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Abstract

Background: Some studies associate frailty and postoperative mortality in hip or knee replacement patients, and
others have explored the relationship between the frailty index and changes in postoperative mortality in hip or knee
replacement patients, but their findings are not consistent. This meta-analysis and systematic review aimed to pool
the results of existing studies to explore whether frailty is an independent risk factor for postoperative mortality in
patients with lower limb arthroplasty (including hip or knee arthroplasty).

Methods: On December 15,2021, we searched the relevant articles from the PubMed, Embase, Medline (via Ovid),
China National Knowledge Infrastructure (CNKI) and Wan Fang Med Online databases. We used the Newcastle-
Ottawa Scale (NOS) to assess the quality of the articles that met the exclusion and inclusion criteria. R Studio was
used to analyze the effect sizes (based on the random model integration) on the extracted data. Meanwhile, potential
publication bias and sensibility analysis were performed.

Results: We included seven studies, which included a total of 460,594 patients, for quantitative analysis. Overall,
frailty increased the risk of mortality in lower limb arthroplasty patients compared to those without frailty, as meas-
ured by a pooled risk ratio (RR) of 2.46 (95% confidence interval [Cl]: 1.81-3.33). Additionally, subgroup analysis based
on population revealed that the pooled RRs for total knee arthroplasty (TKA) patients in three studies and total hip
arthroplasty (THA) patients in four studies were 2.61 (95% Cl: 2.26-3.02) and 3.18 (95% Cl: 1.92-5.28), respectively, for
TKA patients in three studies and THA patients in four studies. Additionally, these statistically significant positive asso-
ciations persisted in subgroup analyses by study design, geographic region, and follow-up period.

Conclusion: Frailty is an independent risk factor for postoperative mortality in patients undergoing lower limb
arthroplasty, according to our findings. This suggests that frailty may be a predictor of preoperative risk stratifica-
tion for patients with such elective surgery and could alert doctors and nurses of early screening and medical care
interventions in patients with such a need for surgery to reduce postoperative mortality in lower limb arthroplasty
patients.
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Background
Lower limb arthroplasty, including hip or knee replace-
ment, is the most common elective inpatient noncar-
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total hip arthroplasty (THA) is expected to exceed
572,000 procedures in the United States by 2030, and pri-
mary total knee arthroplasty (TKA) is expected to exceed
3,480,000 procedures per year [2]. In China, the number
of artificial joint replacement operations in 1995 was
20,000 to 30,000 [3], increased to 680,000 in 2018, and
increased at a rate of 20% per year [4]. Approximately 60%
of orthopedic surgery patients in China undergo THA
annually, and the number of operations has increased
year by year [5]. While lower limb arthroplasty is typi-
cally safe [6, 7], cost-effective, and improves patient qual-
ity of life [8, 9], it does carry a risk of significant adverse
events (AEs), including pulmonary embolism and death
[9, 10]. Increased age on its own is a significant predictor
of poor postoperative outcomes after lower limb arthro-
plasty [10, 11]. However, age does not adequately account
for the changes in outcome experienced by surgical
patients [12]. One factor that could explain this change is
frailty. However, the results of lower limb arthroplasty in
physiologically frail individuals are unclear.

Frailty is a broad manifestation of susceptibility to
adverse outcomes due to the accumulation of age- and
disease-related problems across multiple domains [13,
14]. Frailty increases the risk of mortality and adverse
health outcomes [13, 15, 16] due to a person’s vulnerabil-
ity to stressors [14]. Frail individuals, regardless of their
actual age, are more susceptible to stressors such as sur-
gery, increasing their risk of adverse outcomes. Numer-
ous studies have examined the association between frailty
and postoperative mortality in patients with lower limb
arthroplasty, with the majority demonstrating a clear link
between increasing frailty and poor outcomes [17-21].
There was no correlation between frailty and mortality
in individuals with lower limb arthroplasty in two trials
[22, 23]. Numerous studies have attempted to establish
a link between the frailty index and mortality [24—-28].
We believe that it is critical to synthesize the evidence on
this critical topic. The purpose of this study was to pool
data from previous studies to determine whether frailty
is an independent risk factor for postoperative mortality
in patients undergoing lower limb arthroplasty (including
hip or knee arthroplasty) to provide clinicians and nurses
with evidence-based recommendations.

Methods

This meta-analysis adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses State-
ment guidelines (PRISMA). Our protocol has been regis-
tered with PROSPERO (CRD42022303102).

Search strategy
Five databases were searched independently by two
authors (YFB, XYS) from database conception to 14:00 on
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15 December 2021: PubMed, Embase, Medline (through
Ovid), China National Knowledge Infrastructure (CNKI),
and Wan Fang Med Online. Additionally, we combined
keywords with medical subject headers (MeSH). The
search strategy was as follows: ((Knee Arthroplasty) OR
(Total Knee Arthroplasty) OR (“Arthroplasty, Replace-
ment, Knee”[Mesh]) OR (Total Knee replacement) OR
(Hip Arthroplasty) OR (Total Hip Arthroplasty) OR
(Total Hip replacement) OR (“Arthroplasty, Replacement,
Hip”[Mesh])) AND ((frail*) OR (“frailty” [Mesh])). Addi-
tionally, we attempted to locate relevant studies through
references and conducted a Google search for gray lit-
erature. Supplementary file 1 contains a detailed search
strategy for PubMed.

Inclusion and exclusion criteria

We included all observational studies examining the links
between frailty and mortality in patients undergoing
lower limb arthroplasty. We eliminated commentaries,
reviews, conference proceedings, correspondence, edi-
torials, letters to the editor, and case reports. Addition-
ally, we retained five papers that detailed the outcomes of
studies that used frailty scores as continuous variables.

Study selection process

Following the storage of all relevant papers in the appro-
priate format, two writers screened articles using End-
note software (Clarivate Analytics, USA). First, duplicate
articles were deleted using Endnote software’s functional-
ity and then swiftly perused the article’s title and abstract
section, eventually discovering entire texts that satisfied
the inclusion and exclusion criteria. When a contentious
piece was met, the third author was included in the deci-
sion-making process.

Data extraction

The two authors (YFB and XMZ) separately retrieved
the papers’ basic information and several characteristics
associated with frailty and mortality (such as tools to
assess frailty, effect size, etc.). When two authors disa-
greed about the extracted content, the third author ren-
dered the decision. Table 1 contains the retrieved data in
detail.

Quality assessment

Two authors (YFB and XMZ) assessed quality bias using
the Newcastle—Ottawa Scale (NOS), a commonly used
tool for cohort studies. This scale assigns a numerical
value to the study’s quality based on how many stars it
receives. The overall assessment scale varied from 0 to 9,
with more stars indicating a higher-quality study. Quality
is classified as poor (0—4), moderate (5-7), or high (> 7).
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Statistical analysis

Two independent writers (YFB and JML) retrieved and
assessed the effect sizes (hazard ratios and risk ratios)
associated with frailty and mortality using Microsoft
Excel. The heterogeneity between studies was denoted
by P and discovered using Cochran’s Q test. The thresh-
old for significance in the category of heterogeneity was
defined as F>50% and IP<50%. Due to the variabil-
ity of the study design and the frailty assessment scale,
we calculated effect sizes using both fixed and random
effect models. Then, the most appropriate model was
selected for calculating and summarizing the relative risk
of frailty and mortality with a 95% confidence interval.
Additionally, subgroup analyses were conducted accord-
ing to demographics, geographic region, study design,
follow-up time, and frailty evaluation scales. Cone plots
were used to undertake publication bias and sensitivity
assessments.

Search results and study characteristics
We found 887 relevant articles from the PubMed (214),
Embase (356), Medline (156), CNKI (81) and Wan Fang
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(80) databases. After deleting duplicates with Endnote
software, 719 articles remained. Two writers reviewed
the titles and abstracts of the publications included in
the study to determine which were most closely linked
to the study. There are still 82 articles left to qualify for
a more detailed assessment. Therefore, after reading the
full text, seven studies were included in the quantitative
analysis, and five studies were included in the description
analysis. Each of the twelve studies discussed above met
the predefined inclusion and exclusion criteria. Figure 1
illustrates the specific reasons for exclusion.

Five studies involving 304,926 participants examined
the association between frailty and mortality. Seven
investigations measured the association between frailty
and mortality, involving a total of 460,594 participants
(shown in Table 1). Overall, through the investiga-
tor including patients in the full-age group, the aver-
age patient age in most studies remained older than
65years. Three studies [20, 22, 24] were prospective
cohort studies, whereas the remaining six were retro-
spective cohort studies [17-19, 21-23, 25-28]. The
countries represented ranged from the United States
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to Europe, with eight in the United States [17, 20, 21,
24-28], one in the United Kingdom [22], one in Den-
mark [23], and two in Canada [18, 19]. All these studies
were conducted in hospital settings [17-28]. The preva-
lence of frailty ranged from 3.1 to 37.4%. Most studies
reported on in-hospital mortality, with one reporting
on 30-day mortality, three reporting on 90-day mor-
tality, and three reporting on 1-year mortality. Canada
[18] had the largest sample size of 202,980 patients,
while Denmark [23] had the smallest sample size of
284 individuals. Six studies [21, 23, 25—28] utilized the
modified frailty index (mFI) to assess frailty, one used
the electronic frailty index (eFI) [22], three used the
frailty index [17, 20, 24], and two used the Johns Hop-
kins adjusted clinical groups frailty-defining diagnostic
indicator (ACG) [18, 19].

Meta-analysis of the mortality effects of frailty

To make the results more reliable, we followed the
study of the relevant researchers in the statistical field
[29, 30], unifying the risk ratio (RR) values and the haz-
ard ratio (HR) values, both converted to risk ratio (RR)
values.

Because the risk ratio (RR) values do not obey a nor-
mal distribution, to make the data more stable and
weaken the model heteroscedasticity and collinearity,
the RR values and confidence intervals are taken as a
natural logarithm before merging the calculation.

The meta-analysis included seven studies, of which
two focused exclusively on operation methods. For the
calculations, we consider these to be distinct studies.
The pooled RR value was 2.46 (95% confidence inter-
val [CI]: 1.81-3.33) for frail patients versus those with
lower limb arthroplasty who were not frail, indicating
that frailty can be an independent predictor of mortal-
ity in patients with lower limb arthroplasty (Fig. 2).
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Subgroup analysis was conducted using data from various

populations

Two studies examined the association between frailty and
mortality in patients undergoing lower limb arthroplasty
(including THA and TKA) (pooled RR=1.43, 95% confi-
dence interval [CI]: 1.13-1.80). In isolation, TKA patients
who were frail had a 2.61-fold increased risk of mortal-
ity compared to no frail patients (pooled RR=2.61, 95%
CL 2.26-3.02; three studies). Meanwhile, THA patients
who were frail had a 3.18-fold increased risk of mortality
compared to patients who were not frail (assessed in four
studies, pooled RR=3.18, 95% confidence interval [CI]:
1.92-5.28) (Fig. 3).

Subgroup analysis was conducted using a variety of frailty
assessment scales

By comparing the frailty index (FI) to another tool, we
were able to perform a subgroup analysis of the frailty
assessment tool. Because different researchers chose dif-
ferent frailty indexes, such as the modified frailty index
and electronic frailty index, we merged different types
of frailty indexes into a group. When five studies using
FI were pooled, the pooled relative risk of frailty among
patients who died was 2.07 (95% confidence interval [CI]:
1.21-3.54). Another four studies that used ACG to assess
frailty had a pooled RR of 3.03 (95% CI: 2.49-3.68), as
shown in Fig. 4.

Analysis of subgroups according to study design,
geographic region, and type of follow-up

Seven of the studies were RCS, and the remaining studies
were PCS; hence, we performed a subgroup analysis by
research type. Across cohort studies, the findings dem-
onstrated a statistically significant link between frailty
and mortality (RR=2.40, 95% CI: 1.79-3.21). Similar
findings were observed in the prospective cohort study

Study TE seTE Risk Ratio RR 95%—-Cl Weight
Laursen 2021 0.20 0.1665 T 1.22 [0.88;1.69] 11.1%
Schwartz 2021 1.04 0.1331 = 2.84 [2.19;3.69] 11.6%
R.L Johnson 2018 1.71 0.2709 i —+— 555 [3.26;9.44] 9.1%
Mclsaac D. | 2016 1.21 0.0873 = 3.35 [2.82;3.97] 12.2%
Mclsaac D. | 2016 0.87 0.1292 . N 2.38 [1.85;3.07] 11.6%
Mclsaac 2016 1.30 0.0808 - 3.68 [3.14;4.31] 12.2%
Mclsaac 2016 0.97 0.1223 = 2.65 [2.09;3.37] 11.7%
Ferguson 2021 0.29 0.3114 — 1.33 [0.72;2.45] 8.4%
Johnson 2021 0.44 0.1028 = 1.56 [1.28;1.91] 12.0%
Random effects model = 2.46 [1.81; 3.33] 100.0%
Heterogeneity: /2 = 91%, 7 = 0.1906, p < 0.01 ' T '

02 05 1 2 5

Fig. 2 Meta-analysis of the effects of frailty on mortality among lower limb arthroplasty patients
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Fig. 3 Meta-analysis of the effects of frailty on mortality based on different population

Study TE seTE Risk Ratio RR 95%-CI Weight
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Fig. 4 Meta-analysis of the effects of frailty on mortality based on different assessment tools

(RR=2.74, 95% confidence interval [CI]: 0.68-11.11), as
illustrated in Fig. 5.

Additionally, we conducted a subgroup analysis by
geographical region. The results indicated that the

associations were stronger in the United States of
America (3 studies) and Canada (4 studies) than in
Europe (2 studies). Patients who are frail suffer pro-
gressively excess mortality compared to patients who
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Johnson 2021 0.44 0.1028 - 1.56 [1.28; 1.91] 12.0%
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Fig. 5 Meta-analysis of the effects of frailty on mortality based on different study design

are not frail following lower limb arthroplasty (shown Quality assessment

in Fig. 6). According to the Newcastle-Ottawa Scale’s criteria,
Additionally, subgroup analysis using follow-up data the majority of research scored seven stars, while three

revealed that there was no change in the link between scored eight (Table 2).

frailty and mortality (shown in Fig. 7).

Study TE seTE Risk Ratio RR 95%-Cl Weight
Laursen 2021 0.20 0.1665 1| 122 [0.88: 169] 111%
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Fig. 6 Meta-analysis of the effects of frailty on mortality based on different geographic region
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Fig. 7 Meta-analysis of the effects of frailty on mortality based on follow-up

Analyses of sensitivity and probable publication bias
Begg’s test was used to examine whether there was any
potential bias in publishing, and the results indicated
that there was none (p=0.2971). (Shown in Supplemen-
tal Fig. 1 and Fig. 2). Additionally, we performed a leave-
one-out sensitivity analysis, which demonstrated that
our study was steady and robust (shown in Supplement
Fig. 3).

Discussion

We discovered that lower limb arthroplasty patients
who were frail had a greater risk of mortality than
those who were not frail and that this risk increased
in lockstep with the rising frailty index. Additionally,
this fatality risk is unrelated to the study’s design, geo-
graphic location, or other variables. This finding implies
that frailty may be a risk factor (or a predictive factor)
for postoperative mortality in individuals undergoing
lower limb arthroplasty. It can provide theoretical sup-
port for clinicians to predict postoperative mortality
in lower limb arthroplasty patients and to use a frailty
index to assess stratified high-risk inpatients and to
remind physicians and nurses to pay more attention to
such patients. This is the first meta-analysis that we are
aware of that examines the association between disabil-
ity and mortality in lower limb arthroplasty patients.
Given the aging of the population, the number of future
patients undergoing lower limb arthroplasty surgery is
likely to increase year after year, and frailty screening
can assist clinicians in developing a complete predictive

tool for forecasting mortality and commencing early
intervention to ameliorate frailty syndrome in terms of
reducing mortality in lower limb arthroplasty patients.
Lower limb arthroplasty is an elective procedure that is
only performed on medically healthy patients who are
surgically fit. The association between frailty and poor
outcomes emphasizes the fact that frailty assesses areas
that are not covered by routine preoperative medical
examination.

Most of the articles included in this study focused
on outcomes that occurred 90days to 1lyear after sur-
gery. While immediate effects are critical, lower limb
arthroplasty is intended to be a long-term strategy that
improves pain and function in the long term. As a result,
it will be critical to discover long-term, patient-centered,
clinically meaningful postoperative outcomes associated
with frailty, as well as the possibility that preoperative
frailty may be connected with long-term postoperative
health-related quality of life [31].

Five articles included the frailty index as a continuous
variable to explore the increased mortality of patients for
each 1-point increase in the frailty index. All the results
showed a stepped increase in patient mortality with the
frailty index [24—28]. All their studies ended with 30-day
mortality, and although we currently see an associated
outcome, we still need more studies that extend the
observation period to determine whether this outcome is
stable.

Although various prior studies have explored the
processes behind the correlation between frailty and
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mortality, this association remains unsolved due to the
presence of multiple complex components. Numerous
explanations are possible. First, frail patients with more
vulnerable conditions demonstrate a variety of visible
deficits, such as decreased physical reserve, chronic mal-
nutrition, and cognitive impairment, all of which raise
the risk of undesirable consequences when patients are
exposed to substantial negative stress, such as surgery.
Second, fragile processes that involve chronic inflamma-
tory and proinflammatory cytokines, such as C-reactive
protein or interleukin-6, increased the chance of patients
dying postoperatively. Additional study is necessary to
gain a better understanding of the frailty process and to
assist physicians in initiating early intervention.

When the frailty index and other frailty evaluation
measures were applied, our subgroup analysis demon-
strated that debilitating can be an independent predic-
tor of mortality risk. Numerous vulnerability assessment
tools have been implemented in a variety of contexts,
each with its own set of benefits and drawbacks. The
best vulnerability score screening procedure should be
simple, sensitive, and accessible. We discover that the
frailty index (35 items) and its several versions, such as
the modified frailty index and electronic frailty index, are
quite dependable when used to assess frailty. However,
we must keep in mind that some critical frailty evalua-
tion techniques, such as the clinical frailty scale (CES),
have not been used for lower limb arthroplasty patients
in relevant studies, which may alter the outcomes of the
examination of subgroups utilizing the frailty assessment
method. Additionally, other subgroup studies utilizing
different designs and countries produced equivalent find-
ings, demonstrating that the relationship between frailty
and mortality is constant and persistent in patients with
lower limb arthroplasty.

There are certain advantages and disadvantages to
our systematic review and meta-analysis. To our knowl-
edge, this is the first meta-analysis study to encompass
460,594 participants and to employ a comprehensive
analysis approach to investigate the link between frailty
and mortality in lower limb arthroplasty patients.
Our work may contribute to resolving the debate
over whether frailty can be used to stratify lower limb
arthroplasty patients. Our findings imply that, on its
own, frailty is a substantial predictor of survival. There
are, however, significant limits, and we should proceed
with caution when drawing conclusions. First, there
are two studies that combine TKA and THA patients,
and future trials should focus exclusively on TKA and
TKA patients, as these populations differ significantly.
Patients undergoing TKA are typically younger, have
a higher BMI and are more likely to be female [32],
which may explain why fragile therapies have thus far
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concentrated on THA. Second, there is no gold stand-
ard for vulnerability; a 2016 evaluation revealed 79
distinct vulnerability assessment methods, and recent
studies frequently suggest new definitions and assess-
ment techniques [33]. By establishing a standard, con-
sistent paradigm for implementing vulnerability, we
may not only differentiate vulnerability from related
concepts such as comorbidities but also improve cross-
validation between diseases and populations.

Conclusion

This systematic review and meta-analysis summarize the
evidence for the effect of frailty on mortality in lower limb
arthroplasty patients, indicating that frailty is associated
with an increased risk of mortality in lower limb arthro-
plasty patients compared to no frail lower limb arthro-
plasty patients and that this association is independent
of factors such as geographical region and study design.
In addition, mortality in lower limb arthroplasty patients
increased with the frailty index. In general, frailty screen-
ing may assist clinicians in stratifying risk categories in
older lower limb arthroplasty patients, hence assisting
clinical healthcare professionals in managing and bal-
ancing patient interests and risks. As a result, this group
requires diverse and effective medical treatment or inter-
ventions to prevent patient mortality.

Abbreviations

CNKI: China National Knowledge Infrastructure; NOS: Newcastle—Ottawa
Scale; RR: Risk ratio; Cl: Confidence interval; TKA: Total knee arthroplasty;; THA:
Total hip arthroplasty; mFl: Modified frailty index; eFl: Electronic frailty index;;
Fl: Frailty index; ACG: Johns Hopkins adjusted clinical groups frailty-defining
diagnostic indicator; HR: Hazard ratio; CFS: Clinical frailty scale.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-022-03369-w.

Additional file 1: Supplement Fig. 1. Publication bias was reported
using the Begg test.

Additional file 2: Supplement Fig. 2. Publication bias was reported
using the funnel graph.

Additional file 3: Supplement Fig. 3. Graph of sensitivity analysis.

Acknowledgments
The authors sincerely thank all staff of the Nursing Department of Peking
Union Medical College.

Authors’ contributions

XJW and JC were responsible for the concept and design. YFB helped design

the study and drafted the initial manuscript. YFB and XYS were responsible for
screening and selecting the articles. YFB and XMZ extracted all the raw data and
were responsible for assessing the quality of the bias. YFB and JML completed the
data analysis. All the authors have read and approved the manuscript.

Funding
This work was supported by Peking Union Medical College Hospital Research
Fund (ZC201900516).


https://doi.org/10.1186/s12877-022-03369-w
https://doi.org/10.1186/s12877-022-03369-w

Bai et al. BMC Geriatrics

(2022) 22:702

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author(s) declare no competing interests.

Received: 26 February 2022 Accepted: 4 August 2022
Published online: 24 August 2022

References

1.

2.

OECD. Hip and knee replacement. In: Health at a glance: Europe 2012
OECD publishing; 2012. p. 10-3.

Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and
revision hip and knee arthroplasty in the United States from 2005 to
2030. J Bone Joint Surg Am. 2007;89(4):780-5. https://doi.org/10.2106/
JBJS.F00222.

Zhang C. Clinical study on the related safety of total hip replacement
(doctoral dissertation, Zhengzhou University); 2016. https://kns-cnki-
net-443.webvpn.cams.cn/KCMS/detail/detail aspx?dbname=CDFDLAST2
017&filename=1017001549.nh

Zhou Z. Focus problems of blood management and thrombosis preven-
tion during joint replacement. J Clin Surg. 2019;27(4):287-9. https://doi.
0rg/10.3969/j.issn.1005-6483.2019.04.005.

Guo S,Wang C, Cai S, Zheng D, Feng F, Qin Q, et al. The effect of early off-
bed activity on reducing complications after artificial total hip replace-
ment. China Nurs Manag. 2018;02:272-7. https://doi.org/10.3969/j.issn.
1672-1756.2018.02.028.

NIH Consensus Panel. NIH consensus statement on total knee replace-
ment December 8-10, 2003. J Bone Joint Surg. 2004;86(6):1328-35.
https://doi.org/10.2106/00004623-200406000-00031.

NIH consensus conference: Total hip replacement. NIH consensus devel-
opment panel on Total hip replacement. JAMA. 1995;273(24):1950-6.
Daigle ME, Weinstein AM, Katz JN, Losina E. The cost-effectiveness of total
joint arthroplasty: a systematic review of published literature. Best Pract
Res Clin Rheumatol. 2012,26(5):649-58. https://doi.org/10.1016/j.berh.
2012.07.013.

Hamel MB, Toth M, Legedza A, Rosen MP. Joint replacement surgery in
elderly patients with severe osteoarthritis of the hip or knee: decision
making, postoperative recovery, and clinical outcomes. Arch Int Med.
2008;168(13):1430-40. https://doi.org/10.1001/archinte.168.13.1430.
Belmont PJ Jr, Goodman GP, Waterman BR, Bader JO, Schoenfeld AJ.
Thirty-day postoperative complications and mortality following total
knee arthroplasty: incidence and risk factors among a national sample of
15,321 patients. J Bone Joint Surg Am. 2014;96(1):20-6. https://doi.org/
10.2106/JBJS.M.00018.

. Easterlin MC, Chang DG, Talamini M, Chang DC. Older age increases

short-term surgical complications after primary knee arthroplasty.

Clin Orthop Relat Res. 2013;471(8):2611-20. https://doi.org/10.1007/
511999-013-2985-8.

Oresanya LB, Lyons WL, Finlayson E. Preoperative assessment of the older
patient: a narrative review. JAMA. 2014;311(20):2110-20. https://doi.org/
10.1001/jama.2014.4573.

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell

I, et al. A global clinical measure of fitness and frailty in elderly people.
CMAJ. 2005;173(5):489-95. https://doi.org/10.1503/cmaj.050051.

Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the
concepts of disability, frailty, and comorbidity: implications for improved
targeting and care. J Gerontol Ser A Biol Sci Med Sci. 2004;59(3):255-63.
https://doi.org/10.1093/gerona/59.3.m255.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 11 of 12

. Theou O, Brothers TD, Mitnitski A, Rockwood K. Operationalization of

frailty using eight commonly used scales and comparison of their ability
to predict all-cause mortality. J Am Geriatr Soc. 2013;61(9):1537-51.
https://doi.org/10.1111/jgs.12420.

. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty

in community-dwelling older persons: a systematic review. J Am Geriatr
Soc. 2012;60(8):1487-92. https://doi.org/10.1111/].1532-5415.2012.
04054 .x.

. Johnson RL, Frank RD, Abdel MP, Habermann EB, Chamberlain AM, Man-

tilla CB. Frailty transitions one year after Total joint arthroplasty: a cohort
study. J Arthroplast. 2022;37(1):10-18.e2. https://doi.org/10.1016/j.arth.
2021.08.022.

. Mclsaac DI, Bryson GL, van Walraven C. Association of Frailty and 1-year

postoperative mortality following major elective noncardiac surgery: a
population-based cohort study. JAMA Surg. 2016;151(6):538-45. https://
doi.org/10.1001/jamasurg.2015.5085.

. Mclsaac DI, Beaulé PE, Bryson GL, Van Walraven C. The impact of frailty on

outcomes and healthcare resource usage after total joint arthroplasty:

a population-based cohort study. Bone Joint J. 2016;98-B(6):799-805.
https://doi.org/10.1302/0301-620X.98B6.37124.

Johnson RL, Abdel MP, Frank RD, Chamberlain AM, Habermann EB, Man-
tilla CB. Impact of frailty on outcomes after primary and revision Total hip
arthroplasty. J Arthroplast. 2019;34(1):56-64. 5. https://doi.org/10.1016/].
arth.2018.09.078.

Schwartz AM, Wilson JM, Farley KX, Bradbury TL Jr, Guild GN 3rd. Concom-
itant malnutrition and frailty are uncommon, but significant risk factors
for mortality and complication following primary Total knee arthroplasty.
J Arthroplast. 2020;35(10):2878-85. https://doi.org/10.1016/j.arth.2020.05.
062.

Ferguson R, Prieto-Alhambra D, Peat G, Delmestri A, Jordan KP, Strauss VY,
et al. Does pre-existing morbidity influences risks and benefits of total
hip replacement for osteoarthritis: a prospective study of 6682 patients
from linked national datasets in England. BMJ Open. 2021;11(9):e046712.
https://doi.org/10.1136/bmjopen-2020-046712.

Laursen CC, Meyhoff CS, Petersen TS, Jimenez-Solem E, Sgrensen A, Lunn
TH. Fatal outcome and intensive care unit admission after total hip and
knee arthroplasty: an analytic of preoperative frailty and comorbidities.
Acta Anaesthesiol Scand. 2021;65(10):1390-6. https://doi.org/10.1111/
aas.13950.

Johnson RL, Habermann EB, Johnson MQ, Abdel MP, Chamberlain AM,
Mantilla CB. How is surgical risk best assessed? A cohort comparison of
measures in Total joint arthroplasty. J Arthroplast. 2021;36(3):851-856.€3.
https://doi.org/10.1016/j.arth.2020.09.046.

Runner RP, Bellamy JL, Vu C, Erens GA, Schenker ML, Guild GN 3rd. Modi-
fied frailty index is an effective risk assessment tool in primary Total knee
arthroplasty. J Arthroplast. 2017;32(9S):5177-82. https://doi.org/10.1016/].
arth.2017.03.046.

Shin JI, Keswani A, Lovy AJ, Moucha CS. Simplified frailty index as a
predictor of adverse outcomes in Total hip and knee arthroplasty. J
Arthroplast. 2016;31(11):2389-94. https://doi.org/10.1016/j.arth.2016.04.
020.

Traven SA, Reeves RA, Sekar MG, Slone HS, Walton ZJ. New 5-factor
modified frailty index predicts morbidity and mortality in primary hip
and knee arthroplasty. J Arthroplast. 2019;34(1):140-4. https://doi.org/10.
1016/j.arth.2018.09.040.

Traven SA, Reeves RA, Slone HS, Walton ZJ. Frailty predicts medical
complications, length of stay, readmission, and mortality in revision hip
and knee arthroplasty. J Arthroplast. 2019;34(7):1412-6. https://doi.org/
10.1016/j.arth.2019.02.060.

VanderWeele TJ. On a square-root transformation of the odds ratio for a
common outcome. Epidemiology (Cambridge, Mass). 2017,28(6):e58-60.
https://doi.org/10.1097/EDE.0000000000000733.

Shor E, Roelfs D, Vang ZM. The "Hispanic mortality paradox" revis-
ited: meta-analysis and meta-regression of life-course differentials
in Latin American and Caribbean immigrants’ mortality. Soc Sci
Med. 2017;1982(186):20-33. https://doi.org/10.1016/j.socscimed.
2017.05.049.

Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY. Health-related
quality of life in total hip and total knee arthroplasty. A qualitative and
systematic review of the literature. J Bone Joint Surg Am. 2004;86(5):963—
74. https://doi.org/10.2106/00004623-200405000-00012.


https://doi.org/10.2106/JBJS.F.00222
https://doi.org/10.2106/JBJS.F.00222
https://doi.org/10.3969/j.issn.1005-6483.2019.04.005
https://doi.org/10.3969/j.issn.1005-6483.2019.04.005
https://doi.org/10.3969/j.issn.1672-1756.2018.02.028
https://doi.org/10.3969/j.issn.1672-1756.2018.02.028
https://doi.org/10.2106/00004623-200406000-00031
https://doi.org/10.1016/j.berh.2012.07.013
https://doi.org/10.1016/j.berh.2012.07.013
https://doi.org/10.1001/archinte.168.13.1430
https://doi.org/10.2106/JBJS.M.00018
https://doi.org/10.2106/JBJS.M.00018
https://doi.org/10.1007/s11999-013-2985-8
https://doi.org/10.1007/s11999-013-2985-8
https://doi.org/10.1001/jama.2014.4573
https://doi.org/10.1001/jama.2014.4573
https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1093/gerona/59.3.m255
https://doi.org/10.1111/jgs.12420
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1016/j.arth.2021.08.022
https://doi.org/10.1016/j.arth.2021.08.022
https://doi.org/10.1001/jamasurg.2015.5085
https://doi.org/10.1001/jamasurg.2015.5085
https://doi.org/10.1302/0301-620X.98B6.37124
https://doi.org/10.1016/j.arth.2018.09.078
https://doi.org/10.1016/j.arth.2018.09.078
https://doi.org/10.1016/j.arth.2020.05.062
https://doi.org/10.1016/j.arth.2020.05.062
https://doi.org/10.1136/bmjopen-2020-046712
https://doi.org/10.1111/aas.13950
https://doi.org/10.1111/aas.13950
https://doi.org/10.1016/j.arth.2020.09.046
https://doi.org/10.1016/j.arth.2017.03.046
https://doi.org/10.1016/j.arth.2017.03.046
https://doi.org/10.1016/j.arth.2016.04.020
https://doi.org/10.1016/j.arth.2016.04.020
https://doi.org/10.1016/j.arth.2018.09.040
https://doi.org/10.1016/j.arth.2018.09.040
https://doi.org/10.1016/j.arth.2019.02.060
https://doi.org/10.1016/j.arth.2019.02.060
https://doi.org/10.1097/EDE.0000000000000733
https://doi.org/10.1016/j.socscimed.2017.05.049
https://doi.org/10.1016/j.socscimed.2017.05.049
https://doi.org/10.2106/00004623-200405000-00012

Bai et al. BMC Geriatrics (2022) 22:702

32. Ravi B, Croxford R, Reichmann WM, Losina E, Katz JN, Hawker GA. The
changing demographics of total joint arthroplasty recipients in the
United States and Ontario from 2001 to 2007. Best Pract Res Clin Rheu-
matol. 2012;26(5):637-47. https://doi.org/10.1016/j.berh.2012.07.014.

33. Azzopardi RV, Vermeiren S, Gorus E, Habbig AK, Petrovic M, Van Den
Noortgate N, et al. Linking frailty instruments to the international clas-
sification of functioning, disability, and health: a systematic review. J Am
Med Direct Assoc. 2016;17(11):1066.e1-1066.e11. https://doi.org/10.
1016/jjamda.2016.07.023.

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

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.berh.2012.07.014
https://doi.org/10.1016/j.jamda.2016.07.023
https://doi.org/10.1016/j.jamda.2016.07.023

	The association between frailty and mortality among lower limb arthroplasty patients: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Study selection process
	Data extraction
	Quality assessment
	Statistical analysis
	Search results and study characteristics
	Meta-analysis of the mortality effects of frailty
	Subgroup analysis was conducted using data from various populations
	Subgroup analysis was conducted using a variety of frailty assessment scales
	Analysis of subgroups according to study design, geographic region, and type of follow-up
	Quality assessment
	Analyses of sensitivity and probable publication bias

	Discussion
	Conclusion
	Acknowledgments
	References


