indication of
drug use at index date, we approximated current users as patients with at least one prescription redeemed within three
months from index date. Furthermore, we included use of osteoporosis medication one year from index date as a baseline
variable to obtain an indication of current osteoporosis treatment at baseline.

Stroke subtype was identified based on the ICD-10 code (hemorrhagic or ischemic), whereas stroke severity was
obtained from the Danish Stroke registry, which records the Scandinavian Stroke Scale score25 on admission. Data were
available for approximately 50% of stroke patients with equal distribution between the groups. Missing records were
mainly related to strokes occurring before the time of routine registration. Patients were categorized into severe (≤29
points), moderate (30–44 points), or mild (≥45 points) stroke.

Statistical Analysis
Age, sex, comorbidity, medication use, and year of surgery/index date were tabulated across the four cohorts (hip fracture
patients with/without stroke and non-hip fracture patients with/without stroke).

The cohorts were followed from the index date until a registration of mortality in the CRS, emigration or end of
follow-up (five years after index date or end of study period (December 31st 2018)).

Measures of Association
Direct standardized mortality rates (MRs) per 100 person years (PYs) with 95% confidence intervals (CIs) were
calculated. Standardization was performed using age, sex, and CCI score categories – both in the overall and in the
stratified analyses (except for the variable that was stratified on).

A Cox proportional hazards regression analysis was performed to obtain a relative measure of association, the hazard
ratio (HR) with 95% CIs. Analyses were adjusted for age (continuous), sex and CCI-score (continuous). The proportion-
ality assumption was tested through log–log curves and found to be satisfactory.

Measures of Interaction
It is recommended to report interactions on both the absolute and on the relative scale.26 On the absolute scale, the
interaction effect was calculated using the interaction contrast (IC).27 The IC denotes the MR among patients with hip
fracture and previous stroke that exceeds the expected MR based on addition from the three other cohorts (note that the
MRnon hip fracture – stroke is a part of the MR in the other cohorts and is therefore subtracted):
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IC ¼ MRHip fractureþstroke � ðMRnon hip fractureþstroke þMRHip fracture� stroke � MRnon hip fracture� strokeÞ

To obtain a measure of interaction on the relative scale, we estimated the attributable proportion of the HR to the
interaction between stroke and hip fracture. This can be viewed as a theoretical indication of how much the HR could be
reduced if hip fracture patients were completely free from stroke.28

Sensitivity Analyses
We performed four sensitivity analyses:

To obtain information on whether the severity of the stroke affected our results, we repeated the analysis across strata
of stroke severity.

Since the timing of the stroke before hip fracture might impact results, especially if stroke rehabilitation is incomplete
and the level of function has not yet stabilized, we stratified patients in the two stroke cohorts based on time from stroke
(less than 6 months or not) to index date.

As different stroke types might impact prognosis differently, we stratified the stroke cohorts according to whether
strokes were classified as ischemic or hemorrhagic.

As a cerebrovascular event is likely to affect pharmacological treatment of the patient, we primarily observed
medication use as a mediator of the association we were investigating. However, as some medications could also
possibly confound the association, we repeated the analyses with baseline medication use included in the model as
covariates.

The study is reported according to the REporting of Studies Conducted Using Observational Routinely-Collected
Data (RECORD) guidelines.29 All analyses were performed on the remote servers of Statistics Denmark using R version
4.0.2 (R Foundation for Statistical Computing).

Results
We included 53,430 patients with hip fracture, of which 8433 patients had a history of stroke (15.8%) and 534,292
individuals in the cohorts without hip fracture, including 84,330 with stroke. When matching was done with replacement,
an individual from the general population was eligible for selection several times. Consequently, the comparison cohorts
consisted of 348,077 unique individuals.

The age distributions were comparable between the four groups (Table 1). Patients with hip fracture and stroke were
most comorbid, followed by non-hip fracture patients with stroke, hip fracture patients without stroke and finally, non-hip
fracture patients without stroke. Osteoporosis medication was used by 9.5–13% of patients depending on the cohort,
slightly more frequent by patients with hip fracture, and slightly less frequent by stroke patients. Cross-tabulation of
individual comorbidities in the CCI score can be found in Supplementary Table 2.

Mortality, Overall Cohorts
At 0–30-day follow-up, the MRs were markedly higher in the two hip fracture cohorts. Also, in both hip fracture and
non-hip fracture patients, stroke further increased the MR from 8.4/100 PYs (95% CI: 8.1–8.7) to 14.3/100 PYs (95% CI:
13.4–15.2) in the non-hip fracture cohort and from 124.3/100 PYs (95% CI: 120.7–128.1) to 148.4/100 PYs (95% CI:
138.8–158.7) in the hip fracture cohort. See also Table 2 and Figure 1. Based on the absolute risks, we found an IC of
18.2/100 PYs, indicating an excess mortality among hip fracture patients with a history of stroke.

In the adjusted Cox proportional hazards analysis (Figure 2), using patients without hip fracture and without
stroke as reference, we found the same pattern as for the absolute risks. We observed HRs of 1.7 (95% CI: 1.6–1.8) in
the non-hip fracture cohort with stroke, 15.1 (95% CI: 14.4–15.8) in the hip fracture cohort without stroke, and 17.3
(95% CI: 16.1–18.6) in the hip fracture cohort with stroke. From the relative estimates, the AP was 9.0% (95% CI
2.9–15.1).

For later follow-up times (31–365 days and 1–5 years) the same pattern was observed with stepwise increase in MRs
and HRs in the non-hip fracture cohort with stroke and further increase in hip fracture cohort without stroke and highest
mortality in the hip fracture cohort with stroke. The excess mortality was not as profound as observed for the short
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follow-up, and we found no interaction, as indicated by an IC and AP around zero (Supplementary Tables 3, 4 and
Supplementary Figures 2, 3).

Mortality, Stratified on CCI Score and Age
After stratifying the analysis according to CCI score categories, we found augmented 0–30-day MRs in all cohorts as the
level of comorbidity increased (Table 2). In the Cox proportional hazards analysis, we observed decreasing HRs with
increasing comorbidity, reflecting that the relative increase in mortality due to stroke and hip fracture was lower, when
other comorbidities were present (Figure 2). Generally, the same pattern as described above was present between the
cohorts in each stratum. The interaction was highest when no other comorbidities were present in the cohorts (CCI score

Table 1 Patient Characteristics at Index Date

Patient Characteristics,
n (%)

Patients with Stroke Patients without Stroke

Hip Fracture
(N = 8433)

Non-Hip Fracture
(N = 84,330)

Hip Fracture
(N = 44,997)

Non-Hip Fracture
(N = 449,962)

Sex

Female 5147 (61.03) 51,470 (61.03) 32,133 (71.41) 321,322 (71.41)

Male 3286 (38.97) 32,860 (38.97) 12,864 (28.59) 128,640 (28.59)

Age in years

Median (IQR) 83.04 (76.58;88.36) 83.03 (76.56;88.37) 83.26 (76.43;88.80) 83.27 (76.43;88.80)

65–75 1724 (20.44) 17,234 (20.44) 9506 (21.13) 95,045 (21.12)

75–85 3270 (38.78) 32,740 (38.82) 16,356 (36.35) 163,532 (36.34)
85–95 3089 (36.63) 30,848 (36.58) 16,811 (37.36) 168,110 (37.36)

>95 350 (4.15) 3508 (4.16) 2324 (5.16) 23,275 (5.17)

Charlson comorbidity index score

Mean score (sd) 1.53 (1.71) 1.25 (1.57) 1.20 (1.60) 0.85 (1.33)
0 3055 (36.23) 37,487 (44.45) 21,094 (46.88) 265,693 (59.05)

1 1944 (23.05) 17,423 (20.66) 9371 (20.83) 73,210 (16.27)

2 1513 (17.94) 14,660 (17.38) 7208 (16.02) 66,054 (14.68)
3+ 1921 (22.78) 14,760 (17.50) 7324 (16.28) 45,005 (10.00)

Use of selected medications*

Oral anticoagualants 1286 (15.25) 13,627 (16.16) 3857 (8.57) 39,237 (8.72)
Platelet inhibitors 4925 (58.40) 50,548 (59.94) 11,764 (26.14) 109,757 (24.39)

Lipid lowering agents 3529 (41.85) 38,669 (45.85) 8640 (19.20) 98,698 (21.93)

Antihypertensives 5364 (63.61) 56,555 (67.06) 23,594 (52.43) 250,930 (55.77)
Non-insulin antidiabetics 696 (8.25) 8334 (9.88) 3137 (6.97) 32,500 (7.22)

Insulin 404 (4.79) 3288 (3.90) 1432 (3.18) 9706 (2.16)

Antidepressants 2841 (33.69) 19,866 (23.56) 10,922 (24.27) 57,624 (12.81)
Antipsychotics 608 (7.21) 3295 (3.91) 3000 (6.67) 12,312 (2.74)

Osteoporosis medication 921 (10.92) 8041 (9.54) 5877 (13.06) 45,336 (10.08)

Calendar year of operation/Index date

2010–2012 2914 (34.55) 29,140 (34.55) 15,788 (35.09) 157,872 (35.09)
2013–2015 2743 (32.53) 27,430 (32.53) 15,323 (34.05) 153,230 (34.05)

2016–2018 2776 (32.92) 27,760 (32.92) 13,886 (30.86) 138,860 (30.86)

Note: *Look back period for medication use: 90 days, osteoporosis medication: 365 days.
Abbreviations: IQR, inner quartile range; SD, standard deviation.
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Table 2 0–30-Day Mortality in the Four Cohorts: Risks, Rates and Interaction Contrast (IC). Overall and Stratified on Comorbidity
and Age

Events,
N

Person
Years

Cumulative
Incidence, % (95%

CI)

Standardized MR/100
Person Years (95% CI)

IC (95% CI)

Comparison cohort without stroke 3080 36,833.5 0.7 (0.7–0.7) 8.4 (8.1–8.7) NA
Comparison cohort with stroke 1081 6881.5 1.3 (1.2–1.4) 14.3 (13.4–15.2) NA

Hip fracture cohort without stroke 4534 3473.5 10.1 (9.8–10.4) 124.3 (120.7–128.1) NA

Hip fracture cohort with stroke 1054 640.9 12.5 (11.8–13.2) 148.4 (138.8–158.7) 18.2 (7.5–28.8)

Stratified on CCI groups

CCI 0

Comparison cohort without stroke 913 21,787.1 0.3 (0.3–0.4) 4.4 (4.2–4.7) NA

Comparison cohort with stroke 296 3066.7 0.8 (0.7–0.9) 10.2 (9.1–11.4) NA

Hip fracture cohort without stroke 1452 1663.3 6.9 (6.5–7.2) 86.8 (82.4–91.4) NA
Hip fracture cohort with stroke 292 236.8 9.6 (8.5–10.6) 124.6 (111.1–139.7) 32 (17–47.1)

CCI 1–2

Comparison cohort without stroke 1271 11,387.0 0.9 (0.9–1) 10.4 (9.8–10.9) NA

Comparison cohort with stroke 447 2616.6 1.4 (1.3–1.5) 17.2 (15.7–18.9) NA
Hip fracture cohort without stroke 1866 1269.3 11.3 (10.8–11.7) 148.3 (141.7–155.2) NA

Hip fracture cohort with stroke 428 263.2 12.4 (11.3–13.5) 168.1 (152.8–184.9) 12.9 (−4.6–30.4)

CCI 3+

Comparison cohort without stroke 896 3659.4 2 (1.9–2.1) 23.5 (21.9–25.1) NA
Comparison cohort with stroke 338 1198.2 2.3 (2.1–2.5) 28.6 (25.7–31.8) NA

Hip fracture cohort without stroke 1216 540.9 16.6 (15.8–17.5) 238.7 (225.4–252.8) NA

Hip fracture cohort with stroke 334 141.0 17.4 (15.7–19.1) 256.6 (229.6–286.7) 12.7 (−19.1–44.5)

Stratified on age groups

Age 65–75

Comparison cohort without stroke 129 7801.0 0.1 (0.1–0.2) 2.5 (2.1–3) NA
Comparison cohort with stroke 72 1412.7 0.4 (0.3–0.5) 4.6 (3.6–5.8) NA

Hip fracture cohort without stroke 373 762.3 3.9 (3.5–4.3) 42.7 (38.5–47.3) NA

Hip fracture cohort with stroke 81 137.8 4.7 (3.8–5.8) 46.6 (36.4–59.7) 1.9 (−10.5–14.2)

Age 75–85

Comparison cohort without stroke 616 13,407.5 0.4 (0.3–0.4) 4.9 (4.5–5.3) NA

Comparison cohort with stroke 289 2676.7 0.9 (0.8–1) 9.6 (8.5–10.8) NA

Hip fracture cohort without stroke 1176 1286.3 7.2 (6.8–7.6) 79.6 (75–84.4) NA
Hip fracture cohort with stroke 319 253.3 9.8 (8.8–10.8) 109.5 (96.9–123.9) 25.3 (11–39.6)

Age 85–95

Comparison cohort without stroke 1771 13,735.2 1.1 (1–1.1) 12.8 (12.2–13.4) NA
Comparison cohort with stroke 589 2509.5 1.9 (1.8–2.1) 21.3 (19.6–23.2) NA

Hip fracture cohort without stroke 2420 1263.0 14.4 (13.9–14.9) 184.7 (177.4–192.3) NA

Hip fracture cohort with stroke 559 225.8 18.1 (16.8–19.5) 227.9 (208.6–248.9) 34.7 (13.2–56.2)

Age 95+

Comparison cohort without stroke 564 1889.9 2.4 (2.2–2.6) 30.7 (28.2–33.3) NA

Comparison cohort with stroke 131 282.6 3.7 (3.1–4.4) 44.4 (37.3–52.9) NA

Hip fracture cohort without stroke 565 161.9 24.3 (22.6–26.1) 350.3 (322.4–380.7) NA
Hip fracture cohort with stroke 95 24.0 27.1 (22.6–31.9) 389.1 (315.7–479.6) 25 (−61.7–111.8)
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0: IC = 32.0/100 PYs (95% CI: 17.0–47.1), AP = 23.5% (95% CI: 13.9–33.1)), whereas the interaction faded in strata
with higher comorbidity.

Stratification on age categories also showed increasing MRs by higher age in all cohorts (Table 2). On the relative
scale, the HRs decreased slightly for each increase in age category (Figure 2). We found a positive interaction in the 75–
85-year stratum and in the 85–95-year stratum (IC = 25.3/100 PYs (95% CI: 11.0–39.6) and 34.7/100 PYs (95% CI:
13.2–56.2), AP = 11% (95% CI: 0.0–22.0) and 10% (95% CI: 1.7–18.3)).

The stratified results for the later follow-up periods generally show the same consistency.

Sensitivity Analyses
1) When stratifying on severity of stroke, the excess mortality for patients with hip fracture and stroke was most evident
among patients with high stroke severity. Patients with hip fracture and mild stroke had comparable MRs as patients with
hip fracture-only. Both IC and AP estimates were close to zero and showed considerable uncertainty in the estimates
(data not shown).

2) Patients with stroke within six months from hip fracture had higher excess mortality than patients with stroke more
than six months from hip fracture: Standardized MR among hip fracture with stroke: 173.5/100 PY (95% CI: 147.7–
203.9) for recent stroke, 148.1/100 PY (95% CI: 137.3–159.8) for not-recent stroke. The IC and AP estimates were
imprecise (data not shown).

3) 9344 patients (10.1%) had an intracerebral bleeding as their latest stroke event with equal distribution between the
two stroke cohorts. We observed no difference between mortality – nor on interaction estimates based on the type of
stroke (data not shown).

4) Baseline medication use is presented in Table 1 and described above. Including medication use as covariates in the
Cox model (each type of medication as an independent variable) did not alter the results (data not shown).

Discussion
This study shows an interaction effect between stroke and hip fracture on the risk of 0–30-day mortality of 18.2 events
per 100 PYs – more than double the mortality rate in the comparison cohort of patients without neither stroke nor hip
fracture. No interaction was present at later follow-up times, indicating that short-term complications following hip
fracture may be the reason for the excess mortality. The interaction was most pronounced among patients with no other
comorbidities and patients aged 75–95 years.

Non-hip fracture cohort 
without stroke

Non-hip fracture cohort 
with stroke

Hip fracture cohort 
without stroke

Hip fracture cohort 
with stroke

0 50 100 150
Standardized mortality rate/100 person years

Mortality due to: Interaction Stroke Hip fracture Background

Figure 1 0–30 day standardized mortality rate in the four cohorts: Hip fracture with/without stroke and non-hip fracture with/without stroke.
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Surprisingly, only 10.9% of patients with stroke had received osteoporosis treatment in the year prior to hip fracture.
Combining the numerous reports of increased hip fracture risk among patients with stroke,7,30 with our results indicating
a substantially increased risk of mortality in patients with stroke and hip fracture, makes the low prevalence of
osteoporosis treatment even more alarming. Even though post-stroke osteoporosis is mentioned as a concern in current
clinical guidelines for stroke management,31 more attention to screening for osteoporosis and consideration of anti-
resorptive treatment appears to be warranted during stroke rehabilitation.32,33

Based on the sensitivity analyses, our results indicate the excess mortality among hip fracture patients with stroke to
be more pronounced if the stroke is of higher severity and if it has occurred within 6 months. These patients have
previously been highlighted as the group with the highest risk of sustaining a hip fracture,9 emphasizing the importance
of clinical attention on preventing falls and fractures in these subgroups of patients.

This is the first study to investigate in detail the impact of stroke history on mortality in patients with hip fracture. Previous
studies with follow-up of 6 months13 or one year14,16 have found no difference. At least two of these studies are clearly
underpowered (N = 862; 63 with stroke history,14 N = 548; 77 with stroke history16) with estimates pointing towards an
association with increased mortality similar to the present findings. The third study13 included patients from 1987 to 2001; both
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hip fracture and stroke care have changed substantially since then. Other studies have found an increased risk of postoperative
complications among hip fracture patients with previous stroke,15 and among stroke patients and hip fracture patients in
general.12,34 Patients with stroke have a higher prevalence of poor prognostic factors, including cognitive deficits (including
risk of postoperative delirium), nutritional problems and poor mobility. These factors all contribute to the observed effect of
increased mortality and thus, they should be considered as mediators of the effect (Supplementary Figure 4). Considering such
factors, it seems reasonable to expect hip fracture patients with stroke to be more susceptible to complications, such as
cardiovascular events and infections – especially pneumonia. Early postoperative complications may explain the increased
mortality and the interaction effect found in this study. The interaction effect was most pronounced in patients with no other
comorbidities than stroke, whereas the effect was increasingly diluted in the presence of other comorbidities. The role of age was
less clear; an interaction effect was observed in the two middle age categories only, but estimates were imprecise for the oldest
category. Possibly, the results could be due to the increased frailty that inherently comeswith age, although interpretations should
be made with caution. Surprisingly, we observed no interaction effect on the later follow-up periods of 31–365 days and 1–5
years. Contrary to our hypothesis, it appears that stroke is insufficient to impact long-term mortality with an interaction effect.

Methodological Considerations
This nationwide cohort study included all patients receiving surgical treatment for their hip fracture in Denmark. This setup
practically eliminates selection bias; hospital treatment is free for all and acute stroke and hip fracture care is exclusively
carried out in public hospitals. Both stroke and hip fracture diagnosis codes have been validated, showing highly positive
predictive values.35,36 Similarly, the codes used in the CCI have been validated satisfactorily.36 Although information about
the severity of the included comorbidities as well as conditions treated exclusively by general practitioners were not
available, we find no reason to believe that this should be unevenly distributed across the cohorts. Consequently, it would
only introduce a bias towards the null. Similarly, patients may have had other injuries and fractures simultaneously with the
hip fracture. It is, however, a relatively rare situation, and we have no reason to believe that this should affect our estimates or
be unevenly distributed in the cohorts. We did not have information on delirium, nutritional problems, dysphagia, poor
mobility, or low functional level. These factors are likely more prevalent among patients with stroke and a part of the causal
pathway between stroke and increased mortality. Consequently, they are mediators in the association – not confounders (see
Supplementary Figure 4). Although it would be interesting to analyze the contribution of these factors on mortality, we were
not able to do this with the data available. Likewise, we considered baseline medication use as a mediator rather than
a confounder of the association. We did, however, also perform an extra adjustment for baseline medication use in
a sensitivity analysis to accommodate the fact that some medications might be confounders more than mediators – but
this did not alter the results. Body mass index (BMI) and atrial fibrillation are other potential confounders of the observed
association between stroke, hip fracture and mortality. We have previously observed that the absolute mortality risk is higher
among patients with AF,37 although it is a relatively weak independent predictor when other confounders are considered
simultaneously.38 The latter study also showed that high BMI is protective of mortality among patients with hip fracture,38

whereas increasing BMI is related to increased stroke risk. Thus, the associations point in opposite directions. In conclusion,
it seems unlikely that BMI or atrial fibrillation would confound the observed association strongly.

Conclusion
In conclusion, we observed an interaction effect of stroke and hip fracture on 0–30-day mortality, but the effect had
disappeared at later follow-up periods. Clinicians are encouraged to pay rigorous attention to early complications among
hip fracture patients with stroke, as this may serve as a way to reduce the excess short-term mortality. Furthermore, the
low prevalence of osteoporosis prophylaxis among stroke survivors indicates room for improvement, with the potential to
reduce hip fracture incidence.

Data Sharing Statement
To protect the privacy of patients, individual-level data are not allowed to be publicly disclosed. The statistical code can
be made available upon reasonable request.
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