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Abstract The effectiveness of heart failure (HF) self-
management interventions varies within patients suggesting
that one size does not fit all. It is expected that effectiveness
can be optimized when interventions are tailored to individual
patients. The aim of this reviewwas to synthesize the literature
on current use of tailoring in self-management interventions
and patient characteristics associated with self-management
capacity and success of interventions, as building blocks for
tailoring. Within available trials, the degree to which interven-
tions are explicitly tailored is marginal and often limited to
content. We found that certain patient characteristics that are

associated with poor self-management capacity do not influ-
ence effectiveness of a given intervention (i.e., age, gender,
ethnicity, disease severity, number of comorbidities) and that
other characteristics (low: income, literacy, education, base-
line self-management capacity) in fact are indicators of pa-
tients with a high likelihood for success. Increased scientific
efforts are needed to continue unraveling success of self-
management interventions and to validate the modifying im-
pact of currently known patient characteristics.
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Introduction

Heart failure (HF) is a major health problem [1, 2], character-
ized by a wide spectrum of debilitating symptoms, poor qual-
ity of life, frequent hospitalizations, and high mortality [3, 4].
Outcomes have improved over the last two decades for those
with HF and a reduced ejection fraction with pharmacological
therapy, devices, and multidisciplinary management programs
[3, 5].

A part of the progression of HF and its burden on patients
and society is thought to be preventable if patients are engaged
in the (proactive) management of their disease [6, 7]. Patients
who are actively involved in their care and who have the
competences to adhere to treatment regimens and take appro-
priate actions are expected to have better survival and reduced
hospital (re-)admissions [8–10]. In the literature, the terms
self-management, self-maintenance, and self-care sometimes
are used as separate terms [11] and sometimes used inter-
changeably to cover the complex challenges patients face in
coping with their disease [12]. To enhance the readability and
to remain consistent with international chronic care models
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[13], we will use the term self-management throughout this
review. The key targeted HF self-management competences
are (i) adherence to complex medication regimens, (ii) moni-
toring symptoms and taking appropriate action when needed,
and (iii) compliance with exercise, dietary, and other lifestyle
recommendations [14].

Over the past decades, many interventions have been de-
veloped and evaluated that may help to equip patients with
these complex self-management competences. Most interven-
tions provided (nurse-led) patient education and training skills
to support self-management [15]. Several meta-analyses have
highlighted the heterogeneity in delivery, methods, and dura-
tion of these interventions. Reviews including studies that
evaluated isolated educational interventions showed improve-
ments in knowledge [16, 17]. When self-management was
studied as part of more comprehensive disease-management
or telehealth program, more robust results were reported, such
as reduction of disease-related hospital admissions [18–23],
mortality [18, 19, 22], and improved health-related quality of
life (HRQoL) [24]. One meta-analysis calculated the pooled
results of isolated self-management interventions and found a
reduction in HF and all-cause hospitalizations and improved
medication adherence but not in mortality, HRQoL, functional
capacity, or symptoms [25]. The results from the aforemen-
tioned reviews indicate that the evidence for effectiveness of
self-management interventions is ambiguous. This may be
partly due to mixed quality of the reviews [26], heterogeneity
in program and patient characteristics [27], and low treatment
fidelity of the provider [28].

There is a need to better understand the key elements of
successful self-management interventions. An important
starting point is recognizing that managing a complex multi-
impact disease is difficult. This is supported by several studies
showing that self-management capacity in patients with HF is
generally poor [29–32]. Pooled results from 15 countries in-
dicated that poor uptake of self-management is a worldwide
phenomenon [33••]. Besides variations in self-management
capacity, longitudinal studies have shown that patient-
specific characteristics also seem to modify the effectiveness
of self-management interventions. Meta-analytical findings
have indicated that a substantial number of patients do not or
insufficiently respond to self-management interventions [25,
34]. The current premise that some interventions work better
in specific patient populations and not in others suggest that
one size does not fit all [27, 35•]: in other words, more tailored
approaches will be needed.

In a tailored approach, the treatment exposure is dynamic
instead of the more fixed exposure in one-size-fits-all inter-
ventions [36]. In a tailored intervention, the individual is
assessed and the intervention is customized based on the
unique characteristics of that person, in order to increase the
relevance of treatment and to produce greater desired changes
[37]. Customization refers to the personalized treatment

consequence, such as variations in content (topics), behavior
change techniques, mode of delivery, and dose [38]. A specif-
ic type of tailoring is targeting in which subgroup characteris-
tics are used to develop a single intervention for a defined
population subgroup [36].

To optimize tailoring of interventions in HF, a thorough
understanding of effective intervention ingredients is required,
as well as knowledge of tailoring strategies and subgroups of
patients in which a given self-management intervention is
most effective. The aims of this review are (1) to describe
the current use of tailoring in self-management interventions
in patients with HF and to synthesize the essential literature on
patient characteristics associated with (2) self-management
capacity and (3) intervention effects.

Current Use of Tailored Self-Management
Approaches in Clinical Trials

Recently, we established a large international collaboration
between principal investigators of HF self-management trials
[35•]. The aim of this consortium is to unravel success of self-
management interventions through pooling and modeling in-
dividual patient data (IPD) in a meta-analysis of previously
conducted randomized clinical trials. The search and selection
strategy applied in the IPD meta-analysis has been described
in detail elsewhere [35•]. Self-management interventions were
operationalized as patient-focused interventions with at least
two of the following components: (1) active stimulation of
symptom monitoring, (2) education in problem solving skills
(i.e., self-treatment such as managing acute exacerbations, re-
source utilization, and stress/symptom management), and en-
hancement of either (3) medication adherence, (4) physical
activity, (5) dietary intake, or (6) smoking cessation. For this
review, we used a similar search strategy of the ongoing IPD
meta-analysis and updated the study selection (until January
2015) [35•].

Data on presence and type of tailoring were extracted for
52 self-management interventions. Tailoring was considered
present if the intervention was personalized, and based on an
assessment of individual characteristics. Table 1 provides an
overview of the tailoring strategies in HF self-management
interventions and the theory underlying the tailored interven-
tion. Of the 52 selected studies, 28 explicitly described their
tailoring strategy. The sample size of the studies ranged from
40 to 715, and the majority were nurse-led interventions. Stud-
ies not included in Table 1 were either not tailored or the
investigators did not explicitly report their tailoring strategy
[39–45, 46••, 47–62]. This includes studies in which the con-
tent might have been individualized to some extent but no
clear description was provided on how this was applied. For
example, in interventions with face-to-face consultations, in-
terpersonal communication, goal setting, and problem solving
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could have resulted in individualization of the intervention,
but this was not clearly reported in the publication.

Tailoring Strategies

The 28 studies included a wide range of patient characteristics
which guided tailoring of the content, dose, or mode of the
intervention. The most frequently mentioned were HF-related
knowledge, self-management behaviors/skills (such as medi-
cation adherence, sodium intake, identify symptoms of dete-
rioration, problem solving), barriers for self-management, and
patient-reported needs and preferences. Other variables men-
tioned were environmental factors, health literacy, New York
Heart Association (NYHA) class, and activation level.

Tailoring was applied mostly with regard to content, thus
addressing different topics based on the assessed patient char-
acteristics. Six interventions customized on the mode of de-
livery, either changing the language [63••, 64–66] or adapting
the literacy level [67], and one study gave a choice in tele-
phone or e-mail contact [68]. Nine interventions varied con-
tact frequency based on needs [66, 69–71], NYHA-class [72,
73], or patients’ preference [63••, 65, 68]. None of the studies
reported on tailoring with regard to behavior change
techniques.

We found five studies with an intervention designed for
and targeted to a specific subgroup. Davis et al. targeted the
intervention to HF patients with mild cognitive impairment by
focusing on environmental manipulation (e.g., simplifying
tasks) and training compensatory strategies (e.g., memory
aids) [74]. Barnason et al. targeted their intervention to HF
patients at risk for impaired medication adherence (five or
more routinely scheduled prescriptions) [67]. Riegel et al.
[66] adjusted a previous intervention to Hispanics by integrat-
ing cultural values and the possibility of bilingual support. In
two subsequent studies, DeWalt et al. targeted their interven-
tion to low literate patients, where the intervention was not
only given to the subgroup of low literates but to all HF pa-
tients included in the trial [63••, 75].

Theoretical Models Underlying Tailored Interventions

In 14 of the tailored interventions, theoretical models were
used as the underlying mechanism of the intervention. Most
often Bandura’s social cognitive theory was used, particularly
aiming at increasing patients’ self-efficacy [76]. In one single
study, a theoretical model was explicitly used for tailoring.
Shively et al. used the activation theory to tailor the interven-
tion based on patients’ initial activation level as measured by
the Patient Activation Measure (PAM) [77••]. Patients’ base-
line level of activation was assessed as low or medium to high
and subsequently individualized goals were set for knowledge
(low PAM) or skills and behaviors (medium and high PAM)
[77••].

Patient Characteristics Associated With
Self-Management Capacity

A large number of cross-sectional studies have evaluated the
association between patient characteristics and varying self-
management capacity to identify patients at risk for poor self-
management capacity. Although not exhaustive, a summary of
the most important identified characteristics is provided
below.

In the early 1990s, Connely et al. already developed a con-
ceptual model to increase the understanding of varying self-
management capacity, the Model of Self-Care in Chronic Ill-
ness (MSSCI) [78]. In chronic disease patients, gender, age,
income, education, social support, symptom severity, and co-
morbidities were initially identified as determinants of self-
management capacity [78]. The determinants hypothesized
in the MSSCI have been tested in multiple HF populations
with relatively inconsistent findings. Rockwell et al. found
level of education and symptom severity to explain 10.3 %
of the variance in self-management capacity [79]. A subse-
quent study could not replicate these findings but found that
males and patients with less comorbidities were more likely to
be good self-managers [30]. Partly similar findings were
found by Cameron et al. where older age, male gender, co-
morbidities, and depression were associated with poor self-
management capacity [31]. The association with depression
[80] and poor self-management capacity has been replicated in
several studies [32, 81]. Besides depression, anxiety and cog-
nitive dysfunction are highly prevalent in patients with HF and
seem to complicate engagement in self-management [32, 82,
83]. Performance in self-management also seems to be influ-
enced by experience. Two studies have investigated the rela-
tion between the time from diagnosis and showed better scores
for experienced patients on self-care maintenance and self-
care management scores but surprisingly not on self-care con-
fidence [84, 85]. Other important characteristics that have
shown to hamper self-management behaviors in HF are both
low literacy and low health literacy. For patients with inade-
quate literacy, it is more difficult to understand health infor-
mation and act upon it to perform good self-management [86].
For low health literacy, several studies found it to be indepen-
dently associated with poor self-management capacity
[87–89].

Alongside designating patients with a higher likelihood for
poor self-management capacity, decision making on tailored
strategies might also be served by getting an in-depth under-
standing of varying self-management behaviors. Meanwhile,
two recent meta-syntheses have been conducted, synthesizing
results from a large number of qualitative studies aimed at
increasing our understanding on varying self-management ca-
pacity [90•, 91•]. The first included 23 studies indicated that
disease severity, limited knowledge, comorbidities, cognitive
and emotional dysfunction, communication skills, and
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adverse coping strategies were barriers for adequate self-
management capacity. Facilitators were social support, dis-
avowal (healthy denial) coping strategy, trust in health care
providers, spiritual beliefs, and optimism [90•]. The most re-
cent meta-synthesis mainly focused on the impact of different
contextual factors and included 45 studies. Strachan et al.
identified six main types of contextual factors to complicate
self-management in HF patients: lack and overload of care-
giver support (usually family members), limited social net-
works, living in rural areas, limited financial capacity, and
limited interaction with peers [91•].

Summarizing the great efforts that have been made, we can
draw a tentative conclusion that age, gender, (health) literacy,
socio-economic class, comorbidities, and emotional and cog-
nitive function are key recurring patient characteristics that are
associated with self-management capacity. It is appealing to
assume that results from cross-sectional studies might help us
to guide targeting or tailoring interventions. Yet, factors asso-
ciated with self-management capacity are not necessarily
those with a higher likelihood for success of self-
management interventions. The cross-sectional nature of these
studies only provide a snapshot of the association at one time
point and give no indication of causal mechanism occurring
over time initiated by an intervention.

Patient Characteristics Associated With Success
of a Given Intervention

In contrast to cross-sectional analyses which solely allow for
the identification of characteristics associated with self-
management capacity, decision making on tailoring can be
facilitated by unraveling success of self-management inter-
ventions. Quantifying in whom a given intervention is most
likely to be successful can be analyzed by identification of
effect modification [92, 93]. Effect modification is defined
as the difference in the association between the treatment
and outcome across different subgroups of patients [94].

Effect modifiers can be identified by stratified analysis
where the association between the intervention and outcome
is reported for each level of a baseline characteristic. Differ-
ences in this association suggest the presence of effect modi-
fication [95]. Another method is the measurement of statistical
interaction, whereby the statistical significant contribution of
the product term between treatment exposure and the baseline
characteristic indicates effect modification [94]. To identify
patient characteristics modifying success of HF self-
management interventions, we could again rely on the selec-
tion of randomized trials as reported in the previous section.

Table 2 shows the results of studies evaluating effect mod-
ification including the type of analysis and included baseline
variables. From the 52 interventions, 12 analyzed the presence
of effect modification. The majority focused on demographic

variables. None of the studies found differences in success of
self-management interventions across different levels of age
[40, 42, 50, 63••, 96••] or race [50, 63••, 96••]. This finding is
in contrast to well-established associations between these
characteristics and self-management capacity. The same ac-
counts for gender differences except for Mårtensson et al.
who found subtle gender-specific differences in effectiveness
of a nurse-led self-management intervention on SF-36 sub-
scales in the advantage of women [56]. In an additional anal-
ysis on self-management behaviors, they showed this could
have been mediated by women having a higher tendency to
improve adherence to daily weight control [97]. Two separate
studies evaluated effect modification in the HART trial and
evaluated the impact of low socio-economic class. Although
not associated with change in HRQoL [63••], low-income
patients (annual family income of <$30,000) receiving a
self-management intervention had 44 % longer time to hospi-
talization or death compared to low-income patients receiving
education only [50]. The same direction of association is seen
for level of education. Although previous cross-sectional stud-
ies (incl. qualitative studies) have shown that low education is
associated with poor self-management capacity, additional
analysis nested in a large Dutch trial [57] indicates that in fact
this group might particularly benefit from the widely validated
Chronic Disease Self-Management Program (CDSMP) [98].
The authors found that patients attended <12 years of educa-
tion gained more improvements in HRQoL compared to their
higher educated counterparts. In the same study, cognitive
function was identified as an effect modifier of success of
CDSMP too, favoring those with a higher baseline cognitive
status [98]. The impact of low literacy on success of self-
management interventions has been thoroughly investigated
by DeWalt and colleagues. Initially, in a relatively small
single-center RCT, this research group evaluated the effective-
ness of a literacy-sensitive intervention. Although statistically
underpowered, they performed a stratified analysis within two
levels of baseline literacy and found no indications for effect
modification [75]. In a subsequent larger trial (n=605), they
examined the difference in effectiveness between a single-
session self-management intervention and additional tele-
phonic reinforcement. They reported the impact of age, sex,
education, income, ethnicity, NYHA class and literacy, and
change in several outcome measures. Only literacy was iden-
tified as an effect modifier of the extensive intervention.While
emphasized in many studies as a factor hindering successful
self-management behavior, having a baseline low/marginal
literacy was associated with a higher likelihood for success
both in HRQoL [99] and number of hospitalizations [63••].

Five studies [40, 50, 57, 63••, 96••] evaluated the effective-
ness of self-management intervention within strata of HF-
specific characteristics such as severity (NYHA class, ejection
fraction, time from diagnosis) and ischemic etiology. Only
Bocchi et al. found that in patients with baseline NYHA I–
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II, a program with repetitive education and telephone moni-
toring resulted in a larger risk reduction on the composite
outcome hospitalization or death [42].

As a reflection of disease complexity, two studies have
evaluated the impact of comorbidit ies. Although
operationalization of comorbidities varied, no indications for
effect modification were observed [50, 57]. Yet, specific co-
morbidities do seem to hinder the success of self-manage-
ment. In addition to the negative influence of low cognitive
function, as indicated earlier, baseline depression might also
lead to less successful outcomes of self-management interven-
tions. While no effect modification was identified for HRQoL
in the HART trial [96••], interaction analysis in the COACH
trial showed that the intervention was only effective on time to
death/readmission and reduced mortality rates in patients
without depression [100].

Few studies have analyzed whether baseline self-
management competences can influence success of interven-
tions. One might assume that the initial level of HF-specific
self-management behaviors and known mediators of change
in self-management capacity such as self-efficacy and activa-
tion determine the didactic room for improvement. This is
supported by the interaction analysis nested in a Spanish
RCT where they analyzed a broad range of potential effect
modifiers. In a subgroup of patients whose original admission
was attributed to non-adherence, the risk reduction for com-
bined readmission or death rate was significantly greater [40].
Shively et al. studied the impact of baseline levels of activa-
tion, as measured by the PAM on success of a self-
management intervention [77••]. Their results indicated that
moderately activated patients were the ones with the highest
likelihood for a positive change in the PAM, while in low and
highly activated patients, the intervention resulted in a higher
reduction in hospitalizations. Interpretation of these results is
complicated by the fact that the intervention was tailored
based on patients’ initial level of activation [77••].

In summary, age, ethnicity, gender, number of comorbidi-
ties, and disease severity do not seem to influence the success
of self-management interventions. Low education, low in-
come, low literacy, and low baseline self-management capac-
ity seem to facilitate success, while depression and cognitive
dysfunction seem to hinder success of self-management
interventions.

Clinical Implications

To curb the complexity of HF and to reduce its impact on
patients and society, a multi-faceted approach is needed, in
which patients have an important responsibility in determin-
ing the course of their disease. Improved self-management
capacity contributes to better HF-related outcomes and reduc-
tion in hospitalizations and mortality. Interventions aimed at

supporting patients in increasing these competences have
shown to be successful, however, not in all patients. To opti-
mize effectiveness of those interventions prompts the use of
better targeted or tailored interventions. It is likely that adap-
tive interventions, combining the identification of certain sub-
groups and subsequent tailored solutions will result in higher
effect sizes. However, within the large number of available
trials, the degree to which interventions are explicitly tailored
is marginal.

For future interventions and to support clinical practice, we
have summarized the results of many scientific efforts to iden-
tify patient characteristics that are clinically relevant to guide
targeting and tailoring. For age, gender, ethnicity, disease se-
verity, and number of comorbidities, substantial evidence is
available that these factors do not seem to influence the degree
of success of self-management interventions. Other character-
istics initially identified as factors potentially hindering effec-
tive self-management in longitudinal studies are in fact indi-
cators of those patients with the highest likelihood for im-
provement. Knowledge of these effect modifiers gives rise
to formally include these factors in the screening process,
especially when more efficient allocation of resources is indi-
cated. Patients with low literacy, low education, and low in-
come at baseline have shown to be suitable candidates for self-
management support. It can be expected that more tailored
approaches can even further boost effect sizes (e.g., (health)
literacy sensitive interventions). Effective guidelines are avail-
able to provide patients with additional support, adapt com-
munication strategies, and educational content and materials
[86, 101]. Low-income patients already seem to benefit from
current self-management interventions, yet policy-makers
should stay vigilant to prevent financial factors from hindering
the effects of self-management.

Another important aspect is the baseline assessment of self-
management capacity including important mediators of be-
havior change such as self-efficacy, knowledge, adherence,
and activation. A limited number of studies indicate that initial
poor self-management behaviors do not hinder but instead
represent those with a high didactic potential for
improvement.

Current evidence of effect modification in clinical trials
indicates that certain characteristics do hamper the likelihood
for success of self-management interventions. Cognitive dys-
function and depression are highly prevalent comorbidities in
HF, and both seem to have negative impact on the effective-
ness of self-management interventions. Therefore, formal
screening at baseline for these factors is imperative. For cog-
nitive dysfunction, both learning and subsequently
performing self-management are highly challenging. In cur-
rent available trials, interventions seldom formally screen for
cognition and do not seem to be sensitive in sufficiently tack-
ling the influence of cognition on increasing self-management
competences. It seems sensible that interventions in this
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subgroup of patients need to be extended with increased as-
sistance, allocation of caregivers, cognitive training, and envi-
ronmental manipulations, i.e., by simplifying tasks, providing
external cues, or prompts to initiate action [74]. Given the high
prevalence in the HF population, the impact of depression on
success of self-management is disturbing. Although little ev-
idence is available on tailored strategies in this subgroup, it
seems useful to incorporate screening of depressive symptoms
at enrollment and to consider cognitive behavioral therapy or
to add antidepressants [102].

Research Implications

Extensive scientific work has been done to increase our un-
derstanding in whom self-management is problematic and in
whom self-management interventions are most effective. Yet,
the interplay between patient characteristics, self-management
capacity, and the likelihood for success of interventions is still
unclear. In our quest to establish tailored HF self-manage-
ment, we should slowly abandon from cross-sectional analy-
ses, since many studies already have been performed, and they
have provided limited information on the causal mechanisms
towards success. Instead, decision making on tailored strate-
gies is served by comprehensive identification of effect mod-
ifiers from longitudinal studies.

Understanding the variance in effectiveness among sub-
groups is complicated by the heterogeneity in available inter-
vention strategies. Substantial variations in intervention com-
ponents, mode of delivery, and dose hamper answering Bwhat
works in whom,^ the key towards effective tailoring of future
interventions. Increased scientific efforts are needed to vali-
date the modifying impact of currently known characteristics
such as (health) literacy, education, income, cognitive, and
emotional status across different treatment strategies. In addi-
tion, more knowledge is needed on the extent to which initial
self-management capacity and levels of key baseline behav-
ioral mediators reflect the potential for improvement. Strati-
fied analysis in well-powered randomized trials, preferably
with multiple treatment arms, can help us to further unravel
the causal mechanism between patient and intervention char-
acteristics. Additionally, data from longitudinal routine-care
cohorts and an ongoing Individual Patient Data meta-
analysis [35•] can help us to untangle success of self-
management as a bridge towards more individually tailored
strategies.

Available trials on HF self-management have not always
clearly described how tailoring was applied. The minority of
studies which explicitly described the tailoring strategy gen-
erally limited tailoring to individualizing content. Guided by
the accumulating knowledge in this field, future studies are
needed to study the added value of tailoring interventions in
terms of behavioral change techniques [103], mode of

delivery (i.e., regular consultations vs. e-Health solutions),
and intensity. A promising design to this purpose is the use
of adaptive interventions designs, whereby the type or dosage
of the intervention is adapted based on patient characteristics
and the treatment is adjusted repeatedly over time [104]. The-
se interventions use individual differences between partici-
pants to achieve the best possible outcome, both by augment-
ing an intervention for a non-responsive participant or
diminishing treatment for a responsive participant in order to
reduce cost or participant burden. Sequential, multiple assign-
ments, randomized trials (SMART) can be used to test the
decision rules for an adaptive intervention [105].

Conclusion

Although embedded in HF guidelines, effectiveness of self-
management interventions has not yet reached its full poten-
tial. Effectiveness can be substantially optimized when inter-
ventions are better tailored to individual patients. Currently,
available trials did individualize the intervention to a certain
extent; however, this was rarely applied through explicit iden-
tification of certain subgroups and subsequent provision of
tailored solutions. In this review, we synthesized essential lit-
erature which can serve as building blocks for future develop-
ment of tailored self-management approaches. The results
show that we have to redirect our efforts: several characteris-
tics previously considered to be associated with poor self-
management capacity (age, gender, ethnicity, disease severity,
number of comorbidities) actually do not affect effectiveness
of a given intervention. Other factors such as low income, low
literacy, low educational level, and low baseline self-
management capacity in fact point at those patients with the
largest potential for improvement. Identifying those patients
with a high likelihood for success can increase effectiveness of
interventions. Particular emphasis should be placed on pro-
active screening and attempts to develop and validate tailored
strategies for patients with cognitive or emotional dysfunc-
tion. Meanwhile, scientific efforts are needed to unravel suc-
cess of self-management interventions and the added value of
tailoring.
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