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Abstract

Background Hip fracture is a common but devastating disease with a high mortality rate in the older adult popula-
tion. C-reactive protein (CRP) is a predictor of the prognosis in many diseases, but its correlations with patient out-
comes following hip fracture surgery remain unclear. In this meta-analysis, we investigated the correlation between
perioperative CRP level and postoperative mortality in patients undergoing hip fracture surgery.

Methods PubMed, Embase, and Scopus were searched for relevant studies published before September 2022.
Observational studies investigating the correlation between perioperative CRP level and postoperative mortality in
patients with hip fracture were included. The differences in CRP levels between the survivors and nonsurvivors follow-
ing hip fracture surgery were measured with mean differences (MDs) and 95% confidence intervals (Cls).

Results Fourteen prospective and retrospective cohort studies comprising 3986 patients with hip fracture were
included in the meta-analysis. Both the preoperative and postoperative CRP levels were significantly higher in the
death group than in the survival group when the follow-up duration was > 6 months (MD: 0.67, 95% Cl: 0.37-0.98,
P<0.0001; MD: 1.26, 95% Cl: 0.87-1.65, P<0.00001, respectively). Preoperative CRP levels were significantly higher in
the death group than in the survival group when the follow-up duration was < 30 days (MD: 1.49, 95% Cl: 0.29-2.68;
P=0.01).

Conclusions Both higher preoperative and postoperative CRP levels were correlated with higher risk of mortality fol-
lowing hip fracture surgery, suggesting the prognostic role of CRP. Further studies are warranted to confirm the ability
of CRP to predict postoperative mortality in patients with hip fracture.
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Background

Hip fracture is a common but devastating disease in the
older adult population. Although the incidence varies in
different places, the correlation between advanced age
and higher incidence has been observed in every race
[1]. With increases in life expectancy and the size of the
older adult population, studies have projected an increas-
ing annual incidence of hip fracture from 1.26—-1.66 mil-
lion in 1990 to 4.50—6.26 million in 2050 [2, 3]. Therefore,
hip fracture, which incurs considerable costs due to long
periods of hospitalization and rehabilitation, imposes a
major burden on public health systems [4].

Hip fractures can be categorized into extracapsular and
intracapsular fractures, and different intervention strat-
egies would be adopted based on the fracture types [5].
Displaced and unstable femoral neck fractures account
for the majority of intracapsular fractures; surgical inter-
ventions such as hemiarthroplasty are often required [6].
For extracapsular fractures, implants including intramed-
ullary nail and dynamic hip screw are chosen and applied
depending on the integrity of lateral femur wall [5].
Despite the advances in the knowledge of surgical tech-
niques and patient care in recent decades, the mortality
rate in the first year following hip fracture surgery still
remains high (13-36%), which indicates hip fracture as a
threat to the vulnerable older adult population [7-10]. A
reliable method for predicting prognosis is essential for
distributing limited medical resources and exploring the
pathophysiology underlying this considerable mortality.

Studies have identified numerous factors for predict-
ing mortality following hip fracture surgery, including
advanced age, male sex, and multiple comorbidities [9,
11, 12]. Inflammation is also a potential predictor of post-
operative mortality in patients undergoing hip fracture
surgery. Several biomarkers and indices based on such
biomarkers that are used to assess inflammation—includ-
ing interleukin-6 level, the neutrophil-to-lymphocyte
ratio, and the systemic immune-inflammation index—
have been reported to be correlated with postoperative
mortality in patients with hip fracture [13-15].

C-reactive protein (CRP) is a widely used, easily gath-
ered, and sensitive biomarker for detecting inflammation
in clinical practice. Some studies have reported CRP to
be an independent prognostic predictor for COVID-19
and numerous types of cancer [16, 17]. Regarding the
prognostic role of CRP in hip fracture, numerous studies
have reported a correlation between higher perioperative
CRP level and higher mortality rate in patients following
hip fracture surgery [18-20]; however, some studies did
not report such a correlation [21, 22]. No consensus has
been reached on the correlation between CRP and hip
fracture mortality.
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Considering the limited and inconclusive state of the
literature, we performed a meta-analysis to explore
the correlation of CRP with postoperative mortality in
patients undergoing hip fracture surgery. We hypothe-
sized that a higher perioperative CRP level was correlated
with higher short- and long-term mortality rates follow-
ing hip fracture surgery.

Methods

Study design and identification of eligible studies

This study was performed in compliance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses statement [23]. Two main reviewers (Y.-C.L. and
B.-K.C.) comprehensively searched the PubMed, Embase,
and Scopus databases for relevant studies published
before September 2022. The following search keywords
were employed: (“c-reactive protein” or “CRP”) and
(“hip fracture” or “hip fractures” or “hip fracture mortal-
ity”). No language restrictions were applied. To broaden
the search, the reference lists of relevant studies were
screened, and the “related articles” option in PubMed
was also used. This meta-analysis was registered in the
International Prospective Register of Systematic Reviews
(registration no. CRD42022364365).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) observational
studies with full texts available, (2) observational studies
evaluating the prognostic value of CRP for short- or long-
term postoperative mortality following hip fracture sur-
gery, and (3) studies providing complete CRP data. Hip
fractures have four subtypes classified in accordance with
fracture location, namely femoral head, femoral neck,
intertrochanteric, and subtrochanteric fractures.

The exclusion criteria were as follows: (1) studies
including patients with multiple traumas, fractures, or
pathological fracture, (2) studies including patients who
were suspected to have or received a diagnosis of bac-
terial infection, and (3) studies providing incomplete or
invalid information on CRP and the study endpoint.

Data extraction and appraisal of methodological quality
Two main reviewers (Y.-C.L. and B.-K.C.) independently
identified potentially relevant studies, reviewed the full
texts of the articles, and extracted baseline and outcome
data from either the datasets or figures and tables. The
extracted data included the study timeframe, publication
year, country, study design, models for predicting postop-
erative hip fracture mortality, sample size, mean age, sex
distribution, primary endpoint, and CRP levels of both
the survivors and nonsurvivors following hip fracture
surgery.
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The methodological quality of the included studies was
assessed using the Newcastle—Ottawa scale (NOS) [24].
The NOS comprises three domains, namely selection,
comparability, and outcome, with a total maximum score
of nine. High-quality studies had simultaneous scores of
three or four in the selection domain, one or two in the
comparability domain, and two or three in the outcome
domain. Studies that scored zero or one in the selection
and the outcome domain or zero in the comparabil-
ity domain were regarded as being low quality. The two
reviewers (Y.-C.L. and B.-K.C.) independently evaluated
the methodological quality of the included studies, and
any disagreements were resolved through team discus-
sion with the third reviewer (Y.-P. C.).

Outcomes

The primary outcomes of interest were the correlations
of preoperative or postoperative CRP level with postop-
erative long-term mortality (> 6 months) and short-term
mortality (<30 days) in patients undergoing hip fracture
surgery.

Statistical analysis and data synthesis

The extracted data were meta-analyzed using Review
Manager software (version 5.4; Cochrane Collaboration,
Oxford, United Kingdom). Differences in preoperative
and postoperative CRP levels between nonsurvivors and
survivors were measured using mean differences (MDs)
and 95% confidence intervals (Cls). For studies provid-
ing CRP data in the form of the median with full range
or interquartile range, mathematical conversion to the
mean with standard deviation was performed [25, 26]. A
P value of <0.05 indicated statistical significance. Hetero-
geneity among the included studies was examined using
the Chi-squared test, Cochran’s Q test, and I test. Signif-
icance was set at P<0.1 for the Cochran’s Q test and at />
values of >50% [27]. In the z test for equivalence, P<0.05
indicated significance. Publication bias was evaluated
through Egger’s statistical test, performed using the
Comprehensive Meta-Analysis Software (Biostat, Engle-
wood, NJ, USA).

Results

Figure 1 presents the flowchart of study screening and
selection. The initial search of three databases (Pub-
Med, Embase, and Scopus) yielded 1944 studies. After
the removal of duplicates, 1149 studies were screened
by examining their titles and abstracts, after which 1106
studies were excluded. For the remaining 43 studies,
full-text evaluation was performed. Of these studies, 29
were excluded because full texts were not available for
3 studies, 11 were studies investigating topics than that
of interest, 1 was a comment paper, 1 included patients
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with other types of fracture, 1 did not mention a specific
endpoint, and 12 did not provide complete data on CRP
levels. The remaining 14 studies were included in the
meta-analysis [19-22, 28-37]

Table 1 presents the baseline characteristics of the
included studies. The 14 studies had either a prospec-
tive or retrospective design, comprised 3986 patients in
total, and were published between 2013 and 2022. Ten
studies compared the preoperative or postoperative CRP
levels of death and survival groups for a follow-up dura-
tion of > 6 months [19, 20, 22, 28, 31, 32, 34—37], and four
compared the preoperative CRP levels of the two groups
for a follow-up duration of <30 days [21, 29, 30, 33].

The methodological quality of the included studies was
assessed using the NOS, and the results are presented in
the Additional file 1: Table S1. Of the 14 studies, 12 were
determined to be high quality [19, 21, 22, 28-36] and 2
were regarded as low quality due to poor control for the
baseline characteristics of the enrolled patients [20, 37].

Correlation between preoperative CRP level and long-term
mortality

Eight of the included 14 studies, involving 2361 patients
with hip fracture, compared preoperative CRP levels
between the death and survival groups for a follow-up
duration of>6 months (Fig. 2). Our findings revealed
that preoperative CRP levels were significantly higher in
the death group than in the survival group (MD: 0.67,
95% CI: 0.37-0.98; P<0.0001). Significant heterogene-
ity was observed across the analyzed studies (% 73%,
P<0.05).

Correlation between postoperative CRP level

and long-term mortality

Four of the 14 studies, involving 1255 patients with hip
fracture, compared postoperative CRP levels between
the death and survival groups for a follow-up duration
of > 6 months (Fig. 3). Postoperative CRP levels were sig-
nificantly higher in the death group than in the survival
group (MD: 1.26, 95% CIL: 0.87-1.65; P<0.00001). Low
heterogeneity was detected across the analyzed studies
(I 0%, P=0.49).

Correlation between preoperative CRP level

and short-term mortality

Four of the 14 studies, involving 1238 patients with hip
fracture, compared preoperative CRP levels between
the death and survival groups for a follow-up duration
of <30 days (Fig. 4). Preoperative CRP levels were sig-
nificantly higher in the death group than in the survival
group (MD: 1.49, 95% CI: 0.29-2.68; P=0.01). Low het-
erogeneity was observed across the analyzed studies (/%
20%, P=0.29).
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Fig. 1 PRISMA flowchart of the selection of included studies
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Table 1 Baseline characteristics of the included studies

Author [Year]  Country Design Model Sample size Age (years) Women (n, %) Endpoint
Mean +SD/
median (min-
max)

Long-term mortality (> 6 months)

Azevedo [2017]  Brazil Prospective cohort  Preoperative CRP D: 17 D:829489 D:7,41.2% 6-month mortality
S: 58 S:784+£7.2 S:42,724%
Capkin [2021] Turkey Retrospective Preoperative CRP  D: 58 78744688 D: 25,36.7% 1-year mortality
cohort
S:196 S:124,63.3%
Choi [2021] South Korea Retrospective Postoperative CRP  D: 43 D:825+58 D:27,62.8% 1-year mortality
cohort
S:220 S:800+£7.2 S:163,74.1%
Colino [2018] Spain Prospective cohort  Preoperative CRP D: 118 D:88.1+65 D: 86, 76.9% 1-year mortality
S: 391 S:848+69 S:317,81.1%
Gulin [2015] Croatia Prospective cohort  Preoperative CRP D: 67 D:86.0(82.0-89.0) D:47,70.1% 1-year mortality
S:169 S:79.0(73.0-85.3)  $:130,76.9%
Gumieiro [2013]  Brazil Prospective cohort  Preoperative CRP D: 11 D:825+68 D:8,72.7% 6-month mortality
S S:80.0+7.39 S:54,76.1%
Kim [2016] Korea Retrospective Preoperative CRP D: 109 D:80.2+80 D:73,67% 1-year mortality
cohort
Postoperative CRP  S: 663 S:793+7.1 S: 507, 76.5%
Mcleod [2022]  United Kingdom  Retrospective Preoperative CRP D: 94 D:809+96 D: 70, 74.5% 1-year mortality
cohort
S:235 S:825+100 S:174,74%
Sedlar [2015] Czechia Prospective cohort  Preoperative CRP  D: 64 D:82+38 D:47,734% 5-year mortality
Postoperative CRP  S:40 S:76+8 S: 28, 70%
Zhou [2021] China Retrospective Postoperative CRP  D: 26 N/A D:10,38.5% 1-year mortality
cohort
S:98 S:63,64.3%
Short-term mortality (< 30 days)
Bae [2021] Korea Retrospective Preoperative CRP D: 19 D:825+10.1 D:9,474% Intrahospital
cohort mortality
S: 443 S:740+£163 S:311,70.2%
Balta [2022] Turkey Retrospective Preoperative CRP  D: 30 83.094852 D:19,63.3% 30-day mortality
cohort
S: 135 S:76,56.3%
Cicek [2021] Turkey Retrospective Preoperative CRP  D: 30 D:844+6.2 D:22,733% Intrahospital
cohort mortality
S: 247 S:81.7+£75 S:181,73.3%
Niessen [2018]  Belgium Retrospective Preoperative CRP D: 16 D:853+9.1 N/A Intrahospital
cohort mortality
S:318 S:83.6+74

CRP, C-reactive protein; D, death group; max, maximum; min, minimum; N/A, not available; S, survival group; SD, standard deviation

detected through Egger’s statistical test (¢t=0.632, CRP level was correlated with higher short-term mortal-
P=0.55). ity risk following hip fracture surgery.

Systemic inflammation is a prognostic predictor of
hip fracture. The correlation of the level of CRP, the
most widely used biomarker for detecting inflamma-
tion, with hip fracture mortality has been reported in
numerous observational studies [18—-20]. In our meta-
analysis, those who died following hip fracture exhibited

Discussion

The present meta-analysis demonstrated that both pre-
operative and postoperative CRP levels were correlated
with higher risk of long-term mortality in patients under-
going hip fracture surgery. Furthermore, preoperative
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Death Survival Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight [V. Random. 95% ClI IV. Random. 95% ClI
Azevedo 2017 111134 145508 17 57594 3.421 58 0.2% 5.35(-1.62,12.33]
Capkin 2021 1.213 0.35 58 0886 0189 196 39.6% 0.33(0.23,0.42)
Colino 2018 10192 7.086 118 875 5316 391 4.4% 1.44 (0.06, 2.82)
Gulin 2015 1.0308 0495 67 0.4741 0321 169 38.4% 0.56 (0.43, 0.68) -
Gumieiro 2013 8.314 10.4334 11 5.588 3.4052 7 0.2% 2.73[-3.49,8.94]
Kim 2016 5.4 58 109 31 41 663 6.3% 2.30(1.17,3.43) -
McLeod 2022 2886 4.3073 94 1.6423 29334 235 84% 1.24(0.30, 2.19) =
Sedlar 2015 35 46 64 35 52 40 23% 0.00 [-1.97,1.97] B
Total (95% Cl) 538 1823 100.0% 0.67 [0.37, 0.98] ¢
Heterogeneity: Tau= 0.06; Chi*= 26.34, df= 7 (P = 0.0004); = 73% g - b . b

Test for overall effect: Z= 4.28 (P < 0.0001)

Favours [death] Favours [survival)

Fig. 2 Forest plot of the mean difference in preoperative CRP level between the death and survival groups for a follow-up duration of > 6 months

Death Survival Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Choi 2021 1047 5.81 43 969 493 220 4.4% 0.78 [-1.07, 2.63) ]
Kim 2016 141 74 109 134 6.6 663 7.0% 0.70[-0.78,2.18) N
Sedlar 2015 16 6.6 58 16.3 6.3 38 22% -0.30[-2.93,2.33] = O =
Zhou 2021 5.921 0994 26 4.554 0.879 98 86.4% 1.37[0.95,1.79] .
Total (95% CI) 236 1019 100.0% 1.26 [0.87, 1.65] 2

Heterogeneity: Tau*= 0.00; Chi*= 2.41, df=3 (P = 0.49); F= 0%
Test for overall effect. Z=6.32 (P < 0.00001)

4 -2 0 2 4
Favours [death] Favours [survival

Fig. 3 Forest plot of the mean difference in postoperative CRP level between the death and survival groups for a follow-up duration of > 6 months

Death Survival
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Bae 2021 2.8 35 19 24 3.7 443
Balta 2022 7.54 6.544 30 4205 6.111 135
Cicek 2020 6.47 456 30 483 467 247
Niessen 2018 4719 7.383 16 3.063 5.271 318

Total (95% ClI) 95
Heterogeneity: Tau*= 0.31; Chi*= 3.77, df= 3 (P = 0.29); F= 20%
Test for overall effect. Z= 2.44 (P = 0.01)

37.7%
18.5%
34.0%

9.8%

1143 100.0%
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= ==

Mean Difference

0.40 [-1.21, 2.01]

3.33(0.78, 5.89] ===
1.64 (-0.09, 3.37] -
1.66 [-2.01,5.32) S
1.49[0.29, 2.68] <&

10 -5 0 5 10
Favours [death] Favours [survival]

Fig. 4 Forest plot of the mean difference in preoperative CRP level between the death and survival groups for a follow-up duration of < 30 days

higher levels of CRP preoperatively and postoperatively,
suggesting a higher degree of inflammation during the
perioperative period in these patients. In addition to
CRP, numerous proinflammatory cytokines, biochemical
markers, and indices based on these biomarkers that are
used to assess inflammation have also been reported to
be correlated with mortality following hip fracture [13—
15]. High-severity systemic inflammation may interfere
with healing and recovery from the initial hip injury [38]
and thus cause prolonged physiological stress; moreover,
the presence of long-term, low-grade inflammation may
also correlate with higher incidence of chronic diseases
such as cardiovascular and neurodegenerative diseases
[39, 40]. The aforementioned effect of inflammatory
response on the human body may influence mortality fol-
lowing hip fracture.

Eight of the studies included in this meta-analysis
reported significantly higher mean age in nonsurvivors
who underwent hip fracture surgery in comparison with
survivors (pooled mean age: 85.4 vs. 79.3 years) [20, 22,
28-32, 34], suggesting an effect of age on hip fracture
mortality. Advanced age is a well-established prognostic
factor of hip fracture. Age was also reported to be posi-
tively correlated with CRP level [41]. The mechanism
underlying this phenomenon remains controversial, and
the concept of “inflammaging” has been proposed as an
explanation. In this concept, aging is characterized by
chronic, low-grade inflammatory status; an elevated CRP
level is associated with a prolonged inflammatory process
caused by insufficient clearance of senescent cells and
elevated transcriptional factor NF-kB [42]. In our study,
following hip fracture, nonsurvivors were older and had a
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higher CRP level, suggesting that age may simultaneously
correlate with higher baseline CRP level and higher mor-
tality risk in patients with hip fracture.

In addition to advanced age, nutritional status is
another prognostic predictor of hip fracture [43]. Hypoal-
buminemia is one of the clinical indicators of both poor
nutritional status and inflammation [44]. Of our included
studies, albumin level was provided in 10, and 8 reported
significantly lower albumin levels in nonsurvivors than in
survivors following hip fracture surgery [19, 20, 29-34].
Several studies have also reported that lower albumin
level was correlated with higher mortality risk in patients
with hip fracture [43, 45]. Under inflammation, multiple
proinflammatory cytokines, particularly interleukin-1,
enhance the production of inflammatory reactants in the
liver, including CRP; consequently, the albumin level may
diminish because it is also produced by the liver [46].
This may explain why nonsurvivors of hip fracture in
our meta-analysis simultaneously presented with a lower
albumin level and higher CRP level. In brief, hypoalbu-
minemia may reflect a high degree of systemic inflamma-
tion and relatively poor nutritional status in patients with
hip fracture and thus contribute to higher mortality risk
in patients with this clinical presentation.

Studies have reported cardiovascular diseases to be one
of the predominant causes of death for patients under-
going hip fracture surgery in both short- and long-term
follow-ups [47, 48]. CRP is associated with cardiovas-
cular diseases, constituting an independent risk factor
and prognosis factor [49, 50]. Considering that inflam-
mation is involved in the development of cardiovascular
diseases, CRP may reflect the inflammatory reactions
and the amount and activity of circulating proinflamma-
tory cytokines associated with atherosclerotic processes
[51]; that is, CRP is indirectly linked to cardiovascular
diseases and is considered to be a bystander marker of
vascular inflammation. Furthermore, evidence is accu-
mulating that CRP has a direct role in the development
or occurrence of cardiovascular diseases. CRP is capa-
ble of stimulating the release of proinflammatory fac-
tors and mediating the uptake of low-density lipoprotein
into macrophages, which converts them into foam cells
and leads to atherosclerosis [52]. Additionally, CRP may
promote thrombosis, platelet deposition, and thrombus
growth, contributing to acute cardiovascular events [53].
In summary, patients with hip fracture presenting with a
higher baseline CRP level may be at higher risk of devel-
oping cardiovascular diseases, which leads to a higher
mortality rate compared with that of patients with a
lower baseline CRP level.

In our investigation of the correlation between preop-
erative CRP level and long-term hip fracture mortality,
significant heterogeneity (P 73%, P<0.1) was detected.
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The heterogeneity may be attributable to baseline varia-
tions in the enrolled patients across the analyzed studies,
such as variations in age, comorbidities, fracture type,
surgery type, blood sampling timing in the preoperative
period, and time interval from admission to operation
[54]. In addition, we performed mathematical conver-
sion to obtain adequate CRP data for outcome pooling
for some studies, which may also have affected the results
and thereby the heterogeneity. Despite the high het-
erogeneity, this meta-analysis is currently the first and
the most extensive study investigating the correlation
between CRP level and hip fracture mortality. Our find-
ings suggest the prognostic role of CRP in patients with
hip fracture and its additional applications for orthopedic
surgeons in clinical practice.

Limitations

The limitations of this meta-analysis must be addressed.
First, the number of included studies was small. Second,
the retrospective design of numerous studies included in
this meta-analysis may have introduced potential biases
such as selection bias. Third, many confounding factors
relating to CRP level and hip fracture mortality such as
age, gender, and comorbidities were not adequately con-
trolled for at baseline in some of the included studies,
which may have adversely affected with the results of our
meta-analysis. Fourth, because of insufficient data pro-
vided in the included studies, we could not perform anal-
ysis to obtain the pooled hazard ratio of higher CRP level
and hip fracture mortality or to obtain a pooled CRP cut-
off value with sensitivity and specificity for the prediction
of hip fracture mortality; this may be a future research
direction considering the easy accessibility and wide use
of CRP. Further well-controlled observational studies
are required to clarify the role of CRP as an independ-
ent prognostic predictor of hip fracture and to establish a
cutoff value with acceptable sensitivity and specificity for
clinical practice.

Conclusions

This meta-analysis demonstrated the correlation between
CRP level and postoperative mortality in patients under-
going hip fracture surgery. CRP may be a prognostic
predictor for hip fracture in clinical practice. Further
research is warranted to evaluate the ability of CRP to
predict postoperative mortality in patients with hip
fracture.
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