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Abstract

Objective: The purpose of this umbrella review was to assess the associations be-
tween sarcopenia and adverse health-related outcomes.

Design: An umbrella review of meta-analyses of observational studies.

Setting and Participants: Patients with sarcopenia and controls without sarcopenia
were included.

Measures: The PubMed, Web of Science and Embase were searched for relevant
systematic review and meta-analysis. AMSTAR and GRADE system were used for
methodological quality and evidence quality assessments, respectively.

Results: Totally 54 outcomes extracted from 30 meta-analyses were analyzed.
Twenty out of 21 prognostic outcomes indicated that sarcopenia was significantly
associated with poorer prognosis of gastric cancer, hepatocellular cancer, urothe-
lial cancer, head and neck cancer, hematological malignancy, pancreatic cancer,
breast cancer, colorectal cancer, lung cancer, esophageal cancer, and ovarian cancer.
Besides, 10 out of 16 postoperative outcomes suggested that sarcopenia significantly
increased the risk of multiple postoperative complications and prolonged the length
of hospitalization of patients with digestive cancer. In age-related outcomes, sarco-
penia significantly increased the risk of dysphagia, cognitive impairment, fractures,
falls, hospitalization, and all-cause mortality of elderly populations. Moreover, sar-
copenia was also associated with higher level of albuminuria, risk of depression, and
several metabolic diseases.

Conclusions and Implications: Sarcopenia significantly affected a wide range of
adverse health-related outcomes, particularly in patients of tumor and elderly popu-
lations. Because evidences of most outcomes were rated as “low” and “very low,”

more prospective cohort studies are required in the future.
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1 | INTRODUCTION

Sarcopenia was first described as an age-related decline in lean
body mass in the 1980s." With sarcopenia research continuing
for more than 30 years, recently the European Working Group
on Sarcopenia in Older People (EWGSOP) revised the defi-
nition of sarcopenia as a progressive and generalized skeletal
muscle disorder that is characterized by low muscle strength,
low muscle quantity or quality, and low physical performance.2
Sarcopenia is a common disease worldwide, which is mainly
associated with aging and older people, and it is also secondary
to a systemic disease such as malignancy. It was suggested that
the prevalence of sarcopenia was 10% in general elderly pop-
ulation worldwide.® For specific populations, the prevalence
of sarcopenia was 14.7% in hospitalized older patients, 41% to
59% in older nursing home residents, 12.9% to 40.4% in com-
munity living older adults, and 38.6% in cancer patients.*”’

Sarcopenia is such a highly prevalent disease that might pro-
mote several adverse health-related outcomes. Previous studies
suggested that cancer patients with pre-therapeutic sarcopenia
had higher risk of postoperative complications, chemothera-
py-induced toxicity, and poorer survival than those without sar-
copenia,6 and elderly people with sarcopenia were associated
with functional decline, higher rate of hospitalizations, falls,
and fractures.® A few meta-analyses have investigated the as-
sociations between sarcopenia and various health-related out-
comes, in which some results were inconsistent. For example,
a meta-analysis of seven studies’ suggested that sarcopenia was
not associated with higher risk of major postoperative compli-
cations in patients of liver cancer, while another meta-analysis
of 28 studies'” indicated that sarcopenia significantly increased
the risk of major postoperative complications in patients with
gastrointestinal (GI) cancer. Recently, we also noticed an um-
brella review that investigated the associations between sarco-
penia and health-related outcomes in older people.11 However,
this umbrella review contained only six meta-analyses with
14 outcomes, and current meta-analyses about sarcopenia and
prognostic outcomes of tumor, metabolic outcomes, and risk of
depression were not included.

To better understand this issue, we systematically searched
all the relevant meta-analyses and provided an overview about
the associations between sarcopenia and adverse health-related
outcomes in this study, and unified evidence assessments were
also performed for all the outcomes reported currently.

2 | METHODS
2.1 | Literature search and eligibility
criteria

For reviewing the existing meta-analyses about sarcopenia
and health-related outcomes, we conducted this umbrella
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review according to the standardized procedures described
previously.lz’13 The PubMed, Web of Science, and Embase
were searched from the inception of the databases to April
2020. The following terms were used for search: (sarcope-
nia* OR sarcopenic* OR muscle*) AND (systematic re-
view* OR meta-analysis*), and detailed search strategies
were shown in the Figure S1. Besides, we also reviewed the
references of related studies for identifying potential meta-
analyses that were possibly missed in the initial search. Two
authors reviewed the identified studies independently, and
the inclusion criteria were: (a) published meta-analysis or
systematic review and meta-analysis in English language, (b)
investigating the associations between sarcopenia and health-
related outcomes, and (c) the summary effect size with 95%
confidence intervals (CI) were reported. Systematic reviews
without meta-analysis and animal studies were excluded. All
differences were discussed and resolved by consensus.

2.2 | Data extraction

The data in each meta-analysis were extracted by two authors
independently. Briefly, the data we extracted were as fol-
lows: health-related outcomes, the first author, year of pub-
lication, population characteristics, follow-up, assessment of
skeletal muscle, the number of studies and participants, met-
ric of effect size, effects model of meta-analysis, effect size
with 95% CI, value of 12, and publication bias. When a meta-
analysis contained multiple outcomes, each outcome would
be extracted separately. Besides, if multiple meta-analyses
investigated a same outcome, usually we chose the newest
meta-analysis with the largest number of studies.

2.3 | Methodological quality and evidence
quality assessment

AMSTAR and the GRADE system were used for assessing
the methodological quality of meta-analysis and evidence
quality of health-related outcomes, respectively. AMSTAR
was a measurement tool consisting of 11 items that has
been shown to have good agreement, reliability, construct
validity, and feasibility for methodological quality assess-
ment,'*!> and the GRADE system was an approach that
offers a transparent and structured process for developing
and presenting the summaries of evidence.'® In AMSTAR,
the methodological quality was usually categorized as high
(8-11 items achieved), moderate (4-7 items achieved), and
low (0-3 items achieved).'” In GRADE system, according
to the assessment of risk of bias, inconsistence, indirect-
ness, imprecision, and publication bias, the evidence qual-
ity was divided into four categories (high, moderate, low,
and very low).'®
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2.4 | Data analysis

Instead of searching the primary studies in meta-analy-
sis and reanalyzing the summary estimates with 95% CI,
we just extracted the existing effect size and 95% CI for
each health-related outcome.'> When both random effects
model and fixed effects model were performed for a same
outcome, we primarily chose the one with random effects
model as the final outcome. The value of I* and P value
of Egger's or Begg's test in related meta-analysis were ex-
tracted as the measures of heterogeneity and publication
bias, respectively. If these data were lacked in meta-anal-
ysis, we would calculate the I statistic to assess hetero-
geneity when detailed original data were available, and
we also performed the Egger's test for assessing the pub-
lication bias when the health-related outcome contained at
least 10 studies.'”* A value of I* > 50% was regarded as
significant heterogeneity, and P value of <.l for Egger's
test indicated statistically significant publication bias. If P
value of Egger's test <0.1, it could be an evidence of small-
study effects (whether smaller studies tend to give substan-
tially larger estimates of effect size compared with larger
studies) when the effect size of the largest study was more
conservative than the summary effect size of the random
effects meta—analysis.21

3 | RESULTS
3.1 | Search results and study
characteristics

We identified 3442 articles from PubMed, 10 480 arti-
cles from the Web of Science, and 3372 articles from
Embase by the initial search. Additionally, nine articles
were identified by reviewing the references of the related
studies. Flowchart of the selection process was showed in
Figure S2. Totally 54 studies met the inclusion criteria and
were included for further assessment (references of the 54
studies were showed in supplementary material). Because
there were several meta-analyses investigating the same
health-related outcomes, we compared these meta-analyses
according to their publication year and number of included
studies. Then, we chose the newest meta-analysis with the
largest number of studies. Finally, 54 health-related out-
comes extracted from 30 meta-analyses10’22'50

ported in this umbrella review. These 54 outcomes were
mainly about prognostic outcomes of tumor, postoperative
outcomes, age-related outcomes, metabolic outcomes, and
other outcomes. Among the 54 outcomes, median num-
ber of included studies was 6 (range 2-28), and the me-
dian number of participants was 1851 (range 485-23 061)
(Table 1).

were re-

3.2 | Prognostic outcomes of tumor
There were totally 21 prognostic outcomes of over 12 kinds
of tumors reported in this umbrella review?2 3% (Table 1).
Associations between sarcopenia and overall survival (OS)
were investigated in head and neck cancer, GI cancer, pan-
creatic cancer, gastric cancer, esophageal cancer, urothelial
cancer, lung cancer, ovary cancer, and colorectal cancer, and
sarcopenia was significantly associated with poorer OS of
all these tumors. Besides, compared to those without sarco-
penia, breast cancer and hepatocellular cancer patients with
sarcopenia had 71% and 104% increased all-cause mortality,
respectively, and sarcopenia also increased the risk of recur-
rence of hepatocellular cancer (HR, 1.85; 95% CI 1.45-2.38).
Prognostic outcomes of disease-free survival (DFS) were re-
ported in four kinds of tumors, in which sarcopenia signifi-
cantly decreased the DFS of GI cancer, esophageal cancer,
and colorectal cancer, while no significant association was
showed in lung cancer. Cancer-specific survival (CSS) of
gastric cancer, urothelial cancer, and colorectal cancer and
recurrence-free survival (RFS) of gastric cancer all had sig-
nificantly inverse correlations with sarcopenia. For hemato-
logical malignancy, sarcopenia leaded to a 97% increment of
non-relapse mortality (OR, 1.97; 95% CI 1.45-2.68).

In summary, among the 21 prognostic outcomes of tumor,
20 (95%) outcomes had significant associations with sarco-
penia. According to the effect size, prognosis of gastric can-
cer was most affected by sarcopenia (Figure 1).

3.3 | Postoperative outcomes

Totally 16 postoperative outcomes of tumors were re-
ported.l()’zs’33'35 For esophageal cancer, patients with sarco-
penia had significantly higher risk of overall postoperative
complications and pulmonary complications, while no as-
sociation was found with anastomotic leakage. In patients
of digestive cancer, sarcopenia significantly increased
the rate of readmission (RR, 2.53; 95% CI 1.66-3.85) and
prolonged the length of hospitalization (RR, 4.61; 95%
CI 1.84-7.39). Both major postoperative complications
and total postoperative complications were increased by
40% and 35% in patients of GI cancer with sarcopenia, re-
spectively. Moreover, subgroup analysis found that in pa-
tients of GI cancer with Enhanced Recovery after Surgery
(ERAS) care, sarcopenia had no associations with the major
complications (RR, 1.29; 95% CI 0.91-1.83), whereas sar-
copenia was also associated with increased major com-
plications in those without ERAS care (RR, 1.44; 95% CI
1.21-1.71). Additionally, sarcopenia was associated with
increased postoperative pneumonia and ileus in patients
of gastric cancer and increased postoperative infection in
patients of colorectal cancer, respectively. However, no
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Study
ID

OS (ovarian cancer)

DFS (gastrointestinal cancer)

DFS (esophageal cancer)

OS (esophageal cancer)

OS (gastrointestinal cancer)

CSS (colorectal cancer)

OS (lung cancer)

OS (colorectal cancer)

DFS (colorectal cancer)

All-cause mortality (breast cancer)
Recurrence (hepatocellular cancer)

OS (urothelial cancer)

OS (pancreatic cancer)

Non-relapse mortality (hematological malignancy)
OS (head and neck cancer)

CSS (urothelial cancer)

CSS (gastric cancer)

All-cause mortality (hepatocellular cancer)
OS (gastric cancer)

RFS (gastric cancer)

Effect
size (95% ClI)

- 1.11 (1.03, 1.20)
1.46 (1.30, 1.65)
1.46 (1.12, 1.90)
1.58 (1.35, 1.85)
1.60 (1.37, 1.87)
1.62 (1.16, 2.27)
1.63 (1.13, 2.33)
1.63 (1.24, 2.14)
1.70 (1.24, 2.32)
1.71 (1.25, 2.33)
1.85 (1.45, 2.38)
1.87 (1.43, 2.45)
1.95 (1.35, 2.81)
1.97 (1.45, 2.68)
1.98 (1.64, 2.39)
1.98 (1.43, 2.75)
2.00 (1.54, 2.59)
2.04 (1.75, 2.38)
2.12 (1.89, 2.38)
2.12 (1.82, 2.47)

SR

|
-2.81

FIGURE 1

significant associations were showed between sarcopenia
and postoperative intra-abdominal infection, anastomotic
leakage, and delayed gastric emptying in gastric cancer,
and sarcopenia neither had association with postoperative
anastomotic leakage in colorectal cancer.

In summary, 10 out of 16 postoperative outcomes (63%)
had significant associations with sarcopenia. According to
the effect size, total complications and major complications
of GI cancer were comparatively less affected by sarcopenia,
while the postoperative pneumonia and ileus of gastric cancer
were most affected by sarcopenia (Figure 2).

3.4 | Age-related outcomes

There were totally 10 age-related outcomes.”” ™ In people
over 65 years old, sarcopenia leaded to increased rate of hos-
pitalization (RR 1.40, 95% CI 1.04-1.89) and risk of fractures
(OR 1.84, 95% CI 1.30-2.62). Moreover, hospitalized people
over 65 years old with sarcopenia had higher rate of readmis-
sion (RR 1.75, 95% CI 1.01-3.03). In community living peo-
ple over 65 years old, sarcopenia was associated with higher

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
1 2.81

0

Forest plot of prognostic outcomes of tumor having significant associations with sarcopenia

risk of falls and all-cause mortality, while no association
was showed with length of hospitalization. In people over
60 years old and community living people over 60 years old,
those with sarcopenia had significantly higher risk of dyspha-
gia and cognitive impairment, respectively. In nursing home,
elderly people with sarcopenia had significantly higher all-
cause mortality, while there was no association between sar-
copenia and risk of falls.

In summary, eight out of 10 age-related outcomes (80%)
had significant associations with sarcopenia. Compared with
people over 65 years old with sarcopenia in community, el-
derly people with sarcopenia in nursing home had higher all-
cause mortality. Moreover, the risk of dysphagia in people
over 60 years old was most affected by sarcopenia (Figure 3).

3.5 | Metabolic outcomes

Five meta-analyses included in this study reported five
metabolic outcomes.***® In middle-aged and older non-
obese adults, sarcopenia significantly increased the risk of
metabolic syndrome (OR 2.01, 95% CI 1.63-2.47). Besides,
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ID size (95% CI)

Total complications (Gl cancer) IO 1.35(1.12, 1.61)
Major complications (Gl cancer) :0 1.40 (1.20, 1.64)
Overall postoperative complications (esophageal cancer) :0- 1.42 (1.08, 1.88)
Major complications (patients of Gl cancer without ERAS care) :0 1.44 (1.21,1.71)
Postoperative pulmonary complications (esophageal cancer) : - 2.14 (1.50, 3.04)
Postoperative infection (colorectal cancer) : -— 2.21 (1.50, 3.25)
Rate of readmission (digestive cancer) | —— 2.53 (1.66, 3.85)
Length of hospitalization (digestive cancer) I —_—— 4.61(1.84, 7.39)
Postoperative ileus (gastric cancer) : L 4 5.83 (2.59, 13.08)
Postoperative pneumonia (gastric cancer) : & 6.24 (3.38, 11.51)

|
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FIGURE 2 Forest plot of postoperative outcomes having significant associations with sarcopenia

Study Effect

ID size (95% Cl)
|

Rate of hospitalization (people over 65 years old) I-.- 1.40 (1.04, 1.89)

All-cause mortality (community living people over 65 years old) | -’- 1.60 (1.24, 2.06)
|

Rate of readmission (hospitalized people over 65 years old) |L’_ 1.75(1.01, 3.03)

Risk of falls (community living people over 65 years old) : . 1.75 (1.55, 1.97)
|

Risk of fractures (people over 65 years old) I + 1.84 (1.30, 2.62)
I

All-cause mortality (elderly people in nursing home) | -‘— 1.86 (1.42, 2.45)
|

Risk of cognitive impairement (community living people over 60 years old) | —‘_ 2.50 (1.26, 4.92)
|

Risk of dysphagia (people over 60 years old) | ‘ 6.17 (3.81, 10.00)
|
|
I
]
1

-10 0 10

FIGURE 3 Forest plot of age-related outcomes having significant associations with sarcopenia
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people with sarcopenia had a 29% increased risk of nonal-
coholic fatty liver disease, and in patients with nonalcoholic
fatty liver disease, sarcopenia was associated with higher risk
of steatohepatitis (OR 2.35, 95% CI 1.45-3.81). Sarcopenia
also leaded to increased risk of hepatic encephalopathy and
mortality in patients with liver cirrhosis. In summary, all the
five metabolic outcomes had significant associations with
sarcopenia, in which the mortality in patients with liver cir-
rhosis was most affected by sarcopenia (Figure 4).

3.6 | Other outcomes

There were two single outcomes.**” One reported that sar-
copenia had positive correlation with albuminuria in patients
with diabetes (OR 2.11, 95% CI 1.55-2.88), and the other one
showed that people with sarcopenia had higher risk of de-
pression (OR 1.64,95% CI 1.25-2.16).

3.7 | AMSTAR assessment and GRADE
classification

The methodological quality of included meta-analyses was
assessed by AMSTAR which contained 11 items for scoring.
Among the 30 included meta-analyses, the median AMSTAR
score was 8 (range 6-11). Twenty-two meta-analyses (73%)

had high methodological quality, and eight meta-analyses
(27%) had moderate methodological quality (Table S1).

Study

Risk of nonalcoholic fatty liver disease

Metabolic syndrome (middle-aged and older non-obese adults)
Steatohepatitis (patients with nonalcoholic fatty liver disease)
Hepatic encephalopathy (patients with liver cirrhosis)

Mortality of liver cirrhosis (patients with liver cirrhosis)

Evidence quality assessment of the 54 health-related out-
comes was based on the GRADE system. Twelve outcomes
(22%) were rated as “moderate,” 22 outcomes (41%) were
rated as “low,” and 20 outcomes (37%) were rated as “very
low.” Because all meta-analyses in this umbrella review con-
tained only observational studies, the risk of bias could be
serious, and there was no outcome meeting a high quality
of evidence. Moreover, high heterogeneity, small number of
included studies or participants and significant publication
bias also decreased the evidence quality of outcomes in this
umbrella review. Detailed evidence quality assessments of
the 54 outcomes were showed in Table S2.

4 | DISCUSSION

In this umbrella review, we analyzed 30 current meta-
analyses and developed an overview of the associations
between sarcopenia and 54 adverse health-related out-
comes. Particularly, the associations between sarcopenia
and prognosis of tumor accounted for the largest percent-
age (39%) of the 54 outcomes. Although the evidences of
majority prognostic outcomes were rated as “low” and
“very low,” 95% of them had significant associations with
sarcopenia, which indicating that sarcopenia was asso-
ciated with poorer prognosis of diverse tumors. In post-
operative outcomes, the tumors were mainly located at
digestive tract, and sarcopenia was significantly associated
with increased major postoperative complications, total

Effect
size (95% Cl)
’ 1.29 (1.12, 1.49)
—— 2.01 (1.63, 2.47)
———— 2.35 (145, 3.81)
—— 2.74 (1.87,4.01)

@ 3.23(2.08, 5.01)

-5.01

0 5.01

FIGURE 4 Forest plot of metabolic outcomes having significant associations with sarcopenia
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postoperative complications, and several specific postop-
erative complications. Besides, about one thirds of specific
postoperative outcomes were not associated with sarcope-
nia. Interestingly, we noticed that in patients of GI cancer
with ERAS care, sarcopenia had no associations with the
major postoperative complications. However, in patients
of GI cancer without ERAS care, sarcopenia significantly
increased the major postoperative complications. Although
evidences of these two outcomes were rated as “very low,”
we supposed that ERAS care might be helpful to improving
the sarcopenia-related postoperative complications, which
needs more studies to verify in the future. Associations be-
tween sarcopenia and age-related outcomes were also no-
ticeable. Sarcopenia significantly affected a wide range of
adverse outcomes such as all-cause mortality, risk of falls,
cognitive impairment, and dysphagia in different elderly
populations, which seriously impaired the quality of life
of the elderly. Moreover, sarcopenia was associated with
several metabolic diseases and other outcomes including
albuminuria and risk of depression in diverse populations,
indicating that sarcopenia was a systematic medical condi-
tion and affected the human body more than the skeletal
muscles themselves.

Sarcopenia was characterized by low muscle strength
plus low muscle mass, so it might increase risk of falls and
fractures in elderly people. Besides, decline of muscle func-
tion could affect the swallowing and breath and thereby in-
creased the risk of dysphagia and postoperative pneumonia.
Sarcopenia in cancer patients was commonly accompanied
with malnutrition and disabled immune function, and it was
also associated with higher chemotherapy toxicity and less
efficacy of immunotherapy,5 152 therefore, leading to higher
postoperative complications and worse survival. In elderly
people, some studies found that sarcopenia were closely as-
sociated with several comorbidities such as peptic ulcer dis-
ease, chronic obstructive pulmonary disease, osteoporosis,
Parkinson's disease, and diabetes mellitus,53'57 which may
explain why sarcopenia was associated with a wide range of
age-related outcomes such as higher all-cause mortality, risk
of hospitalization, readmission, and cognitive impairment.
Skeletal muscle is an important organ for insulin-mediated
glucose uptake. Loss of skeletal muscle mass could lead to
metabolism changes including decrease of insulin sensitiv-
ity, upregulation of gluconeogenesis, enhanced lipolysis, and
generation of free fatty acids. Then, liver may take up the
elevated fatty liver acids and excess glucose, which increased
the risk of metabolic diseases.”® %

Current preventions and treatments for sarcopenia
mainly included nutrition support and physical exercise. For
healthy older populations, studies found that fish oil-derived
omega-3 PUFA intake, high protein intake, resistance exer-
cise training, and vitamin D3 supplements can be helpful for
improving muscle mass and functions as well as preventing

. 7975
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sarcopenia.’’® Nitrate-rich diets and oral nutritional sup-
port combined with exercise were also associated with better
muscle functions.®*®” Moreover, beta-Hydroxy-beta-meth-
ylbutyrate supplements, high-intensity resistance training,
and dairy protein intake could be useful therapies for im-
proving sarcopenia, and fat and fish dietary pattern might
be associated with lower risk of sarcopenia in patients with
GI cancer.®*"! Although drug therapies such as testosterone,
myostatin antibodies, and activin receptor antibodies might
have potential effects on sarcopenia treatment, * and recently
a randomized controlled study reported that treatment with
bimagrumab over 16 weeks increased muscle mass and
strength in older adults with sarcopenia.73 Evidences of drug
therapy for sarcopenia were still limited, and more studies
about this issue are required.

There were several strengths in our study. We devel-
oped an overview of associations between sarcopenia and
adverse health-related outcomes in different populations.
Totally we analyzed 30 meta-analyses and reported 54
outcomes. The methodological quality of included studies
and evidence quality of reported outcomes were assessed
by unified method, and we found that sarcopenia signifi-
cantly affected a wide range of adverse health-related
outcomes. There were also some limitations in this study.
Meta-analyses in this umbrella review contained only ob-
servational studies, which could decrease the quality of
evidence. Besides, the methods for assessing the skeletal
muscle were inconsistent, and CT, BIA, and DXA were
applied in different meta-analyses, which might increase
the risk of bias.

5 | CONCLUSIONS AND
IMPLICATIONS

In conclusion, sarcopenia significantly affected a wide
range of adverse health-related outcomes, particularly in
patients of tumor and elderly populations. Besides, as-
sociations between sarcopenia and risk of metabolic dis-
eases, depression and albuminuria were also noticeable.
Considering that evidences of most outcomes were rated as
“low” and “very low,” more prospective cohort studies are
required in the future.
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