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Background: Patients with hip fracture and depression are less likely to recover functional ability. This review
sought to identify prognostic factors of depression or depressive symptoms up to 1 year after hip fracture surgery
in adults. This review also sought to describe proposed underlying mechanisms for their association with depression or

Methods: We searched for published (MEDLINE, Embase, Psychinfo, CINAHL and Web of Science Core Collection) and
unpublished (OpenGrey, Greynet, BASE, conference proceedings) studies. We did not impose any date, geographical,
or language limitations. Screening (Covidence), extraction (Checklist for critical Appraisal and data extraction for
systematic Reviews of prediction Modelling Studies, adapted for use with prognostic factors studies Checklist), and
quality appraisal (Quality in Prognosis Studies tool) were completed in duplicate. Results were summarised narratively.
Results: In total, 37 prognostic factors were identified from 12 studies included in this review. The quality of the

underlying evidence was poor, with all studies at high risk of bias in at least one domain. Most factors did not have a
proposed mechanism for the association. Where factors were investigated by more than one study, the evidence was

Conclusion: Due to conflicting and low quality of available evidence it is not possible to make clinical recommendations
based on factors prognostic of depression or depressive symptoms after hip fracture. Further high-quality research
investigating prognostic factors is warranted to inform future intervention and/or stratified approaches to care after hip

Keywords: Hip fracture, Depression, Prognostic factors, Predictors

Introduction

Hip fractures are among the most common orthopaedic in-
juries affecting 66,313 older adults in the United Kingdom
in 2018 [1]. These fractures can negatively affect patients’
health-related quality of life as they often lead to losses in
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mobility and independence [2], a need for ongoing care,
limitations in activities of daily living (ADLs) [3] and ensu-
ing death [4]. To mitigate these risks, prompt surgery and a
subsequent period of rehabilitation is the definitive man-
agement approach for most hip fractures [5].

Psychiatric illness, including depression and depressive
symptoms, is common in the population of older adults
with hip fracture [6]. The reported prevalence of depres-
sion among patients with hip fracture is between 9 and
47%, depending on the country, population, duration of
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depressive symptoms, the method used to assess depres-
sion and the type of hip fracture [7, 8]. Patients with de-
pression or depressive symptoms are less likely to
recover functioning (as measured by function, e.g., bal-
ance or walking speed, and activities, e.g., activities of
daily living) after hip fracture compared to those without
depression [9]. The risk of developing depression or de-
pressive symptoms is highest before discharge and in the
12 months following the event [10]. Indeed, Maharlouei
and colleagues reported depression as a major contribut-
ing prognostic factor for recovery after hip fracture [11]
and those with consistently high levels of depressive
symptoms following hip fracture were at a considerably
increased risk of not returning to their baseline physical
function [12].

Several studies have identified prognostic factors for
depression or depressive symptoms after hip fracture
[13-15]. These prognostic factor studies investigate
which characteristics are associated with changes in de-
pressive symptoms or the occurrence of new-onset de-
pression [16]. The purpose of such studies is to gain a
better understanding of the disease process and to define
risk groups based on outcome prognosis [17]. This
would enable the development of new interventions or
quality improvement initiatives targeting modifiable
prognostic factors and/or stratified approaches to care
for non-modifiable prognostic factors [16] . In addition,
while a given factor may not be modifiable, the proposed
underlying mechanisms for its association with the out-
come may be modifiable [18], further informing inter-
ventions and quality improvement initiatives.

To date, there has been no attempt to synthesise the
evidence on prognostic factors of depression or depres-
sive symptoms after hip fracture or to assess the under-
lying mechanisms for the association between these
factors and depression or depressive symptoms. This is
important as an understanding of the extent and nature
of prognostic factors of depression or depressive symp-
toms could help to inform future approaches to optimise
recovery after hip fracture. Therefore, this review aims
to identify prognostic factors of depression or depressive
symptoms up to 1 year after hip fracture surgery in adult
patients. The secondary aim is to summarise the pro-
posed underlying mechanisms for their association with
depression or depressive symptoms.

Methods

The protocol for this systematic review is registered on
the International Prospective Register of Systematic Re-
views (PROSPERO: CRD42019138690).

Eligibility criteria
This review included studies of prognostic factors for
depression or depressive symptoms in adults over the
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age of 18 who have undergone surgery for a non-
pathological hip fracture. We adopted an inclusive ap-
proach to eligibility with exclusions limited to children
(those below the age of 18 years), those treated for a
pathological fracture, and those treated conservatively.
No geographical, language or date limits were applied.

Search strategy

Databases were searched to identify relevant published
(MEDLINE, Embase, PsychInfo, CINAHL, Web of Sci-
ence Core Collection) and unpublished (OpenGrey,
Greynet and Bielefeld Academic Search Engine (BASE)
and conference proceedings) studies from inception to
9th November 2020. Reference lists of included studies
were reviewed for any further relevant studies. The
search strategy was developed using previously published
search terms and synonyms identified in the search
strategies of published Cochrane reviews conducted on
hip fractures and depression [19-22], terminology used
in NICE guidelines, through the MeSH database and
Ovid MEDLINE subject heading function. The search
strategy also included the published recommended
search strategy for identifying prognostic factor studies
(Supplementary File 1) [23].

Study selection

References were exported into Covidence for deduplica-
tion and screening [24]. Two reviewers screened the ti-
tles and abstracts independently and then carried out
full-text screening against the eligibility criteria. Con-
flicts were resolved by consensus or by a third author if
consensus could not be reached.

Data extraction

Three authors extracted data for all included studies in-
dependently using the modified Checklist for critical Ap-
praisal and data extraction for systematic Reviews of
prediction Modelling Studies, adapted for use with prog-
nostic factors studies (CHARMS-PF checklist) [25]. In-
formation extracted included the authors’ names,
publication year, study dates, setting and design, time-
points definitions, outcomes, prognostic factors informa-
tion, sample size, analysis methods, and results data.
Data on the proposed underlying mechanisms for re-
ported associations were also extracted. Any disagree-
ments during this stage were resolved by consensus. If
any information was missing or incomplete, an attempt
was made to contact the study authors to retrieve the
missing data.

Quality appraisal

Three authors assessed the methodological quality of all
included studies independently using the refined QUality
In Prognosis Studies (QUIPS) appraisal tool. QUIPS is a
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six-domain checklist used to assess risk of bias in prog-
nostic factor studies (at the study level) [26]. The do-
mains are study participation, study attrition, prognostic
factor measurement, outcome measurement, study con-
founding and statistical analysis and reporting. Grading
of each domain consisted of three options: high, moder-
ate, or low risk of bias. Disagreements in risk of bias
judgements were resolved by consensus.

Analysis

We evaluated the data extraction table for homogeneity
between studies. There was substantial heterogeneity in
study design, prognostic factors investigated, and their
methods of measurements, study timepoints, methods of
analysis and reporting of results. Therefore, conducting
a meta-analysis was not possible. We reported the re-
sults in a narrative synthesis using text, figures, and ta-
bles [27]. We organised factors according to whether
they related to the patient or care structures and pro-
cesses, and their proposed underlying mechanisms.

Results

Study selection

We identified 3402 studies from five databases, 462 of
which were duplicates. During title/abstract and full-text
screening, 2915 studies were excluded. On full text re-
view we excluded studies by population where control
groups who had not suffered a hip fracture were used
and the results were limited to comparisons between
those with and without hip fracture and where the sam-
ple included any patient who sustained fall-related injur-
ies to any limb (n =4), study design as the level of
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depression in patients with cognitive impairments was
investigated rather than the prognostic factors of depres-
sion or depressive symptoms and the study was of cross-
sectional design (n =2), outcome; where outcomes in-
cluded the effect of ageing on immunity, the prognosis
of mental disorders, the impact and cause of depression
after hip fracture, functional recovery and the prognosis
of outcomes in those with depression after hip fracture
(n =5), and timing when follow up times were up to 2
years after discharge and 3years after hospitalisation
(n =2). Therefore, 12 studies were included in this re-
view. Study selection is summarised in Fig. 1.

Study characteristics and measures of depression

Characteristics of each study are summarised in Table 1
below. This review included 12 studies consisting of
2642 patients. The sample size ranged from 23 [32] to
570 [14], with a median sample size of 146. The mean
age of patients ranged from 76.2 [32] - 81.8 [13] years.
Depression or depressive symptoms were measured
using the Depression Anxiety Stress Scale in one study
[28], the Montgomery- Asberg Depression Rating Scale
in three studies [15, 30, 35], Structured Clinical Inter-
view for DSM-IV disorders (SCID-IV) in two studies
[15, 32], the Geriatric Depression Scale — Short Form
(GDS-SF) in one study [29], the Geriatric Depression
Scale in three studies [31, 34, 35], the Geriatric Depres-
sion Scale-Chinese version in two studies [10, 33], the
Hamilton Depression Rating Scale (Ham-D) in two stud-
ies [13, 32], Primary Care Evaluation of Mental Disor-
ders in one study [13] and the Hospital Anxiety and
Depression Scale (HADS) in two studies [14, 35].
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Baseline timepoints (where reported) ranged from on
admission [29] to prior to discharge [10, 13, 32, 33] or
22 days post-hip fracture [34]. Follow up time points
ranged from 1-week post-surgery [30] to 12 months after
hip fracture/surgery [10, 14, 30, 31, 33, 34].

Risk of bias in studies

The quality of the studies included in this review was vari-
able, with 10 of 12 studies at high risk of bias in at least
one domain and no study at low risk of bias across all do-
mains (Table 2). Three out of the 12 studies were at mod-
erate risk of bias for study participation [28—30], while the
other nine studies were at low risk of bias [10, 13—-15, 31—
35]. Five studies were at high risk of bias for study attrition
[15, 28-30, 34], four studies were judged to be at moder-
ate risk [14, 31, 33, 35], and the others deemed to be at
low risk of bias [10, 13, 32]. One study [29] was judged to
be at high risk of bias for prognostic factor measurement,
six out of the 12 studies were at moderate risk of bias [10,
15, 28, 33-35], and the remaining five studies were at low
risk [13, 14, 30-32]. One study was at high risk of bias for
outcome measurement [29], with all other studies deemed
at low risk. Study confounding had the highest risk of bias
overall, with seven studies being high risk [10, 14, 15, 29,
30, 32, 35], two studies were at moderate risk of bias [28,
33] and three studies at low risk [13, 31, 34]. Statistical
analysis and reporting were at high risk of bias in five
studies [10, 29, 32—34], moderate risk in five studies [13,
15, 30, 31, 35] and two studies were judged to be at low
risk of bias [14, 28]. Detailed rationale for each risk of bias
assignment is presented in Supplementary File 2.

Prognostic factors

A total of 37 prognostic factors were investigated across
the 12 studies included in this review (Table 3). Most
studies did not identify a primary prognostic factor of
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interest (rather reporting on multiple factors from one
model). Lenze [32] was the only study to identify a pri-
mary prognostic factor reporting a positive association
between Genotype —5-HTTLPR and depression or de-
pressive symptoms after hip fracture. Factors explored
by more than one study included age [13-15, 30], gen-
der [13-15, 29, 30], cognitive status [13, 15, 29], comor-
bidities [13, 15, 31, 33], fracture type [13, 14], anxiety
[15, 35], pain [15, 28, 35], residence status [14, 29], social
support [13, 15, 29, 30], stress [15, 28], activities of daily
living [15, 29, 31, 33], mobility [14, 15, 28, 35] and func-
tion [13, 35]. Four authors were contacted for additional
information however this additional information was not
available (n =2), or the authors did not respond to our
request (n = 2).

Patient-related factors
Twelve studies explored 35 factors relating to patient char-
acteristics. Four factors were accompanied by a proposed
underlying mechanism for their reported association.
Apathy [13], anxiety [15, 35], discharge location [14],
inflammatory cytokines [34], personal control beliefs
[28], current smoking status [15], negative affect [30],
American Society of Anaesthesiologists (ASA) [14], history
of depression [15], antidepressant use [15], and pre-fracture
frailty [14] were positively associated with depression or de-
pressive symptoms after hip fracture. Delirium [13], hope-
lessness [28], fear of falling [35], chronic illness [30],
executive function [13], memory [13], pre-fracture health
status [14], education [30] and fracture type [13, 14] were
not associated with depression or depressive symptoms
after hip fracture. Four studies reported no association be-
tween age and depression or depressive symptoms after hip
fracture [13-15, 30]. There was no positive association re-
ported between residence status and depression or depres-
sive symptoms after hip fracture investigated by two studies

Table 2 Results of Quality Appraisal using the Quality In Prognosis Studies (QUIPS) Tool Summary

Author, year Study Study Prognostic factor ~ Outcome Study Statistical analysis/
participation  attrition measurement measurement  confounding  reporting
Bruggeman 2007, Australia [28] moderate high moderate low moderate Low
Cristancho 2016, USA [15] low high moderate low high moderate
Deng, 2005, Taiwan [29] low high high high high high
Langer 2015, USA [30] moderate high low low high moderate
Lenze, 2007, USA [13] low low low low moderate moderate
Lenze, 2008, USA [31] low moderate low low low moderate
Lenze, 2005, USA [32] low low low low high high
Liu 2018, Taiwan [33] low moderate  moderate low moderate high
Matheny, 2011, USA [34] low high moderate low low high
Shyu 2009, Taiwan [10] low low moderate low high high
Van der Ree, 2020, Netherlands [14] low moderate low low high low
Voshaar 2007, the Netherlands [35] low moderate moderate low high moderate
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[14, 29]. There was conflicting evidence for an association
between pain and depression or depressive symptoms after
hip fracture, two studies reporting a positive association
[28, 35] and one study reporting no association [15]. Simi-
larly, two studies reported conflicting evidence for a positive
association between stress and depression or depressive
symptoms after hip fracture [15, 28]. Three studies reported
no association between lack of social support and depres-
sive symptoms after hip fracture [13, 29, 30].

In contrast, one study reported low social support was
associated with depression or depressive symptoms in
hip fracture patients [15]. One study reported an associ-
ation between lower performances of activities of daily
living and depression or depressive symptoms after hip
fracture (measured using the Chinese version of the
Barthel Index) [33]. Another study reported an associ-
ation between lower performances of activities of daily
living and instrumental activities of daily living (mea-
sured using the Chinese version of the Barthel Index and
the Instrumental activities of daily living scale (IADLs))
with depression or depressive symptoms after hip frac-
ture [29], while two studies reported no association [15,
31]. These studies measured activities of daily living and
instrumental activities of daily living using Basic activ-
ities of daily living (BADLs) and IADLs scales [15] and
the Lower extremity Physical activities of daily living and
IADLs scales [31] respectively. One study reported an
association [14] and three reported no association [15,
28, 35] between reduced mobility and depression or de-
pressive symptoms after hip fracture. Two studies re-
ported no association between lower function (measured
by Functional Independence Measure, gait test (the time
and number of steps taken in a 4-m walk) and the func-
tional reach test) and depression or depressive symp-
toms after hip fracture [13, 35].

There were further inconsistent findings for the associ-
ation between gender, comorbidities and pre-fracture resi-
dence and depression or depressive symptoms after hip
fracture. Four studies reported no association between
gender and depression or depressive symptoms after hip
fracture [13-15, 30]. In contrast, Deng reported women
were five times more likely to have depression or depres-
sive symptoms than men [29]. Four studies investigated
the association between comorbidities and depressive
symptoms [13, 15, 31, 33]. One study reported an associ-
ation suggesting patients with more comorbidities were
more likely to be in the higher risk group for depression
or depressive symptoms than those with less comorbidi-
ties [33]. Three studies reported no association between a
lower cognitive status and depressive symptoms [13, 15,
29]. Two studies reported an association between the
presence of genotypes 5SHTR1A and 5-HTTLPR [31, 32]
and no association between 5SHTR2A [31] and depression
or depressive symptoms after hip fracture.
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Underlying mechanisms Most studies did not propose
an underlying mechanism for the association between
their prognostic factor/s of interest and depression or
depressive symptoms after hip fracture. Lenze [31] re-
ported 5SHTR1A was predictive of depressive symptoms
due to the interaction between genetics and social-
environmental stressors. Deng [29] proposed the role
shift from caregiver to care-receiver resulting in feelings
of conflict between their physical ability and social ex-
pectations, as a potential mechanism for their reported
association between gender and depression or depressive
symptoms. Matheny [34] proposed an underlying mech-
anism that the increased cytokines may indicate a
chronic sickness syndrome or due to the transient
stimulation of these cytokines by physical and psycho-
logical stressors for their reported association between
social support and depression or depressive symptoms.
A proposed mechanism of the association between social
support and depression or depressive symptoms after
hip fracture is an extensive social network may have a
protective role in times of distress [30].

Process/structure-related factors

Three studies explored factors related to care processes
or structures [13-15]. Two studies investigated the asso-
ciation between a longer length of stay [13, 14] and de-
pression or depressive symptoms after hip fracture.
Lenze [13] reported no association between length of
stay and depression or depressive symptoms after hip
fracture. In contrast, van de Ree [14] reported a longer
length of hospital stay was associated with depression or
depressive symptoms in the year after hip fracture. The
type of surgery was not associated with depression or
depressive symptoms in one study (39% of participants
received prosthetic joint surgery, other types of surgery
are not described) [13]. In contrast, in the study by Cris-
tancho [15], implant type was associated with depression
or depressive symptoms whereby patients who had a
sliding hip screw and intramedullary nail were more
likely to develop depression or depressive symptoms
compared to patients who had an internal fixation with
screws [15]. No study proposed an underlying mechan-
ism for the association between these factors and de-
pression or depressive symptoms after hip fracture.
Figure 2 shows all prognostic factors investigated and
whether an association was reported with depression or
depressive symptoms.

Discussion

We identified 37 prognostic factors of depression or de-
pressive symptoms after hip fracture surgery across 12
studies. Most studies investigated patient factors, with
only a few related to care process or structure factors.
Few studies proposed an underlying mechanism for the
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reported association. For factors assessed by more than
one study, there was often conflicting evidence which
may be attributed to the heterogeneity of the studies.
Synthesis of the study’s results was challenging due to
heterogeneity in study design, methods of assessments
for the prognostic factors and depression or depressive
symptoms, time points evaluated, and the prognostic
factors investigated. Therefore, identifying which prog-
nostic factors are the strongest predictors of depression
or depressive symptoms after hip fracture surgery was
not possible. This was further compounded by the lack
of studies explicitly defining their primary prognostic
factor. This approach introduces the phenomenon
known as the “Table 2 fallacy” [36], where the effect esti-
mates of secondary prognostic factors are inappropri-
ately interpreted alongside the estimates of the primary
prognostic factor. This may lead to an overestimation of
the association between these secondary prognostic fac-
tors and outcomes as models are likely insufficient to
control for confounding of secondary factors associated
with the outcome. Further, the prognostic factors taken
into consideration are often highly correlated, and one
factor may work as a proxy for another. Analysing such
factors together may render a factor unimportant, yet in

another study where no correlated factors were consid-
ered, the same factor may be important.

Only three studies were deemed to be at low risk of bias
for attrition. An additional concern related to attrition was
a failure to report the extent of missing data across several
studies [13, 28, 32, 33]. Missing data can lead to invalid
conclusions due to a reduction in the study’s statistical
power, representativeness of the study sample, and bias in
the estimations made [37]. For the current review, the rate
of attrition likely increased with the severity of depressive
symptoms and therefore data is likely not missing at ran-
dom [38]. This presents challenges for analysis as com-
mon missing data techniques (e.g., imputation) are not
appropriate for data not missing at random but the esti-
mate of the effect may be biased due to the missingness
[39]. This limits the generalizability of the prognostic fac-
tors identified to those with more severe depression/de-
pressive symptoms.

The current review highlights a dearth of evidence inves-
tigating structures or processes of care. A longer length of
stay was identified as a prognostic factor for depressive
symptoms in the first year after hip fracture. It has previ-
ously been shown that depression can increase a patient’s
length of hospital stay after hip fracture surgery [40]. This
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potentially indicates a bi-directional relationship in which
experiencing depressive symptoms increases a patient’s
length of stay as well as a longer length of stay being a pre-
dictor of depressive symptoms after hip fracture surgery.
However, the association was disputed by Lenze [13], and
therefore this relationship warrants further study. Similarly,
inconsistency in the evidence for an association between
surgery type and depression or depressive symptoms was
reported [13, 15]. All studies failed to propose an under-
lying mechanism for putative associations between struc-
tures, processes, and depression or depressive symptoms.
Failure to identify a plausible underlying mechanism could
result in observing a statistical association in the absence of
causation.

Most studies identified patient factors associated with
depression or depressive symptoms after hip fracture.
For example, one study reported the inflammatory cyto-
kines interleukin-6 (IL-6) and tumour necrosis factor-
alpha (sTNF-aR1) were associated with depressive symp-
toms 1 year after hip fracture [34]. These inflammatory
markers are also associated with adverse outcomes post-
operatively, such as complications [41]. These unfavour-
able outcomes may be what leads to depressive
symptoms in hip fracture patients postoperatively. IL-6,
a pro-inflammatory marker, is involved in the disease
progression of osteoarthritis [42]. While no therapies
targeting IL-6 pathway inhibitors in individuals with
osteoarthritis have been developed, the antibody toci-
lizumab is an effective treatment in certain conditions
when IL-6 levels are increased [42]. Future research into
therapies blocking the pro-inflammatory cytokines IL-6
and sTNF-aR1 in hip fracture patients may provide an
intervention which influences the development of de-
pression or depressive symptoms after hip fracture.
There were inconsistencies between studies on whether
pain was associated with depression or depressive symp-
toms after hip fracture. This difference may be due to
the variations in end points. The two studies which
found an association followed-up at 3 weeks [28] and up
to 6 months [35] compared to the study that did not
find an association that followed up to a year after base-
line [15]. Acute pain has previously been associated with
depression this may explain the differences in findings
[43]. We noted that some prognostic factors were modi-
fiable and are therefore amenable to change through
intervention which in turn leads to improvements in pa-
tient’s quality of care.

Most factors we identified were non-modifiable fac-
tors. Understanding such factors allow healthcare profes-
sionals to stratify patients according to their risk of
depression or depressive symptoms after hip fracture
[44]. For example, the G allele of the 5SHTR1A poly-
morphism, a serotonin receptor, is associated with de-
pressive symptoms 1 year after hip fracture in the older
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population. Due to the connection between genetics and
socio-environmental stressors, this association was not
examined in-depth by the authors. Future research fo-
cusing on this may aid in establishing whether specific
genotypes are predictive of depression or depressive
symptoms after hip fracture enabling targeted interven-
tion for individuals with these genotypes. Pre fracture
frailty is also associated with depression after hip frac-
ture. Previous literature demonstrates that the presence
of either frailty or depression increases the prevalence
and incidence of the other [45]. Therefore, stratifying in-
dividuals after hip fracture surgery by frailty status al-
lows those most at risk of developing depression to
receive specialised management.

Several predictors identified by this review are them-
selves depressive symptoms namely personal control,
hopelessness, negative affect, apathy, and anxiety. Here it
was noted that anxiety [15, 35] and negative affect [30]
were predictors of more severe depressive episodes as
measured by the Montgomery—Asberg Depression Rat-
ing Scale, and apathy [13] was predictive of minor de-
pressive disorders. One study reported a positive
association for personal control and no association for
hopelessness with depressive symptoms as measured by
the Depression, Anxiety and Stress Scale [28]. This is
somewhat surprising given both personal control and
hopelessness are considered related and symptoms of
depression [46, 47]. Indeed, a lack of personal control
often leads to feelings of hopelessness and subsequent
clinical depression [48, 49]. The surprising result may be
due to the poor methodological quality of the study
which was at moderate to high risk of bias across five of
six QUIPS domains. Alternatively, the findings may sug-
gest certain depressive symptoms may be related to the
severity of specific depressive subtypes. For example, the
hopelessness theory of depression hypothesizes the nega-
tive causal attribution made by individuals in response
to adverse life events creates a sense of hopelessness,
which can lead to a distinct cognitively mediated subtype
of depression, hopelessness depression [47]. It is possible
the Depression, Anxiety and Stress Scale may not be
sensitive to this subtype.

Previous literature shows that anxiety and apathy often
coexist in complex relationships but are distinct entities
[50, 51]. In the general population, the coexistence of
general anxiety with depressive symptoms is significant,
as is the confounding effect the presence of one has on
the other [50]. There is also an overlap between the phe-
nomena of apathy and depression or depressive symp-
toms [51]. However, the extent to which outcome
measures for depression or depressive symptoms are
sensitive to this has been discussed in the literature [52].
Previous studies have shown measures of these factors
are highly correlated with depression in multiple
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populations [52]. Therefore, it may not be possible to
state whether true anxiety and apathy are prognostic fac-
tors of depression or depressive symptoms in this
review.

Strengths and limitations

In this review, screening of published and unpublished
literature using broad eligibility criteria (including no
language restrictions), data extraction, and quality ap-
praisal were completed in duplicate, reducing the risk of
bias. We did not search for registered ongoing studies,
which may have led to underestimating the extent of
prognostic factors. We employed the Quality In Progno-
sis Studies (QUIPS) tool for the quality assessments. The
tool recommends reviewers give an overall risk of bias
judgement to studies by deciding the most important
domain a priori; the assigned judgement for these spe-
cific domains is then used to determine the overall study
risk of bias [53]. However, this may potentially lead to
bias as the selection of the most important domains is
subjective as there is no literature on which domains are
the most significant [54]. We, therefore, did not provide
a judgement on the overall risk of bias. We were not
able to perform quantitative synthesis due to insufficient
data; this limited our ability to provide a scientifically
rigorous summary of the results [55]. We also adopted
broad eligibility criteria and did not set a minimum sam-
ple size. This led to the inclusion of studies of varying
methodological quality, including those with a small
sample size. These studies have poor precision in their
estimates due to the small sample, which further limits
our ability to draw conclusions from the results.

We employed a broad definition of depression and/or
depressive symptoms in our eligibility criteria to identify
all potentially relevant literature. However, it is possible
factors prognostic of depressive symptoms may/may not
be prognostic of a clinical diagnosis of depression. This
may have led to an overestimation or an underestima-
tion of the extent of relevant prognostic factors. Add-
itionally, two studies [15, 30] appear to be from the
same population (unable to confirm with authors) which
may have led to an overestimation of the number of
studies reporting no association between age or gender
and depression/depressive symptoms after hip fracture.

We did not perform a quantitative synthesis due to in-
sufficient data. This decision was made following review
of data extraction. We identified 14 prognostic factors
that were reported by more than one study. For each of
these factors, no study explicitly identified a primary
prognostic factor of interest and associated appropriate
potential confounders, rather interpreting multiple effect
estimates from one regression model. As previously spe-
cified, this approach is not recommended [36] due to
risk of bias known as the Table 2 Fallacy [36].
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Unfortunately, for seven prognostic factors, the multivari-
able analysis was not accompanied by univariable analyses
for each prognostic factor limiting the potential for meta-
analysis from univariable results. Where univariable ana-
lysis was reported, there was heterogeneity in factor meas-
urement e.g., length of stay was measured by surgical [13]
and by total length of stay [14] or outcome measurement
e.g., comorbidities as a prognostic factor of depressive
symptoms [31] and of major depressive disorders [15] or
in effect estimates e.g., linear regression [33] and logistic
regression [29] to evaluate the prognostic association be-
tween activities of daily living and depressive symptoms,
and insufficient crude data provided to generate new com-
parable estimates. Therefore, we did not deem the evi-
dence sufficiently homogenous to warrant exploration
with quantitative synthesis. This limited our ability to pro-
vide a more rigorous summary of the results [55].

This review focused on those with hip fracture, there-
fore the results may not be generalisable to the older
adult population. We excluded studies with a non-hip
fracture control group where the study’s results were
limited to comparisons between those with and without
hip fracture. We took this approach so the results could
be directly applied to the hip fracture population how-
ever, this may have led to an underestimation of the
number of predictors. Further, we did not include data
from outcome measures whose sub-components may in-
clude questions related to depressive symptoms e.g., EQ-
5D. This may have led to an underestimation of the ex-
tent to which prognostic factors of depression or depres-
sive symptoms after hip fracture have been explored in
the available literature.

Conclusions

The current review identified 37 prognostic factors of de-
pression or depressive symptoms after hip fracture surgery
across 12 studies. Where factors were investigated by more
than one study, there was often conflicting evidence and no
proposed mechanism for the reported associations. It is
therefore not possible to make any clinical recommenda-
tions based on the available evidence. Further high-quality
research investigating prognostic factors is warranted to in-
form future intervention and/or stratified approaches to
care after hip fracture.
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