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Abstract
Pressure injuries (PIs) have now become a common complication of the elderly

patients. Some studies have observed that pressure injuries may increase mortality,

but this area of evidence has not been evaluated and summarised. The aim of this

study was to compare the mortality of patients with pressure injuries and those

without pressure injuries. A meta-analysis of observational studies was performed.

PubMed, Cochrane Library, Embase, and Web of Science were searched up to

April 2019. Studies about mortality among the elderly patients with and without

pressure injuries were included. Methodological quality was assessed by the

Newcastle-Ottawa Scale (NOS). The fixed effect or random effect model was

determined by the test of heterogeneity. The subgroup analysis was performed

based on the pressure injuries stages, the region, and the type of study design. The

meta-regression analysis was performed to investigate the relationship between the

mortality and patients' enrolled year, average age, the incidence of pressure inju-

ries, and gender ratio. The sensitivity analysis was used to explore the impact of an

individual study by excluding one at a time. The hazard ratio (HR) and 95% confi-

dence intervals (CIs) in terms of the comparison of two groups were extracted for

meta-analysis. A survival curve between two groups by individual patient-level

was drew. Eight studies with 5523 elderly patients were included in the analysis.

Follow-up periods for the included studies ranged from about 0.5 to 3 years. The

elderly patients who complicated with pressure injuries had a higher risk of death.

The pooled HR was 1.78 (95% CI 1.46-2.16). A funnel plot showed no publication

bias. Further subgroup analysis showed that HR values for the patient stage 3 to

4 pressure injuries (HR:2.41; 95% CI:1.08-5.37) were higher than stage 1-4 and

2-4 pressure injuries (HR: 1.66; 95% CI: 1.35-2.05; HR: 1.74; 95% CI: 1.16-2.60).

The meta-regression analysis found that patients' enrolled year, average age, the

incidence of pressure injuries, and gender ratio were not the sources of heterogene-

ity. Sensitivity analyses showed that the outcomes of the study did not change after

removing the Onder's article. The survival curve at the individual patient-level also

indicated that patients complicated with pressure injuries significantly increased

the risk of death (HR: 1.958; 95% CI: 1.79-2.14) in elderly patients. Our meta-

analysis indicated that patients complicated with pressure injuries are estimated to
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have a two times higher risk on mortality compared with patients without pressure

injuries during the 3 years follow-up period. Particular attention should be given to

the elderly patients who are at higher risk for mortality.
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1 | INTRODUCTION

Pressure injuries (PIs) are common complications in some
elderly patients, especially in hip fractured elderly and other
patients who have difficulty turning over in bed.1,2 Aljezawi
et al's study showed that the prevalence of PIs among hos-
pitalised patients with cancer was 15.5% and heel PIs were the
most frequent (64.7%).3 The National Pressure Ulcer Advisory
Panel (NPUAP) performed PI testing on 5947 elderly patients
in five European countries. They found that the prevalence of
PIs was 8.3% in Italy, 12.5% in Portugal, and 21% to 22.9% in
Belgium, Sweden, and the United Kingdom.4 Seventy per-
centage of PIs occurred in people over 70 years of age.5

According to the studies of several European and American
countries, the prevalence of hospital PIs ranged from 6% to
25%.4,6 With the advent of population aging and the increase
of life expectancy, PIs are the main problem faced by elderly
people in all medical institutions.7 There is an article showing
that in elderly patients with PIs hospitalised in intensive care
units, the length of hospital stay and the time to use non-
invasive mechanical ventilation were increased.8 There has
been a lot of research on the effect of PIs on elderly patients.
Research by McGinnis et al showed that 75% of elderly
patients with PIs have pain.9 PIs can also reduce the quality of
life and increase medical expenses.10 Annual medical
expenses for the treatment of PIs amounted to $362 million to
$3.3 billion.11 The costs for PI treatment was increased12 and
the treatments of PIs were long-term clinical challenges.13

PIs may cause a more serious hazard, which may increase
the risk of death. Patients with PIs have a poor prognosis.
There are studies highlighted a number of risk factors for PIs
that may be present, such as pain and sedation from medica-
tion, which leads to tissue ischaemia from pressure, lower
blood pressure, and so on.14,15 The guideline of United
Kingdom indicated that all patients were at risk of develop-
ing PIs.16 At the same time, elderly patients complicated
with PIs have a worse prognosis which can accelerate their
death. The mortality in PIs group was more than 50% when
serious infectious complications occur.17 Some small sample
size studies have shown that elderly patients with PIs suffer
from an increased risk of mortality.18 Vanderwee et al4

reported that the odds ratio (OR) for mortality in hospitalised
elderly patients with PIs was 2.81. Berlowitz et al showed a

significant increase in mortality from patients with PIs
(RR = 1.9).19 In view of the recent studies on the mortality
of elderly patients with PIs and non-PIs, there was a relation-
ship between the mortality of the elderly patients and PIs.
However, few studies have investigated the impact of mor-
tality in PI elderly patients and some studies have reported
conflicting results.20,21,22 Although there seems to be con-
sensus that PIs do accelerate the mortality, the impact of PIs
on the mortality at the population level is less clear. What is
more, the existing research sample size was relatively small.
As far as we know, none of the meta-analyses has reported
relevant content. Whether they will increase the mortality
remains controversial. The clinical importance and signifi-
cance of these associations are poorly understood.

It was of great significance to verify whether PIs can
increase patient mortality. To assess the correlation between
PIs and mortality, we conducted the meta-analysis. We pro-
posed the following objectives: (a) identify the association
between PIs and mortality and (b) explore the specific effect
size of PIs to accelerate the death of patients.

2 | METHODS

2.1 | Search strategy

We conducted a systematic review using the method
suggested in the PRISMA statement.23 Four databases

Key Messages
• this study was to compare the mortality of

patients with pressure injuries and those without
pressure injuries

• the hazard ratio (HR) and 95% confidence inter-
vals (CIs) in terms of the comparison two groups
were extracted for meta-analysis

• the survival curve between two groups by indi-
vidual patient-level was drew

• during the 3 years follow-up period, elderly
patients complicated with pressure injuries (PIs)
have about two times higher odds of mortality
compared with those without PIs
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(PubMed, Cochrane Library, Embase, and Web of science)
were searched up to April 2019. The medical terminology
(MESH) terms and free text words were used. The search
included the following MeSH terms: pressure ulcer, Kaplan-
Meier estimate, survival, and mortality. All MeSH terms
were converted to synonyms that they were appropriate for
each database. First, it is filtered by title. If the title fulfilled
the inclusion criteria, the summary was filtered. Other poten-
tially relevant studies were identified by cross-referencing in
eligible studies. The search details for each database were
described in the Appendix S1.

2.2 | Study selection

This systematic review was limited to published human-
based studies, focusing only on the comparison of mortality
between the PI group and the non-PI group. There were no
language restrictions. The inclusion and exclusion criteria
were as follows:

Inclusion criteria are as follows: (a) observational studies:
cohort, case control, and cross-sectional study; (b) PI diag-
nostic criteria according to NPUAP24 and there is no limit to
the stage of PIs; (c) hospitalised elderly with a follow-up
period of more than 3 months; (d) all studies compared mor-
tality in elderly patients with PIs and without PIs; and (e) the
primary outcome was the mortality of PI and non-PI group;
to be eligible, the study must include at least two groups
including PIs group and non-PIs group. Study reported the
sample size, mean, standard deviation, HR, or Kaplan-Meier
estimate.

Exclusion criteria are as follows: (a) we excluded the liter-
ature review, edited the letter, case reports, and animal stud-
ies. We also excluded studies that did not compare PIs with
non-PIs; (b) controlled experimental studies aimed at inter-
ventions to reduce mortality; (c) studies with follow-up times
shorter than 6 months, studies did not show corresponding
outcomes. We used the electronic search to get the original
research article.

2.3 | Data extraction

Two screening authors extracted the following information
from each included study: first author; publication year and
country; study size; and the type of study (including cohort
studies and case-control studies; outcomes; HR; and follow-
up period). However, not all studies included the data on all
of the information listed previously. The third reviewer
would be consulted to resolve the disagreements between
the two screening authors. We extracted the status of each
patient to analyse the HR. The data of the survival curve
were extracted through the Engauge digitizer. We calculated
HR according to the excel program file provided by Tierney

et al.25 HR values are recorded from included articles, and if
not provided, estimated from published actuarial survival
curves using spreadsheets designed for this purpose (http://
www.biomedcentral.com/content/supplementary/1745-6215-
8-16-S1.xls). For example, we calculated the time to death
for all elderly patients during the follow-up period due to PIs
and we also extracted the deleted data.

2.4 | Quality assessment

Two screening authors independently extracted relevant data
according to the eligibility criteria. They discussed the
results and reached a consensus. The third reviewer would
be consulted to resolve the disagreements between the two
reviewers. The Newcastle-Ottawa Scale (NOS) is an effec-
tive scale for non-randomised studies in meta-analysis to
assess the quality of included studies.26 According to this
model, each study can score up to nine points and consist of
three fields: four points for the study group selection, two
points for the comparison between groups, and three points
for the ascertainment outcome or exposure. Low-, medium-,
and high-quality academic scores are 0-3, 4-6, and 7-9,
respectively.

The HR and confidence intervals (CI) for mortality were
derived from the studies for which they are reported. The
baseline characteristics included the enrolled year, country,
study type, participants sample size, mean age, gender ratio,
PI grade, PI incidence, follow-up period, mortality during
follow-up, and HR (95%CI).

We will add more information if necessary, especially
when plotting the survival curves. We extracted measure-
ments from the PI group and the non-PI group, such as
HR. We extracted the survival time and survival status of
each patient from the survival curves of the studies selected
for inclusion.

2.5 | Data extraction and synthesis

The main outcome of this meta-analysis was mortality in the
follow-up. We incorporated the pooled HR. Statistical hetero-
geneity of each study was assessed by χ2 test and I2 statistics.
For the I2 statistic, >50% means moderate heterogeneity,
and > 75% means highly heterogeneous.27 For survival out-
comes, we calculated HR and 95% CI. The random effect
model was used to calculate the pooled HR, if there was the
heterogeneity (I2 > 50%, P > .1).28

A funnel plot was used to assess publication bias. A sym-
metric funnel-shape distribution of studies indicates no sig-
nificant bias. An asymmetric funnel indicates the existence
of the publication bias.29

The subgroup analysis was performed to investigate the
possible sources of heterogeneity according to the stage of
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PIs, different regions, and the type of study design. For the
stage of PIs, one group had the patients with PI stage 1-4
and another group had patients without stage 1.

Meta-regression analyses of patients' enrolled year, aver-
age age of the people being included, the PI incidence,
and gender ratio of the included studies were conducted.
The size of the symbol in the meta-regression reflected the
weight of each study included in the analysis; the larger
the symbol represented the study with more precise impact.
The random effects model was used to calculate the pooled
HR if I2 > 50%.

The sensitivity analysis was used to investigate the stabil-
ity. One study was excluded once at a time of this systematic
review to detect if the results were severely distorted by a
specific study.

Finally, survival curves were plotted for all included ref-
erences. The data from the survival curves were extracted
and calculated for each patient. We drew the survival curve
with individual patient-level data and calculated the HR with
95% CI between two groups.

The data were pooled and analysed using STATASE
11 and SPSS21.

3 | RESULTS

Fifty-five eligible observational studies were identified.
Figure 1 showed the flow of studies through the screening
details. Of the 55 full-text articles assessed for eligibility,
47 were excluded for a variety of reasons as detailed: lack
of data (HR or survival curve); follow-up time less than half
a year; incorrect comparisons; and case reports. We
included eight cohort and case-control studies with a total
of 5523 participants unanimously agreed by two reviewers.
Three studies explored hospitalised patients, two studies
explored intensive care unit patients, and one study
explored elderly patients with hip fractures. One study
explored cancer patients and patients with advanced no-
cancer disorders, and one study explored pressure and non-
pressure injuries.

Records identified through 

database searching (n =4490) 

Additional records identified 

through other sources (n= 26) 

Records after duplicates removed (n =1782) 

Records screened (n=2734) Records excluded (n = 1934) 

Full-text articles assessed for 

eligibility  (n = 55) 

Studies included in qualitative 

synthesis (n =8) 

1. Did not meet inclusion

Full-text articles excluded, 

with reasons (n= 47) 

2.

criteria (n = 6) 

Lack of data (hazard ratio

3.

or survival curve(n = 6) 

Case reports(n = 9)

4.

5.

Review article(n = 10)

16) 

Incorrect comparisons (n =
Studies included in 

quantitative synthesis 

(meta-analysis) (n =8) 

FIGURE 1 Article selection.
The search strategy yielded a total
of eight articles for the meta-
analysis
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3.1 | Quality of studies study sample

All studies used a comparison group and obtained a total
NOS grading score. Assessment methods and duration of
follow-up were extracted and presented in Table 1. Four arti-
cles scored eight points,30-33 and two of them were deducted
by one point because of the non-response rate. The other
two were deducted one point because of insufficient follow-
up time. Two articles34,35 scored seven points, losing two
points because the follow-up time was insufficient and did
not state what they used a blind method. One article36 scored
6 points, because it was incomparable and the follow-up
time was less than 5 years. One article37 scored 5 points due
to incomparability and because followed up for less than
5 years and did not report whether blinding was used. Four
articles in the included literature provided HR, and the
remaining five provided only survival curves.

Table 2 summarised the characteristics of these eight stud-
ies.30-37 These studies included a total of 5523 people, one of
which was followed up to death or to hospital discharge33;
two studies were retrospective30,31 and six studies were pro-
spective32-37; five studies were from Europe,30,33-35,37 two
were from Asia,31,36 and one was from North America.32

3.2 | The association between PIs and
mortality in elderly patients

3.2.1 | The pooled HR of meta-analysis

Follow-up periods for the included studies ranged from half
a year to 3.5 years. Two studies followed up to death or to
hospital discharge. Four articles reported the HR, one
reported the adjusted HR, and the remaining four provided
only survival curves. We pooled data from the four studies
irrespectively and calculated the HR. The results showed
that the elderly patients with PIs had a higher risk of

mortality than the non-PI group (pooled HR: 1.78; 95% CI:
1.46-2.16). Figure 2A showed the pooled HR and 95% CI
for the elderly patients with and without PIs in eight studies.
The publication bias analysis showed that there was no obvi-
ous asymmetry in the funnel plot and no strong evidence of
publication bias (Figure 2B).

3.2.2 | The subgroup analysis

The subgroup analysis was performed according to PI stage,
different regions, and the type of study design. Figure 3A
showed that the HR values for the patient stage 3-4 PIs
(HR:2.41; 95% CI: 1.08-5.37) were higher than stage 1 to
4 PIs and stage 2 to 4 PIs (HR: 1.66; 95% CI: 1.35-2.05; HR:
1.74; 95% CI: 1.16-2.60).

Figure 3B showed the HR comparison between groups
stratified by regions by using the random-effects model. The
result indicated that the PI group had a higher mortality than
non-PI group between Europe (HR: 1.69; 95% CI: 1.34-2.12)
and North America (HR: 2.42; 95% CI: 1.34-4.38). There
was no difference between genders in Asia group (HR: 2.35;
95% CI: 0.94-5.58; P = 0.127).

Figure 3C showed the mortality comparison between
groups stratified by study design. The HR between prospec-
tive and retrospective studies was 1.65 (95% CI: 1.40-1.94)
and 1.78 (95% CI: 1.46-2.16), respectively.

3.2.3 | The meta-regression analyses

The meta-regression analysis of eight studies between the PI
group and non-PI group was performed to investigate the
relationship between patients' enrolled year, average age, the
incidence of PIs, and gender ratio. Figure 4A-C showed that
the heterogeneity did not come from patients' enrolled year
(P = .692, CI: −1.74-0.25), the patient's age (P = 0.46, CI:
−0.14-0.07), and the PIs incidence (P = 0.17, CI:
−0.1-0.04). Figure 4D showed the gender ratio of each study
(P = 0.323, CI: −54.6-1.4).

3.2.4 | The sensitivity analyses

Sensitivity analyses based on the removal of a study were
showed in Figure 4E. The result showed that the outcomes
of the study did not change after removing the Onder's
article.

3.3 | Survival curves between two groups
according to individual patient-level data

Figure 5 showed the survival curve of confluence from indi-
vidual patient-level in eight studies. The survival curve at
the individual patient-level also indicated that concurrent PIs

TABLE 1 Quality assessment using the Newcastle-Ottawa Scale

Study Selection Comparability
Outcome/
exposure

Fernández-Jiménez and
coworkers, 201634

**** ** *

Onder and coworkers,
200737

**** — *

Jaul et al, 201630 **** ** **

Kim et al, 201831 **** ** **

Magny et al, 201735 **** ** *

Maida et al, 201032 **** ** **

Manzano et al, 201433 **** ** **

Calderon-Margalit and
coworkers, 201536

**** — **
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significantly increased the risk of death in elderly patients
during follow-up (HR: 1.958; 95% CI: 1.79-2.14).

4 | DISCUSSION

Our results showed that elderly patients with concurrent PIs
can accelerate mortality of the elderly patients (HR: 1.78;
95% CI: 1.46-2.16). Our finding confirmed the previous
researches on the relationship between PIs and mortal-
ity.38-42 There are few reports that have reported the mortal-
ity of PIs. Ueda et al showed that 23 elderly patients with a
mean age of 51 years and a long follow-up of 6 years had a
mortality rate of 22%.43 Leijon et al showed that elderly
patients with PIs had a 3.6-fold increased risk of death
within 21 months compared with elderly patients without
PIs. The 6-month mortality rate after hip fracture was
reported to be 13.4%.2 This conclusion was drawn when the

age was limited. In fact, we concluded that regardless of age,
the appearance of PIs can increase the risk of death. How-
ever, the articles by Thomas DR et al. putted forward a differ-
ent opinion; they believed that PIs were not identified as the
direct cause of mortality.44 The development of in-hospital
PIs was associated with an increased risk of mortality at 1 year
(59.5% vs 38.2%, P = .02). After adjusting for other mortality
predictors, PI development was not independently associated
with a reduction in survival. Therefore, they concluded that
PIs that occur during acute hospitalisation are not associated
with reduced 1-year survival in high-risk elderly.

The causes and mechanisms of PIs to accelerate death are
not yet clear. The positive correlation between MMP activity
and inflammatory response in elderly patients with PIs is
one of the reasons for the increased mortality of elderly
patients with high serum MMPs, but the association between
mortality of elderly patients with serum activity of MPP-2
and MPP-9 has not yet been determined.2,45 Berlowitz et al

NOTE: Weights are from random effects analysis
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Study

Fernández-Jiménez C (2016)

Onder G (2007)

Jaul, Efraim (2016)

Kim, J. M (2018)
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FIGURE 2 A, Pooled estimate
on the risk of mortality. B, Funnel plot
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NOTE: Weights are from random effects analysis

PIs stage 2-4

Onder G (2007)

Manzano, F (2014)

Kim, J. M (2018)

Subtotal  (I-squared = 78.2%, p = 0.010)
.

PIs stage 3-4

Jaul, Efraim (2016)

Calderon-Margalit R (2015)

Subtotal  (I-squared = 71.3%, p = 0.062)
.

PIs stage 1-4

Fernández-Jiménez C (2016)

Magny, E (2017)

Maida, V (2010)

Subtotal  (I-squared = 0.0%, p = 0.397)
.

Overall  (I-squared = 55.2%, p = 0.029)

Study

ID

1.78 (1.46, 2.16)

1.53 (1.14, 2.06)

2.42 (1.34, 4.38)

1.69 (1.10, 2.62)

1.74 (1.16, 2.60)

1.90 (1.60, 2.26)

1.28 (1.00, 1.65)

4.54 (1.38, 14.98)

1.66 (1.35, 2.05)

3.86 (1.82, 8.20)

2.41 (1.08, 5.37)

1.64 (1.16, 2.32)

HR (95% CI)

100.00

16.78

7.84

11.67

43.58

%

22.29

18.82

2.48

39.29

5.46

17.13

14.67

Weight

.0668 11 15

NOTE: Weights are from random effects analysis

North America

Maida, V (2010)

Subtotal  (I-squared = .%, p = .)
.

Asia

Kim, J. M (2018)

Calderon-Margalit R (2015)

Subtotal  (I-squared = 57.1%, p = 0.127)
.

Europe

Fernández-Jiménez C (2016)

Onder G (2007)

Jaul, Efraim (2016)

Manzano, F (2014)

Magny, E (2017)

Subtotal  (I-squared = 65.6%, p = 0.020)
.

Overall  (I-squared = 55.2%, p = 0.029)

ID

Study

1.78 (1.46, 2.16)

2.35 (0.94, 5.88)

1.69 (1.10, 2.62)

2.42 (1.34, 4.38)

2.42 (1.34, 4.38)

1.90 (1.60, 2.26)

4.54 (1.38, 14.98)

HR (95% CI)

1.53 (1.14, 2.06)

1.69 (1.34, 2.12)

3.86 (1.82, 8.20)

1.64 (1.16, 2.32)

100.00

1.28 (1.00, 1.65)

14.14
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7.84

2.48
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16.78
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Weight
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%
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NOTE: Weights are from random effects analysis

case-control

Jaul, Efraim (2016)

Kim, J. M (2018)

Subtotal  (I-squared = 0.0%, p = 0.822)

.

Overall  (I-squared = 55.2%, p = 0.029)

cohort studies
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FIGURE 3 A, Subgroup of comparison between
groups stratified by stage 1-4 PIs, stage 2-4 PIs, and 3-4
PIs. B, Subgroup with different regions. C Subgroup with
different types of study design
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said that the PIs were the sign of an underlying disease, leading
to an increased risk of complications and thus increased
death.19 In addition, PIs may cause death due to complications
such as osteomyelitis or sepsis.46 Studies have shown that
the incidence of PIs is high in recent years. Among elderly

patients with cardiac surgery, hip fracture surgery, and surgical
intensive care unit, the incidence of PIs was 0.18 (95% CI
0.14-0.22, I2 = 62.8%), 0.22 (95% CI 0.20-0.24, I2 = 98.4%),
(95% CI 0.09-0.13, I2 = 98.5%).47 With the increase of the inci-
dence of PIs, the mortality of elderly patients also increased.
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FIGURE 4 Meta-regression on mortality in the PIs group and non-PIs group. x = patients' enrolled year, average age, the incidence of PIs,
and gender ratio, y = HR and circle diameters showed the weight of each study based on the random effect model. A, Meta-regression analysis of
the median of patients' enrolled year. B, Meta-regression analysis of patients' average age. C, Meta-regression analysis of the incidence of PIs of
included studies. D, Meta-regression analysis of male and female gender ratio of included studies. E, Sensitivity analysis with each study excluded
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Perioperative corticosteroids administration,48 immobility,
hemodynamic instability, decreased sensory, and increased risk
of circulatory disorders due to organ failure can increase the
risk of PIs.49 The parts of the body that has PIs are easily
colonised by bacteria. Secondary bacteremia or sepsis may
complicate PIs, which may be related to increased mortality.50

Stress, shear, friction, malnutrition, and lack of physical activity
are contributors to the pathogenesis of PIs.51 Mustoe et al
hypothesized the pathogenesis of PIs: they believed that the
pathogenesis of PIs was a combination of factors and their
common effects overwhelm the healing of PIs.52 Reperfusion
injury has been suggested by some authors as a major determi-
nant of PIs development. In both rat and mouse models,
repeated ischemia-reperfusion injury was more destructive to
tissue than long-term ischemia alone.53,54 These mechanisms
of PIs development may have a detrimental effect on the
patient's original disease. Sun et al results showed that
LRRC19 was a factor in reperfusion injury-induced tissue dam-
age by promoting NFkB-dependent inflammatory responses.55

Our results showed that the HR value for the studies con-
taining stage 1 PIs (HR: 1.66; 95%, P = .397) was smaller
than those without stage 1 PIs (HR: 1.90; 95%, P = .08).
This suggested that stage 1 PIs may have no effect on mor-
tality. We suspected that there was no difference in the sta-
tistical significance which may be due to the small sample
size of stage 1 PIs. However, there have been study showing
support for our guess. The HACI in the Federal Register
described earlier-stage (Stage I and II) PIs no longer gener-
ate extra payment.56 The data showed that the mortality rate
of elderly patients with PIs at the point of 0.5 year was 46%,

and that of elderly patients in the non-PIs group was 23%,
which was the same as the mortality in the study by
Michocki et al. According to the report, they found that the
6-month mortality for hospitalised elderly patients with PIs
was 77%, compared with 18% for those without PIs.57 The
data showed that the PIs were associated with mortality and
the longer the follow-up period, the closer the relationship
between PIs and mortality. Our meta-regression analysis
showed that mortality was independent of patients' enrolled
year, average age, the incidence of PIs, and gender ratio. In
all regression analyses, the P value of incidence of PIs was
closest to .05 with value of .17. We suspected that the inci-
dence of PIs may be a source of heterogeneity. However,
further studies are needed.

To further determine the relationship between concomitant
PIs and mortality, we extracted the data from patient-level. In
critically ill elderly patients, it has not been determined
whether the increase in PI-related mortality is due to compli-
cations of PIs or its underlying disease or other comorbidities.
In addition, Khor et al have shown that according to the cox
proportional hazard analysis, the mortality of elderly patients
with stage 4 PIs was significantly higher than that of stage
2 PIs, but the difference is not statistically significant.58 The
studies we included did not specify the elderly patient's dis-
ease and the stage of PIs. In our future research, we can
explore whether the relationship between PIs and mortality is
related to the type of disease or stage of PIs.

Of course, our research has some limitations.

1. First, there is still some heterogeneity in our article.
Inadequate details of the method and insufficient follow-
up time may lead to clinical heterogeneity. Although PIs
are associated with an increase in mortality, factors such
as the type of disease, age, and length of hospitalisation
may complicate the analysis.

2. In addition, although our result is consistent with the pre-
vious studies that concurrent PIs can accelerate the death
of elderly patients, extracting data through software may
still lead to the deviations from the original data. Such
deviations indicate that we should use the patient's raw
data for analysis in the future.

3. What is more, due to the lack of relevant research, the
small sample size and the low quality of documents
included in this study, the conclusions may be offset.
And some studies did not implemented blinding.

5 | CONCLUSION

Our study showed that patients living with PIs are estimated to
have a two times higher risk on mortality compared with
patients living without PIs. We recommend that particular
attention should be given to the elderly patients with concurrent

FIGURE 5 Cumulative survival rate of all elderly patients
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PIs, and effective methods of preventing PIs should be taken to
alleviate the suffering of elderly patients. However, this conclu-
sion needs to be confirmed by more high-quality and multi-
faceted researches and patient-level data.
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