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Abstract

Introduction: Pneumonia is a serious complication following hip fracture surgery in older people. However, the
prevalence and risk factors of postoperative pneumonia (POP) are not well-established. This study identified pre- and
peri-operative factors associated with the development of POP following hip fracture surgery.

Methods: We searched the Cochrane library, PubMed, and Embase databases for relevant articles published up to June
2021. Studies involving older patients who underwent hip fracture surgery were considered if they detailed the de-
mographic or surgical characteristics of the participants. For all analyses, the pooled odds ratios (ORs) and 95%
confidence intervals (95% Cls) were calculated.

Results: A total of 24 studies (288819 participants) were included. The overall prevalence of POP following hip
fracture surgery was 5.0%. There were 36 risk factors for POP, and the meta-analysis included the five most
common: delayed surgery (OR: 1.84, 95% CI: 1.29-2.63), low serum albumin (OR: 2.34, 95% ClI: .82-6.73), chronic
respiratory diseases (OR: 2.42, 95% CI: 1.82-3.24), increased age (OR: 1.25, 95% CI:1.11-1.40), and male sex (OR:
2.22, 95% CI: 2.00-2.47).

Conclusions: The prevalence of POP was 5.0% following hip fracture surgery in the elderly. Older age, male sex,
chronic respiratory diseases, delayed surgery, and low serum albumin were significant risk factors. Clinicians treating hip
fracture patients must remain be aware of these risk factors.
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Surgery is the best treatment for most hip fractures, but
is associated with a wide range of complications. Surgical
complications, such as wound infection and loss of re-
duction are rare, but, non-surgical complications, such as
delirium, pneumonia, and heart failure, are commonly
encountered.” It has been reported that delirium and
pneumonia are associated with increased mortality after
hip fracture surgery.*

In clinical practice, even with standard therapy and
intensive monitoring, patients with postoperative
pneumonia (POP) have high mortality rates and un-
satisfactory outcome.’ In total, 14% of hip fracture
patients with POP die within 30 days, compared to only
1.7% of those without POP.® Antibiotics are useful for
the treatment of pneumonia, but older hip fracture pa-
tients often have chronic diseases and a reduced ability
to cope with the physiological stress associated with the
fracture.” Therefore, it is important to prevent the oc-
currence of pneumonia and reduce postoperative mor-
tality rates by identifying at-risk patients.

Several studies have reported risk factors for POP,
but there have been no comprehensive evaluations.
Thus, it is necessary to review the results of recently
published research to identify the risk factors. This
meta-analysis aimed to explore the risk factors for the
development of POP in older patients after hip fracture
surgery.

Methods

Data Sources and Search Strategy

We identified relevant studies published in the PubMed,
Embase, and Cochrane Library databases up to June 30,
2021. The search terms were as follows: (risk [Title/
Abstract] OR predictor [Title/Abstract] OR factor [Title/
Abstract]) AND pneumonia [Title/Abstract] AND (hip
[Title/Abstract] OR femur [Title/Abstract]) AND fracture
[Title/Abstract] AND (postoperative [Title/Abstract] OR
surgery [Title/Abstract]).

Study Selection

Two reviewers (KUK and SHL) independently scanned the
titles and abstracts identified by the initial search and
selected potentially relevant studies. Full texts were ob-
tained if the information provided in the title or abstract
met the selection criteria.

Data Extraction

Data extraction was completed by two researchers (KUK and
SHL) working independently, and any disagreements were
resolved by consensus. The following data were extracted from

the included papers: author’s first name, year of publication,
study design, sample size, age cutoffs or mean age, and fully
adjusted odds ratios (ORs), hazard ratios (HRs), and 95%
confidence intervals (95% ClIs) for the identified risk factors or
predictors.

Quality Assessment

The quality of the included studies was assessed using
the Newcastle-Ottawa Scale (NOS) for cohort studies.®
The NOS was developed to assess the quality of non-
randomized studies in three areas: selection of the study
groups (four items); comparability of the groups (two
items); and ascertainment of the exposure variable and
outcome of interest for case-control and cohort studies
respectively (three items). Items judged as adequate
receive a star and one point. Overall NOS scores range
from between 0 and 9; a score >6 represents a high-
quality study.

The overall quality of the evidence for each risk factor
in the pooled analysis was assessed using the Grading of
Recommendations Assessment, Development and Eval-
uation (GRADE) guidelines.’ Each study was assessed in
four domains: limitations, inconsistencies, indirectness,
and imprecision. Based on these domains, the evidence for
each specific outcome was rated as high, moderate, low, or
very low quality.”

Statistical Analysis

Data were analyzed using Review Manager 5.4 (The
Cochrane Collaboration, The Nordic Cochrane Centre,
Copenhagen, Denmark) and R software (3.6.3 for
Windows; RStudio, Boston, MA, USA). For all ana-
lyses, 95% Cls and forest plots were calculated. Sta-
tistical heterogeneity was estimated using the /* statistic.
If I was 20% or more, a random-effects model was used,
and if it was less than 20%, a fixed-effects model was
used. We did not assess publication bias because of the
small number of studies eligible for this meta-analysis;
the Cochrane Handbook for Systematic Reviews of
Interventions (https://training.cochrane.org/handbook)
states that a minimum of 10 studies are required to
perform a publication bias assessment when using
funnel plots.

Results

Search Results and Quality Assessment

A total of 327 studies were identified in the initial
search. After omitting duplicates, 194 studies re-
mained. Of these, 142 were excluded after scanning the
titles and abstracts, and another 28 were excluded after
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Figure |. Flow chart of literature screening.
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Figure 2. The prevalence of postoperative pneumonia with 24 study populations.
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Table I. Characteristics of Included Studies.

Sample

Study Study Design Size

Inclusion Criteria

Identified Risk Factors/Predictors with OR/HR
(95% Cl)

NOS
Score

Bohl et al (2018) Retrospective 29377

Broggi et al (2021) Retrospective 78435

Byun et al (2019) Retrospective 432

Chang et al (2018) Prospective 240

Desai et al (2018)
Ekstrom et al (2015)

Retrospective 16695
Prospective 1915

Higashikawa et al Retrospective 426

(2020)
Lee et al (2019) Retrospective 12 676
Liao et al (2016) Retrospective 2426
Lv et al (2016) Prospective 1429
Meyer et al (2021) Retrospective 14469
Morioka et al (2021) Retrospective 48797
O’Hara et al (2000) Retrospective 9425
Panteli et al (2021) Retrospective 519
Pincus et al (2017) Retrospective 42230

265

218 (mean age 84

>40

Median age 75

Male sex, 2.1 (1.8-2.3) 9
Increased age (290), 1.8 (1.4-2.4)
COPD, 1.8 (1.6-2.1)
BMI (<18.5), 1.7 (1.4-2.0)
Congestive heart failure, 1.5 (1.2-1.9)
Dyspnea on exertion, 1.4 (1.1-1.6)
Functional status, 1.3 (1.2-1.5)
Anemia, 1.2 (1.1-1.4)
Depression (ORIF), 1.19 (1.08-1.30) 7
Depression (IMN), 1.22 (1.10-1.31)
Increased age, 1.075 (1.022-1.130) 9
Low BMI, .872 (.7888-.964)
Longer duration of surgery, 1.011 (1.003-1.020)
Surgical delay, 4.33 (1.701-11.755)
Low albumin, 3.762 (1.568-9.025)
Increased age, 4.44 (1.32-14.98) 8
CVA, 4.50 (1.29-15.75)
Cancer, 4.15 (1.49-11.51)
Low platelet, 2.88 (1.05-7.87)
High glucose, 24.75 (4.70-130.40)
General anesthesia, .94 (.84-1.05) 8
Male sex, 2.7 (1.9-3.8) 9
ASA classification 3-4, 2.5 (1.6-3.7)
Surgical delay, 1.5 (1.0-2.1)
Pulmonary disease, 2.7 (1.9-3.9)
Cognitive dysfunction, 2.4 (1.6-3.6)
Increased age, 1.135 (1.028-1.253) 9
Female sex, .183 (.063-.534)
Low albumin, .251 (.083-.755)
Congestive heart failure, 2.315 (1.326-4.041) 8
COPD, 1.55 (1.03-2.32) 8
Increased age, 7.43 (1.80-30.66)
Male sex, 2.64 (1.83-3.82)
CVD, 2.26 (1.48-3.44)
CVA, 426 (2.93-6.17)
Increased age, 1.639 (1.150-2.334) 9
Male sex, 1.629 (.901-2.946)
Fracture type, 2.564 (1.263-5.207)
Number of comorbidities (23), 4.738 (1.695-
13.245)
Surgical type, 4.112 (1.866-9.062)
Low albumin, 2.299 (1.312-4.030)
High serum creatinine, 2.928 (1.080-7.939)
High RDW, 1.459 (1.097-1.940)
Mechanical ventilation, 1.98 (1.128-3.474)

>60 ASA 4, 3.06 (2.63-3.55) 7
265 Dementia, .95 (.51-1.80) 7
260 General anesthesia, .21 (.87-1.68) 7
Mean age 73.3 CCS 29, 2.02 (1.03-3.95) 8
Asthma/COPD 2.29 (1.37-3.82)
ICU/HDU stay, 3.25 (1.77-5.96)
Length of stay >21, 8.82 (1.18-65.80)
>45 (mean age 80 Surgical delay, 1.27 (1.13-1.43) 8

(continued)
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Table 1. (continued)

Sample Identified Risk Factors/Predictors with OR/HR NOS
Study Study Design Size Inclusion Criteria (95% Cl) Score
Shin et al (2020) Retrospective 1155 >60 Increased age, 1.062 (1.022-1.103) 9
CVD, 2.03 (I.118-3.688)
Low albumin, 2.428 (1.261-4.676)
Shen CY et al (2021) Retrospective 1118 265 Surgical delay, 1.89 (1.10-3.24) 8
Shen Y et al (2021)  Retrospective 965 >60 Frailty status, 2.08 (1.28-3.39) 7
Smektala et al (2008) Prospective 2916 265 Surgical delay, 1.16 (.85-1.58) 8
Vesterager et al Retrospective 19553 265 Lost of pre-fracture CAS, 1.35 (1.09-1.67) 7
(2021)
Wang et al (2020) Retrospective 293 >80 Male sex, 3.402 (1.012-11.439) 9
Low albumin, 10.159 (2.698-38.251)
Oxygen level, 2.916 (1.346-6.316)
Woang et al (2019) Retrospective 720 265 COPD, 3.819 (1.247-11.701) 9
CVA, 3.107 (1.470-6.568)
Low albumin, 5.187 (2.561-10.506)
Surgical delay, 1.076 (1.034-1.119)
Xiang et al (2020) Retrospective 113 265 BMI, .76 (.70-.84) 9
Albumin, .86 (.79-.93)
C-reactive protein, 1.01 (1.00-1.92)
Functional status, 2.94 (1.69-5.10)
Surgical delay, 4.56 (2.64-7.88)
Zhao et al (2020) Prospective 1495 265 Increased age, 2.54 (1.354-4.760) 9

Male sex, 2.15 (1.149-4.017)

Chronic respiratory disease, 5.02 (2.283-
11.043)

Liver disease, 3.39 (1.074-10.675)

Urinary tract infection, 8.46 (1.922-37.193)

CKMB (>20U/L), 2.31 (1.141-4.760)

BNP (275), 4.02 (1.795-9.010)

D-dimer (>2.26 mg/L), 2.69 (1.440-5.006)

full-text review. Thus, 24 studies were finally included
in the analysis Figure 1. The point prevalence of POP in
the 24 individual study populations ranged between
4% and 18.3%, with an overall prevalence of 5.0%
(95% CI: 3.0-7.0). The level of heterogeneity was
high (I* = 99%) Figure 2. The study characteristics
are shown in Table 1. NOS was used to assess the
quality of the included studies. Ten studies scored
9 points, 8 scored 8 points, and 6 scored 7 points.
Details of each included studies assessment are shown
in Supplementary Table 1.

Characteristics of Included Studies

Factors associated with POP reported in the included
studies were age, sex, delayed surgery, chronic respiratory
diseases, serum albumin, cardiovascular diseases, body
mass index (BMI), general anesthesia, ASA score, mo-
bility function, cognitive disorder, congestive heart failure,
functional status, fracture type, anemia, depression, and
duration and type of surgery. The effect sizes of these risk
factors are listed in Table 1.

Risk Factors for Postoperative Pneumonia

There were a total of 36 risk factors, and the meta-analysis
included the five most common ones: age (OR: 1.25, 95%
CI:1.11-1.40), delayed surgery (OR: 1.84, 95% CI: 1.29-
2.63), low serum albumin (OR: 2.34, 95% CI: .82-
6.73), chronic respiratory diseases (OR: 2.42, 95% CI:
1.82-3.24), and male sex (OR: 2.22, 95% CI: 2.00-2.47)
Figure 3,4. According to GRADE, male sex, delayed surgery
and chronic respiratory diseases had moderate-quality evi-
dence, while age and serum albumin had very low and low-
quality evidence, respectively, Table 2.

Discussion

The present study investigated the prevalence and risk
factors for POP following geriatric hip fracture surgery
through a meta-analysis. The prevalence of POP was 5%
among 24 studies; 6 studies reported a prevalence of more
than 10%.7'%'* In particular, one study a very high
prevalence of 18%."" That study was conducted on patients
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A Increased age
Study TE seTE Odds Ratio OR 95%-C1 Weight
Bohl et al (2018) 059 014 |+ 180 [137; 2.36] 11.1%
Byun et al (2019) 0.07 0.03 1 107 [1.02; 113] 26.4%
Chang et al (2018) 149 0,62 |:—-— 4.44 (132, 14.96]  0.9%
Higashikawa et al (2020) 0.13 0,05 L14 [1.03; 1.25] 23.1%
Liao et al (2016) 201 072 ———+—— 7,43 [1.80; 30,66) 0.7%
Lv et al (2016) 0.49 018 - 164 (115 233] 7.8%
Shin KH(2020) [9] 0.06 0.02 | 106 [1.02; 1.10] 27.0%
Zhao K(2020) [11] 083 032 254 [1.35; 4.76] 3.0%
Random effects model 1.25 [1.11; 1.40] 100.0%
Heterogeneity: I" = B3%, «* = 0.0127. p <O°]D‘l 051 2 10
¢ Low serum albumin
Study TE seTE Odds Ratio OR 95%-Cl Weight
Byun et al (2019) 132 045 - 3.76 [L57; 9.02] 165%
Higashikawa et al (2020) -1.38 056  —=—| ° 025 [0.08; 0.76] 15.5%
Shin et al (2020) 089 0.33 —_— 243 [1.26; 4.68] 17.4%
Wang et al (2020) 232 068 —%—— 10,16 [2.70; 38.25] 14.4%
Wang et al (2019) 219 030 % 8.96 [4.99;16.09) 17.6%
Xiang et al (2020) 015 004 086 [0.79; 093] 18.6%
Random effects model e 234 [0.82; 6.73] 100.0%
Heterogeneity: I = 95%, r* = 1.5568, p < 0.01

01 0512 10

B Delayed surgery
Study TE seTE Odds Ratio OR 95%-C1 Weight
Byun et al (2019) 147 0.49 ——%—— 4,33 [1.65,11.38]  8.6%
Ekstrometal (2015)  0.41 0.19 —— 150 [1.04; 217) 18.6%
Pincus et al (2017) 0.24 0.06 + 127 [113; 1.43] 22.7%
Shen CY etal (2021) 0,64 0.28 — 189 [1.10; 3.24] 152%
Smektala et al (2008)  0.15 0.16 - 116 [0.85; 1.58] 19.8%
Xiang et al (2020) 152 0.28 —%— 456 [2.64; 7.88] 15.1%
Random effects model < 1.84 [1.29; 2.63] 100.0%
2 I —
Hete ity 1% = 82%, * = 0.1429, p < 0.01
SRt 7ol 05 1 2 10
D Chronic respiratory diseases
Study TE seTE Odds Ratio OR 95%-C| Weight
Bohl et al (2018) 0.59 0.07 | 180 [L.57; 2.06] 315%
Ekstrometal (2015) 0,99 0.18 - 2.70 [1.88; 3.87] 22.2%
Liao et al (2016) 093 021 e 2.54 [169; 3.81] 203%
Panteli et al (2021) 0.83 0.26 —ii— 2.29 [1.37; 3.82) 164%
Zhao et al (2020) 161 0.40 —#— 502 [2.28,11.04] 9.6%
Random effects model < 2.42 [1.82; 3.24] 100.0%
Heterogeneity: /° = 66%, * = 0,0639, p = 0,02
0.1 05 1 2 10

Figure 3. Factors associated with postoperative pneumonia in a random-effects model.

Study TE seTE Odds Ratio OR 95%-Cl Weight
Bohl et al (2018) 0.74 0.06 : 2.10 [1.86; 2.37] 77.4%
Ekstrom et al (2015) 0.99 0.18 -r'— 2.70 [1.91; 3.82] 9.5%
Higashikawa et al (2020) 1.70 0.55 4+ 546 [1.87;15.94] 1.0%
Liao et al (2016) 0.97 0.19 —-+— 2.64 [1.83; 3.81] 8.5%
Wang et al (2020) 1.22 062 —=—~— 3.40 [1.01;11.44] 0.8%
Zhao et al (2020) 0.77 0.32 — 2,15 [1.15; 4.02) 2.9%
Fixed effect model <:> 2.22 [2.00; 2.47] 100.0%
Heterogeneity: /2 = 18%, 1 = 0.0085, p = 0.30 J ' '

0.1 051 2 10

Figure 4. Factor associated with postoperative pneumonia in a fixed-effects model.

who underwent subtrochanteric fracture surgery, a relatively
high proportion of whom had lung malignancies (6.3%).
Our meta-analysis of five important risk factors re-
vealed that age, male sex, chronic respiratory diseases,
delayed surgery and low serum albumin were all signifi-
cantly associated with the occurrence of POP. Age and sex
are known risk factors for morbidity and mortality after hip
fracture.'” The meta-analysis included 8 studies that an-
alyzed age as a risk factor. Although the age cutoff for high

risk of POP following geriatric hip fracture surgery was
variable, three studies reported that patients aged >80 years
were at a particularly high risk for POP."*'®!7 Further-
more, the risk for POP increases with age, and older pa-
tients who developed POP had longer hospital stays and
higher mortality rates.'® This suggests that the elderly,
especially those over the age of 80 years, are more likely to
develop POP after hip fracture surgery and thus require
special attention. In 6 studies, males were found to be at a
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greater risk for POP after hip fracture despite a higher
incidence of hip fractures in females. This may be ex-
plained by the fact that males tend to have poorer health
and more comorbidities compared to females.'’

We found that delayed surgery was a risk factor for
POP, based on moderate-quality of evidence. Many
studies and guidelines recommend that older hip fracture
patients undergo surgery as soon as possible to reduce
the risk of postoperative complications especially
pneumonia.'® Early surgery leads to early restoration of
motor function and fewer of the complications associ-
ated with bed rest.'® Six papers on surgical delay were
included in our meta-analysis. One study found that a
delay of more than 24 h was associated with an increased
risk of POP, while two others found that a delay of more
than 36 h increased the risk (although in one of these
studies the association lacked statistical significance).
The remaining three studies demonstrated an increased
risk of POP with a delay of more than 48 h. Therefore, it
is important to perform the surgery as soon as possible,
preferably within 48 h, to prevent POP.

Chronic respiratory diseases were also found to be
associated with the risk of POP after hip fracture surgery
in five studies. Four of those studies reported an in-
creased risk with chronic obstructive pulmonary disease
(COPD).>"""1%17 1 one study, COPD patients had higher
rates of postoperative complications, including 30-day
pneumonia, 30-day readmission, 30-day acute respiratory
failure, and 1-year mortality, as well as longer hospital stays.”
Prevention and early management of fractures is important in
COPD patients. Most COPD patients are elderly, smokers,
and oral- or inhaled-steroid users, so the risk of osteoporosis
and fractures is high.? Pharmacologic therapies such as
inhalers are effective for improving lung function and pre-
venting acute COPD exacerbations. Although the effec-
tiveness of inhalers for preventing complications, such as
pneumonia, after hip fracture surgery has not been well
studied, use of an inhaler and chest care after surgery may
help prevent complications after surgery in COPD patients.

Our results demonstrated that a low serum albumin
level was a risk factor for POP after hip fracture surgery.
Serum levels of albumin, a negative acute phase protein
produced in the liver at a rate of 12-25 g/d, reflect nu-
tritional status.”’ Serum albumin concentrations are
influenced by multiple factors, including nutritional
status, liver failure, malignancy, surgical trauma, in-
flammation, comorbidities, and other conditions.??> Low
serum albumin levels may compromise the immune
system.”® Patients with hypoalbuminemia have lower
nutritional reserves and weaker immune systems.'?
Previous studies have reported that preoperative hypo-
albuminemia is a risk factor for postoperative compli-
cations in various types of surgery.>* Malnutrition is
particularly prevalent among the elderly, and is an

independent risk factor for POP after hip fracture sur-
gery.'? Measuring the serum albumin level is a simple
method to assess protein energy malnutrition, which is a
modifiable factor.”> Nutritional supplementation for hy-
poalbuminemia may reduce the incidence of POP in
elderly hip fracture patients.

Our study was the first to analyze the risk factors for POP
in elderly hip fracture patients, through a meta-analysis of
recent studies. However, this study had several limita-
tions. First, although designed as a meta-analysis of el-
derly patients, it also included studies conducted on adult
patients in other age groups. However, in line with hip
fractures occurring mainly in the elderly, the mean age of
the patients in these studies was over 65 years. Second, it
was not possible to determine the cause of POP because
most of the studies did not distinguish between aspiration
pneumonia and other types. Third, we used the original
data from the studies, and confounding factors and bias
caused by basic comorbidities were not fully addressed.
Finally, methodological issues existed for all included
studies that might influence conclusions, and this is es-
pecially the case for included retrospective non-
randomized studies. Furthermore, limitations include the
small number of eligible studies and the significant
heterogeneity between the included studies regarding
outcomes reported. Although the random effect model
was used to address heterogeneity among the studies
evaluated, the conclusions should be carefully
interpreted.

Conclusions

In clinical practice, it is not easy to predict the occurrence
of pneumonia after surgery. Pneumonia is a debilitating
condition in elderly patients, and it is necessary to be aware
of the risk factors to prevent it. Age, male sex, chronic
respiratory diseases, delayed surgery, and a low serum
albumin level are all significant risk factors that must be
taken into account.
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