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Purpose: Infection in general is a frequent and serious complication after hip fracture (HF) surgery. Multimorbidity in HF patients is
associated with elevated infection risk. It remains unclear whether multimorbidity interacts with HF surgery to increase infection risk
beyond their individual effects.

Methods: Using Danish registries, we identified 92,599 patients >65 years surgically treated for HF 2004 to 2018 and an age- and
sex-matched comparison cohort from the background population without HF (n=462,993). Multimorbidity was defined using the
Charlson Comorbidity Index in categories no, moderate, or severe. We computed incidence rates (IR) of any kind of hospital-treated
infection within 1 month and 1 year with 95% confidence intervals and estimated the attributable proportion (in %) based on
differences in IRs.

Results: The IR of infection within 1 month was 181 (176—186) per 100 person years in HF patients with no multimorbidity and 9
(95% CI 8-9) in the comparison cohort with no multimorbidity. The IRs were 240 (234-246) and 302 (291-313) in HF patients with
moderate and severe multimorbidity compared with 17 (16—18) and 31 (30-33) in the comparison cohort with same multimorbidity
level. The attributable proportion indicates that 21% and 33% of the IR among HF patients with moderate and severe multimorbidity,
respectively, was explained by interaction. Similar interactions were observed within 1 year.

Conclusion: Multimorbidity and HF surgery interact synergistically, which substantially increases the infection risk. The interaction
effect increased with multimorbidity level. Our findings highlight the potential benefits of implementing more targeted and persona-
lized preventive initiatives for multimorbid patients.
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Introduction

Hip fracture is a major public health concern worldwide.! According to SCOPE 2021 (ScoreCard for Osteoporosis in
Europe) there were more than 826,000 hip fractures in Europe in 2019, and Denmark has one of the highest incidences of
hip fracture.” For the population aged 65 years or older, hip fracture is the dominant cause of trauma-related deaths and
50% of survivors never reach their previous functional level.>* Almost 10% of the patients die within the first month,
while one-year cumulated mortality ranges from 11.8% to 52.1% depending on patient characteristics including
multimorbidity.>® Prevalence of multimorbidity among hip fracture patients has been increasing and today more than
50% of hip fracture patients live with at least one chronic disease.”” Multimorbidity is a risk factor for both hip fracture
and subsequent mortality and for infection after hip fracture surgery.”’
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Infection, such as pneumonia and urinary tract infection, is a common complication after hip fracture surgery.
Approximately 15% of Danish hip fracture patients sustain an infection within the first 30 days after surgery and 30-
day mortality is 2-fold higher in hip fracture patients who develop infection compared to patients without.* Pneumonia
is the second leading cause of death among hip fracture patients.'® Multimorbidity interacts with hip fracture surgery to
increase the risk of mortality and complications such as venous thromboembolism, stroke, and myocardial infarction
beyond the independent effects of hip fracture surgery and multimorbidity.'"'*!?

However, it remains unclear whether there is a synergistic effect between multimorbidity and hip fracture surgery that
increases the risk of infection more than what is explained by their additive effects. This knowledge would contribute to
identifying subgroups of hip fracture patients that are particularly prone to sustaining an infection and thereby find areas
for intervention to reduce the risk of infection and mortality. Therefore, we investigated the interaction effect between
multimorbidity and hip fracture surgery on infection incidence within 1 month and 1 year of surgery comparing hip
fracture patients and individuals from the background population with and without multimorbidity.

Methods
Design and Setting

In this matched population-based cohort study we used prospectively collected data from Danish nationwide medical
databases. Denmark is a welfare state with 5.9 million residents and tax-supported healthcare offering free access to
healthcare services including general practice and hospitals for all Danish residents.'*

Data Sources
All Danish residents are assigned a unique 10-digit identifier at birth or immigration, which enables individual level
linkage of data between multiple databases.

The Danish Civil Registration System holds data on date of birth, date of death, sex, and migration status since 1968."

The Danish Multidisciplinary Hip Fracture Registry (hip fracture registry) was implemented in 2003 with the aim to
monitor and improve quality of in-hospital treatment of patients 65 years of age or older undergoing hip fracture surgery.”
Patients and their clinical data are included through discharge diagnosis codes (S72) and surgery codes (NFJ and NFB)
recorded during the same hospitalization.

The Danish National Patient Registry (patient registry) holds data on all somatic hospital admissions to Danish
hospitals since 1977 and outpatient clinic visits since 1995.'® Discharge diagnoses are coded using the International
Classification of Disease 10" revision (ICD-10).

Hip Fracture Cohort and Comparison Cohort
A hip fracture cohort of all patients undergoing surgery due to a first-time unilateral hip fracture in the period from 2004
to 2018 was identified in the hip fracture registry.

A comparison cohort from the general population without hip fracture was identified in the Civil Registration System and the
hip fracture registry to calculate background risk of infection. For each hip fracture patient, 5 comparators were randomly
sampled with replacement. Thus, an individual sampled as comparator could serve as a match for more than one hip fracture
patient. Index date for comparators was the surgery date of the hip fracture patient whom they were matched to. Comparators
were matched on age, sex, being alive and hip fracture-free on index date, meaning they could be included in the hip fracture
cohort in the future. In total, 333,012 individuals were sampled as comparators, of whom 242,935 served as comparators only
once. The remaining comparators were sampled more than ones and 120 hip fracture patients had the same comparator matched
to them more than once. Less than five individuals were excluded from both cohorts because no eligible match was found or
because of incorrect registration of infection or date of death, resulting in a hip fracture cohort of 92,599 patients and

a comparison cohort of 462,993 individuals.
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Multimorbidity

The exposure was multimorbidity level defined using the Charlson Comorbidity Index (CCI) which includes 19 defined
chronic somatic comorbid diseases.'”'® Information on hospital diagnoses of these diseases was collected from the
patient registry during the 10 years prior to index date. All individuals were categorized by multimorbidity level into
groups of no (CCI score = 0), moderate (CCI score = 1-2), or severe (CCI score = > 3) multimorbidity.

Infection
The outcome of hospital-treated infection was identified through primary and secondary discharge diagnoses as recorded
in the patient registry, including all hospital admissions, outpatient clinic visits, and emergency room visits.

Variables

Age, sex, and vital status were obtained from the Civil Registration System. Information on year of surgery was
obtained from the hip fracture registry. Diagnosis codes used for definition of multimorbidity and infection are
provided in Table S1 and Table S2.

Statistical Analysis

Descriptive statistics of the hip fracture cohort and the comparison cohort were tabulated overall and by multimorbidity
level. Hip fracture patients and comparators were followed for outcome of any hospital-treated infection from index date
until end of follow-up period (0-30 days or 0-365 days), death, emigration, or end of study (December 31%, 2018),
whichever came first.

Both cohorts were divided into three multimorbidity levels. Thus, we had three hip fracture sub-cohorts with no,
moderate, and severe multimorbidity and three comparison sub-cohorts with no, moderate, and severe multimorbidity.

We calculated incidence rates per 100 person years with 95% confidence intervals (CI), both crude and standardized
by sex, age in 5-year intervals, and index year in 5-year intervals, overall and for all six sub-cohorts.

Multivariate Cox regression was used to compute hazard ratios (HR) with 95% CI adjusting for age, sex, and
index year. Two Cox regression analyses were conducted:

1) Comparing the hip fracture cohort to the comparison cohort overall and within multimorbidity sub-cohorts. Thus,
comparing hip fracture patients with no, moderate and severe multimorbidity respectively to comparators with the same
levels of multimorbidity.

2) Using the comparison cohort with no hip fracture and no multimorbidity as a reference, we computed HRs for the
five other sub-cohorts (comparison cohort with moderate and severe multimorbidity and hip fracture cohort with no,
moderate and severe multimorbidity).

Assumption of proportionality in the Cox models was checked visually using log(-log) plots and found acceptable.

To examine the presence of interaction between hip fracture surgery and multimorbidity on the risk of infection both
on absolute and relative scale, two different interaction measures were calculated.

As a measure of interaction on absolute scale, the interaction contrast was calculated based on differences in
incidence rates. The interaction contrast denotes the excess incidence rate of infection among hip fracture patients
with multimorbidity that is left when subtracting incidence rates attributed to background risk, to hip fracture surgery and
to multimorbidity. Thus, the interaction contrast is the absolute excess risk that is attributed to the interaction itself.

Interaction contrast = IRhipfructure with multimorbidity — ]Rcomparisun without multimorbidity
- IRhipﬁ'acture without multimorbidity — IRcumparison without multimorbidity
- IRcomparison with multimorbidity — Imeparisan without multimorbidity)

Since the interaction contrast is an incidence rate, which is not intuitively interpreted clinically, the interaction contrast is
transformed to an attributable proportion to present the percentages of infections explained by the interaction effect
between hip fracture surgery and multimorbidity. This is done by dividing the interaction contrast by the incidence rate of
infection for the group “hip fracture patients with multimorbidity”.
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Attributable fraction = (HRhip fracture with multimorbidity — HRhip fracture without multimorbidity

_HRcomparison with multimorbidity + 1)/HRhipfracture with multimorbidity

As a measure of interaction on relative scale, the attributable fraction (in %) was calculated based on HRs.'*® The
attributable fraction can be interpreted as a theoretical estimation of how much the HR could be reduced if the interaction
between hip fracture and multimorbidity was not present. Thus, the attributable fraction is the relative excess risk that is
attributable to the interaction itself.

All analyses were performed for the follow-up period of 1 month (0-30 days) and 1 year (0-365 days).

The analysis was performed using R software (version 4.2.2).

The reporting of this study follows the Reporting of studies Conducted with Observational Routinely collected Data
(RECORD) guidelines.”!

Results

Characteristics of the Cohorts
The median age was 83 years in both the hip fracture and comparison cohort but varied from 82 to 85 years in the two
cohorts when stratified by multimorbidity level. Equal distributions of age, sex and index year showed that matching was
done successfully. In the hip fracture cohort, 40% were categorized with no multimorbidity, 40% with moderate
multimorbidity and 19% with severe multimorbidity. In the comparison cohort, 48% were categorized with no, 37%
with moderate, and 15% with severe multimorbidity.

Further characteristics are provided in Table 1 and Table S3.

Infection Risk and Interaction Within | Month
The overall incidence rate within 1 month was 223.8 (220.1-227.5) per 100 person years in the hip fracture cohort, which
is roughly 14 times higher than in the comparison cohort (Table 2). This matches the corresponding overall adjusted HR

Table | Characteristics of Hip Fracture Cohort and Comparison Cohort, Total and by Multimorbidity Level Defined by the
Charlson Comorbidity Index

Characteristics, n(%) Hip Fracture Cohort Comparison Cohort
Multimorbidity Level

All No Moderate Severe All No Moderate Severe
All 92,599 (100%) | 37,345 (40%) | 37,342 (40%) | 17,912 (19%) | 462,993 (100%) | 222,419 (48%) | 171,168 (37%) | 69,406 (15%)
Sex
Female 65812 (71%) | 28,696 (77%) | 26,310 (70%) | 10,806 (60%) | 329,058 (71%) 161,241 (72%) | 121,906 (71%) | 45,911 (66%)
Male 26,787 (29%) 8,649 (23%) 11,032 (30%) | 7,106 (40%) 133,935 (29%) 61,178 (28%) 49,262 (29%) | 23,495 (34%)
Age in years
65-75 20,737 (22%) 8,533 (23%) 7,753 (21%) 4,451 (25%) 104,106 (22%) 65,123 (29%) 29,519 (17%) 9,464 (14%)
76-85 37,672 (41%) 14,261 (38%) | 15493 (40%) | 7,918 (44%) 188,605 (41%) 87,561 (39%) 70,653 (41%) | 30,391 (44%)
8695 31,246 (34%) 13,032 (35%) | 12,972 (35%) | 5,242 (29%) 155,932 (34%) 63,431 (29%) 65,028 (38%) | 27,473 (40%)
>95 2,944 (3%) 1,519 (4%) 1,124 (3%) 301 (2%) 14,350 (3%) 6,304 (3%) 5,968 (3%) 2,078 (3%)
Index year
2004-2008 31,674 (34%) 13,642 (37%) | 12,733 (34%) | 5,299 (30%) 158,370 (34%) 75,686 (34%) 59,904 (35%) | 22,780 (33%)
2009-2013 31,702 (34%) 12,581 (34%) | 12,886 (35%) | 6,235 (35%) 158,510 (34%) 75,589 (34%) 58,791 (34%) | 24,130 (35%)
2014-2018 29,223 (32%) 11,122 (30%) | 11,723 (31%) | 6,378 (36%) 146,113 (32%) 71,144 (32%) 52,473 31%) | 22,496 (32%)

170 hetps: Clinical Epidemiology 2025:17


https://www.dovepress.com/get_supplementary_file.php?f=507252.pdf

Hansen et al

Table 2 Crude and Standardized Incidence Rates for Hip Fracture Cohort and Comparison Cohort in Total and Stratified by
Multimorbidity Level. Interaction Contrast and Proportion Attributed to Interaction for Moderate and Severe Multimorbidity.
Adjusted Hazard Ratios

Multi- Cohort Events, Person Crude Incidence Rates Per Standardized Incidence Interaction Attributed Adjusted Hazard
morbidity N Years 100 Person Years Rates Per 100 Person Years Contrast Proportion ratio
(95% CI) (95% CI)* (95% Cly** (95% Cly*s*

| month follow-up

Total Comparison 5755 37,649 15.3 (14.9-15.7) Reference
Hip fracture 14254 6370 223.8 (220.1-227.5) 142 (13.8-14.7)
No Comparison 1492 1,817,453 82 (7.8-8.6) 8.8 (8.4-9.3) Reference Reference Reference
Hip fracture 4692 267,901 175.1 (170.2-180.2) 180.8 (175.6-186.2) 19.9 (18.8-21.1)
Moderate Comparison 2445 1,389,760 17.6 (16.9-18.3) 16.9 (16.2-17.5) Reference
Hip fracture 6066 254,059 238.8 (232.8-244.8) 239.8 (233.8-245.9) 50.9 (42.8-59) 212 13.4 (12.8-14.0)
Severe Comparison 1818 557,695 32,6 (31.1-34.1) 31.1 (29.7-32.7) Reference
Hip fracture 3496 114,992 304 (294.1-314.3) 301.9 (291.1-313.1) 98.8 (86.5—111.1) 327 9.1 (8.6-9.6)

| year follow-up

Total Comparison 49584 410,594 12.1 (12.0-12.2) Reference
Hip fracture 25714 57,684 44.6 (44.0-45.1) 3.6 3.6-3.7)
No Comparison 14826 20,500,302 72 (7.1-7.3) 7.8 (7.6-7.9) Reference Reference Reference
Hip fracture 8206 2,636,952 31.1 (30.5-31.8) 32.9 (32.2-33.¢) 4.0 (3.9-4.2)
Moderate Comparison 21349 14,935,184 14.3 (14.1-14.5) 13.6 (13.4-13.8) Reference
Hip fracture 11020 2,248,032 49 (48.1-49.9) 50.1 (49.2-51.1) 1.4 (10.1-12.6) 22.7 34 (34-3.5)
Severe Comparison 13409 5,623,936 23.8 (23.4-24.2) 22.7 (22.3-23.1) Reference
Hip fracture 6488 883,451 734 (71.7-75.2) 74.5 (71.1-78.0) 26.7 (23.1-30.2) 358 3.0 29-3.1)

Notes: *Standardized by age in 5-year intervals, index year in 5-year intervals and sex in the total cohort. **Excess incidence rate attributed to interaction. ***Adjusted for
age, sex, and index year.

of 14.2 (13.8-14.7) (Table 2). Incidence rates increased with multimorbidity level in both cohorts with the highest
incidence rate found in the hip fracture cohort with severe multimorbidity. The interaction contrast was 50.9 (95% CI:
42.8-59) per 100 person years for hip fracture patients with moderate multimorbidity and 98.8 (86.5-111.1) for hip
fracture patients with severe multimorbidity (Table 2, Figure 1).

HRs from the Cox regression that was used for calculation of interaction on relative scale are presented in Figure 2.
HRs were substantially higher for the hip fracture sub-cohorts and increased with multimorbidity level. For instance, the
HRs were 20 (95% CI: 19-21) and 34 (95% CI: 32-37) for hip fracture patients with no multimorbidity and severe
multimorbidity, respectively, compared to the comparison cohort with no multimorbidity. The attributable fraction was
20.5% for hip fracture patients with moderate multimorbidity and 31.8% for hip fracture patients with severe multi-
morbidity (Figure 2).

Infection Risk and Interaction Within | Year

Within 1 year of follow-up, the incidence rates of infection were lower in the hip fracture cohort compared to 1-month of
follow-up, whereas incidence rates in the comparison cohort did not change noticeably. The overall adjusted HR was 3.6
(3.6-3.7) for hip fracture patients compared to the comparison cohort (Table 2). The interaction contrast indicated that on
absolute scale, 22.7% and 35.8% of incidence rates could be explained by interaction between hip fracture and moderate
or severe multimorbidity.
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Comparison cohort with no multimorbidity
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Comparison cohort with severe multimorbidity
Hip fracture cohort with no multimorbidity
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0 100 200 300
Standardized incidence rate /100 person years

Follow-up 1 year

Comparison cohort with no multimorbidity
Comparison cohort with moderate multimorbidity
Comparison cohort with severe multimorbidity
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Figure | Interaction effect between Hip fracture surgery and multimorbidity on absolute scale based on stacked incidence rates.

Cohort HR (95% ClI) AF, % (95% CI)
Follow-up 1 month '

Comparison, no * Ref Ref

H 2.0 (1.9-2.1)
H 3.6 (3.3-3.8)
H 20.3 (19.1-21.5)

Comparison, moderate

Comparison, severe

Hip fracture, no

Hip fracture, moderate H 26.7 (25.3-28.3) 20.5(17.5-23.4)
Hip fracture, severe H 33.5(31.5-35.6) 31.8 (28.9-34.7)
Follow-up 1 year
Comparison, no + Ref Ref
Comparison, moderate E H 1.8(1.8-1.8)
Comparison, severe E H 2.9(2.8-2.9)
Hip fracture, no E H 4.1(4.0-4.2)
1
Hip fracture, moderate E H 6.2 (6.0-6.3) 20.9 (18.8-23.0)
Hip fracture, severe E H 9.0 (8.7-9.3 33.7 (31.8-35.7)
110 1.5 20 3.0 5.0 10.0 20.0 30.0

Hazard ratio

Figure 2 Adjusted hazard ratios (HR) for risk of infection comparing Hip fracture patients with no, moderate and severe multimorbidity, as well as comparison cohort with
moderate and severe multimorbidity with the comparison cohort with no multimorbidity as a reference, and attributable fraction (AF).
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The attributable fraction indicated that on relative scale HRs could be reduced by 20.9% and 33.7% in hip fracture
patients with moderate and severe multimorbidity if there was no interaction effect (Figure 2).

Discussion

We found that multimorbidity interacts with hip fracture surgery on both absolute and relative scale, increasing the risk of
infection both within 1 month and 1 year after surgery. The interaction leads to 20-35% excess risk of post-surgical
infection in hip fracture patients with multimorbidity.

Considerations With Respect to Existing Research

To our knowledge, no other studies have examined the interaction between multimorbidity and hip fracture surgery
regarding infection risk. This is surprising since multimorbidity and infection are highly prevalent in hip fracture patients
and an association between multimorbidity and elevated infection risk has been reported.” Previous interaction studies on
hip fracture have focused on mortality and cardiovascular events.''"'>'* A Norwegian study among female hip fracture
patients found that in patients with a CCI score >3, 9 of 15 deaths per 100 patients could be attributed to interaction.''
A Danish study investigated the interaction between previous stroke and hip fracture on mortality risk and found
interaction on both absolute and relative scale within 30 days of follow-up and suggested that complications like
infection might explain the excess mortality.”> Two other studies investigated the interaction between comorbidity and
hip fracture on the risk of cardiovascular events and found that interaction could explain up to 28% of excessive risk of
venous thromboembolism and 76% of excessive risk of stroke and myocardial infarction.'? Our study extends available
knowledge by being the first to include a comparison cohort to investigate the association between multimorbidity and
infection risk after hip fracture surgery and thereby finding excess risk due to interaction.

Potential Mechanisms and Clinical Implications

There are several potential explanations for the excess risk of infection in hip fracture patients with multimorbidity. Many
factors are related to the hip fracture trauma and surgery itself. It is well known that intubation, catheterization, and
opioid use can lead to infections like pneumonia and urinary tract infections. Also, dehydration, anemia, and post-
operative immobilization can lead to higher risk of sustaining a post-surgical infection.> > Some highly prevalent
chronic diseases in hip fracture patients like chronic pulmonary disease lead to increased risk of infection due to
deterioration in respiratory health, changes in lung function and both airway and systemic inflammation.?® Some diseases
included in the CCI are treated with immunomodulating drugs, which may also contribute to the infection risk.”’ Based
on this, a possible explanation for the excess risk attributed to interaction is that multimorbidity amplifies the effect of
factors related to hip fracture surgery that increase infection risk and vice versa.

It is highly relevant to prevent postoperative infections in hip fracture patients as infections are associated with high
mortality.® First, focusing on primary prevention, including fall prevention and osteoporosis treatment, is essential.***>°
Second, it is important to focus on early symptoms and detection of postoperative infections, as symptoms of infection in
multimorbid patients might not be as typical as in patients without multimorbidity. Third, hip fracture patients with
multimorbidity can benefit from an emphasis on the importance of early mobilization after surgery. Early mobilization
and regaining baseline mobility before discharge has been found to be associated with a reduced risk of infection within
30 days but is less often achieved in patients with higher multimorbidity level.>>° Fourth, a Danish study found that
involving of relatives in post-discharge home visits was associated with lower frequency of unplanned hospitalization
within 30 days after discharge from acute disease for frail patients aged 65 years and above living alone. Therefore, it
suggests that guidelines should also focus on structured involvement of relatives.>’ This could also be evident in post-
discharge care of hip fracture patients and reduce risk of readmission due to infections.

Methodological Considerations

The positive predictive value (PPV) of hip fracture diagnosis and surgery in the Danish Multidisciplinary Hip Fracture
Registry is 100%.* The completeness of the hip fracture registry is considered high, as reimbursement to orthopedic surgery
departments is based on the registration of diagnosis and surgery codes. For the ICD-10 diagnosis codes used to define
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multimorbidity, the PPV ranges from 82 to 100%."® Information on severity of individual diseases included in CCI was not
available but severity was considered equally distributed between the hip fracture and comparison cohort. The prevalence of
multimorbidity may be underestimated since only hospital-treated diseases were included. On the other hand, we also expect
hospital-treated diseases to have the highest impact on infection risk. CCI was chosen over other indices as studies have
found only little or no differences in predictive ability and CCI is widely used, making it easier to compare.*

A study conducted on cancer patients found that ICD-10 codes for any infection have a PPV of 98%.>* We cannot
exclude the risk of differential misclassification due to surveillance and detection bias if hip fracture patients are more
likely to be admitted to the hospital. However, the risk is considered low as admission to hospital should be based on
symptoms and paraclinical tests.

Our study could be biased by unmeasured confounding due to lifestyle factors such as smoking and BMI, and
socioeconomic factors such as cohabitation and social network. However, some lifestyle factors such as mobility are
more likely to be intermediate factors in the causal pathway than confounders.

Conclusion

There is an interaction effect between multimorbidity and hip fracture surgery on both absolute and relative scale that
leads to a substantial elevated risk of infection. This effect increases with multimorbidity level. Targeted and personalized
pre- and postoperative initiatives aimed at prevention, early detection of symptoms, and early treatment of infections
should be considered among these vulnerable multimorbid hip fracture patients to a greater extend. We suggest that
future clinical guidelines take multimorbidity into account.
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