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Purpose: Many studies have demonstrated that Sarcopenia causes a serious impact on 
health, including death in older adults. The objective of this study was to determine the 
association of sarcopenia and pre-sarcopenia with all-cause mortality in older Chileans.
Subjects and Methods: Follow-up of 2311 community-dwelling people ≥ 60y from the 
Alexandros cohort. Anthropometric measurements, handgrip strength, mobility, and physical 
performance tests were performed. Sarcopenia, pre-sarcopenia, and severe sarcopenia were 
defined using the 2010 European Working Group on Sarcopenia in Older People 
(EWGSOP1) algorithm. Muscle mass was estimated using a prediction model with cut-off 
points validated for the Chilean population. Physical performance was determined by 
3 m walking speed or five chair-stands or time up go test (TUG). Mortality data were 
obtained from death certificates of the National Civil Registry. Life tables for survival data, 
Kaplan Meier estimations, and Cox regression were calculated.
Results: The prevalence of sarcopenia was 20.2% (95% CI:18.6% to 21.9%) and similar in 
both sexes; pre-sarcopenia was identified in 20.4% (95% CI:18.8% to 22.1%) of the sample. 
Kaplan Meier survival estimates demonstrated lower survival rates for the people with 
sarcopenia and pre-sarcopenia (Log rank test for equality of survivor functions: p<0.0001). 
A dose-response was observed in the survival rates according to the stages of sarcopenia, 
showing the lowest survival rates for the people with severe sarcopenia, followed by older 
adults with sarcopenia, pre-sarcopenia, and without sarcopenia (Log rank test for equality of 
survivor functions: p<0.0001). After adjusting for age, sex, nutritional status, and number of 
chronic diseases, hazard ratios for death showed higher risk for subjects with sarcopenia 
(HR=1.47, 95% CI:1.17–1.83) and pre-sarcopenia (HR=1.35, 95% CI:1.03–1.78) in compar-
ison with people without sarcopenia.
Conclusion: The results confirm a dose–response increase in the risk of all-cause death in 
older adults with sarcopenia and pre-sarcopenia compared to non-sarcopenic individuals.
Keywords: cohort study, survival probability, predictive models, skeletal muscle mass

Introduction
Many studies have demonstrated that sarcopenia causes a serious impact on health, 
including death in older adults. The loss of mass and function that defines 
sarcopenia1 is related to loss of function, dependency, falls, decreased 
immunity,2–5 increased risk of osteoporosis,6 frailty, hospitalization, poor quality 
of life, and mortality,7–12 thus producing a high burden of disease.

Although there is not a consensus on the operational definition of sarcopenia, 
the most widely used is that developed in 2010 by The European Working Group of 
Sarcopenia in Older People (EWGSOP1).2 The EWGSOP1 defines sarcopenic 
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individuals to have low muscle mass in addition to low 
muscle strength or low physical performance. The consen-
sus also defines a pre-state of sarcopenia termed “pre- 
sarcopenia” when the sole characteristic present is low 
muscle mass. The diagnostic algorithm proposes physical 
performance as the primary variable, represented by gait 
speed, followed by the evaluation of muscle strength and 
mass. The revised version (EWGSOP2)13 uses the same 
variables, but the diagnostic algorithm proposes low mus-
cle strength as primary variable, followed by measurement 
of physical performance and muscle mass.

The progressive age-related loss of muscle mass is the 
main risk factor for sarcopenia, leading to an increasing 
prevalence of this condition as the population ages. Chile 
is aging quickly and is among the three countries with the 
highest life expectancy in the Americas,14 increasing the 
prevalence of sarcopenia. Using the EWGSOP1 definition, 
the prevalence of sarcopenia in Chile is 19%, similar in 
men and women, and reaches 30% in people 80 years and 
older.15 In the same study, pre-sarcopenia was identified in 
6.5% of the total sample, similar in men and women. 
Studies done in Latin America with the same diagnostic 
algorithm have shown that the prevalence of sarcopenia 
fluctuates between 13.9% in two cities of Brazil,16 11.5% 
in Bogotá, Colombia17 and 9.9% in Mexico,18 although 
none of these studies report the prevalence of pre- 
sarcopenia.

Several authors have shown that the survival rate of 
sarcopenic people is lower than that of non-sarcopenic 
subjects10,12,19–22 however the effects of pre-sarcopenia 
on survival have not been studied.

The change in the diagnostic algorithm (EWGSOP2) 
does not consider the pre-sarcopenic state as important in 
determining if this condition is also a risk factor for 
survival. The objective of this study is to determine if 
sarcopenia, as identified with the EWGSOP1 diagnostic 
algorithm,2 is associated with all-cause mortality in 
a follow-up of a large cohort of community-dwelling 
older adults, and to explore if pre-sarcopenia is also 
a risk factor for survival.

Subjects and Methods
Study Population
Follow-up of 2311 community-dwelling people 60 years 
and older (mean ± SD: 69.2±6.9 years; 67.3% female) 
followed between 5 and 15 years, from the Alexandros 
longitudinal study, designed to investigate disability 

associated with obesity, previously described.23 In brief, 
ALEXANDROS is a longitudinal study conducted in 
Santiago, Chile, which includes the follow-up of three 
cohorts: 1) the original SABE sample15 composed of 
1173 people 60 years and older, born before 1940 and 
recruited in 1999–2000 through a probabilistic sampling 
process; 2) the ALEXANDROS cohort composed of 950 
people born between 1940 and 1948 recruited in 
2005–2008, randomly selected from the primary health 
care center (PHCC) registries (where 85% of the older 
adults are registered) in a two-step procedure, health care 
centers and registered older adults from the selected 
PHCC; and 3) the Pension Health Institutions 
(ISAPRES) cohort of 266 people of high socioeconomic 
level born before 1948 and randomly selected from private 
health insurance system registries (ISAPRES) recruited in 
2005, in Santiago, Chile. The participants underwent face- 
to-face interviews including self-reported chronic diseases 
(hypertension, diabetes, cancer, COPD, stroke) and self- 
perceived symptoms of depression, as measured by the 
Short Form of the Geriatric Depression Scale (GDS-15). 
Anthropometric measurements, handgrip strength, mobi-
lity, and physical performance tests were performed as 
previously described.24 Skeletal muscle mass index 
(SMI) was calculated as the ratio of appendicular skeletal 
muscle mass (ASM) and height2 (kg/m2). BMI was calcu-
lated as kg/m2, and nutritional status was defined accord-
ing to categories that have been employed for this age 
group in the previous research:25 underweight (<20), nor-
mal weight (20–24.9), overweight (25–29.9), obe-
sity (≥30).

Procedures
Sarcopenia was defined using an adapted version of the 
EWGSOP12 with HTSMayor software.26 ASM was esti-
mated with the following Chilean population prediction 
model:24

ASM (kg) = 0.107 (weight) + 0.251 (knee-height) + 
0.197 (calf-circumference) + 0.047 (dynamometry) - 0.034 
(hip-circumference) + 3.4178 (male) - 0.020 (age) - 7.646;

SMI was defined with cut-off points obtained by means 
of the prediction model presented above (men: 7.45 kg/m2; 
women: 5.88 kg/m2).27 Muscle strength was measured by 
handgrip dynamometry (Hand Dynamometer T-18, 
Country Technology, Inc.) and was also defined with cut- 
off points obtained for the Chilean population (men 27 kg; 
15 kg women).28
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Physical performance was determined by three-meter 
walking speed, with a cut-off of 0.8m/sec; for people 
missing this measurement, it was replaced by the speed 
in performing the timed up and go test (TUG). Stages of 
sarcopenia were determined by the classification suggested 
by the EWGSOP1: pre-sarcopenia (low muscle mass), 
sarcopenia (low muscle mass and either low muscle 
strength or low physical performance) and severe sarcope-
nia (low muscle mass, low muscle strength, and low phy-
sical performance).2

Information about all-cause mortality was available for 
each participant of the study, as mortality data were 
obtained from death certificates of the National Civil 
Registry until July 30, 2017. There were 478 total deaths 
in the period under observation (196 men and 282 
women).

Statistical Analysis
Summary measures were expressed as mean ± standard 
deviation (SD), median, and inter-quartile range (IQR), or 
total number and percentage with 95% confidence inter-
vals (95% CI). The difference between genders was calcu-
lated by two-sample mean-comparison test or Pearson’s 
Chi-squared test, depending on the distribution of the 
variables. Kaplan–Meier survival curves and probabilities 
of survival by sex were estimated according to stages of 
sarcopenia. Cox proportional regression models for 5–15 
years’ mortality were estimated to analyze crude and 
adjusted hazard ratios and 95% CI of death by the pre-
sence of pre-sarcopenia and sarcopenia (sarcopenia + 
severe sarcopenia). No violations of the proportional 
hazard’s assumption were detected. The models included 
are unadjusted (model 1), adjusted for sex and age group 
(model 2), adjusted for sex, age group and obesity 
(model 3), adjusted for sex, age group, obesity, physical 
activity, and number of chronic diseases (model 4), and 
adjusted for sex, age group, obesity, physical activity, 
number of chronic diseases, and smoke habits (model 5). 
All statistical analyses were performed using STATA15 
software (StataCorp.2015. Stata Statistical Software, 
Release 14. College Station, TX, StataCorp LP).

Results
Table 1 shows the socio-demographic and health charac-
teristics of the study sample by sex. No differences 
between sexes were observed for the mean age (total 
69.2 ± 6.9 years), nor for the following characteristics: 
the proportion of people in each age category, people 

living alone (total 10.0%; 95% CI: 8.8–11.3), years of 
education (6y), or proportion of people with >8 years of 
education (total 40.4%; 95% CI: 38.3–42.5). The propor-
tion of one or more limitations in Activities of Daily 
Living (ADL) was 12.8% (95% CI:11.5–14.2) and was 
similar in both men and women; the prevalence of one 
or more limitations in Instrumental Activities of Daily 
Living (IADL) however was significantly higher in men 
than in women (30.3% vs 25.9%, p=0.027). Low physical 
activity was higher in men than women (p<0.005). Three 
quarters of the sample reported no physical activity in the 
last three months and only 5% reported practicing ≥5 
times/week. Women reported more chronic diseases than 
men (p<0.0001) and a lower proportion of smoking habits 
(30.7% vs 46.6%, respectively).

Table 2 displays anthropometric variables, body com-
position, handgrip strength, and physical performance. All 
anthropometrics measures were significantly higher in men 
than in women, except BMI (27.3 kg/m2 vs 29.0 kg/m2; 
respectively) and hip circumference (101.7 cm vs 
105.6 cm, respectively). Regarding physical performance, 
women performed worse than men (38.9% vs 27.8%, 
p<0.0001, respectively).

The prevalence of sarcopenia was 19.6% (95% CI: 
18.0% to 21.2%) and was similar in both sexes; pre- 
sarcopenia was identified in 21.2% (95% CI: 19.5% to 
22.9%) of the sample and only 3.0% (95% CI: 2.0% to 
3.5%) of individuals had severe sarcopenia (Figure 1).

Figure 2 displays the Kaplan Meier survival estimates 
according to the stages of sarcopenia, demonstrating 
a dose–response relationship. Robust people have 
a higher survival probability than people with pre- 
sarcopenia and sarcopenia for both sexes (Log rank test 
for equality of survivor functions: p<0.0001), although the 
15y survival probability was higher in women than in men 
with sarcopenia (0.66 vs 0.57). After 1883 person-years of 
follow-up (median follow-up 5.1 years), 146 new cases of 
sarcopenia were identified (incidence density rate = 
1.45 per 100 persons/years).

The Cox proportional hazards models for all-cause 
mortality risk according to the stages of sarcopenia are 
shown in Table 3. A higher risk of death was demonstrated 
in pre-sarcopenia and sarcopenia people when compared 
with robust people (hazard ratio: HR = 1.83, p<0.0001 and 
HR = 2.31, p<0.0001; respectively). After adjusting by 
age, sex, obesity, physical activity, number of chronic 
diseases, and smoking habits, the higher risk of mortality 
for people with pre-sarcopenia and sarcopenia when 
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compared with robust people in a dose–response relation-
ship persists for all models.

Discussion
We obtained fifteen-year survival probability stratified by 
stages of sarcopenia and Kaplan-Meier survival estimates 
by sex in a sample of 2311 older Chileans, using the 
consensus definition developed by the EWGSOP in 

20102 which was previously validated in Chile by our 
group.27 We found that the survival rates decrease accord-
ing to the stages of sarcopenia and the fifteen-year survival 
probability is higher in women than in men.

We identified pre-sarcopenia and sarcopenia as a risk 
factor for all-cause mortality, independent of obesity, num-
ber of chronic diseases, and smoking habits. Similar 
results with sarcopenia have been observed in several 

Table 1 Socio-Demographic and Health Characteristics of the Study Sample by Sex

Variables Men Women p-value Total
n=756 n=1555 n=2311

aAge (years) Mean ± SD  

(95% CI)

69.2± 6.8  

(68.7–69.6)

69.2 ± 6.9  

(68.9–69.6)

0.8151 69.2±6.9  

(68.9–69.5)

bAge groups % (95% CI)

60–69.9 years 66.0 (62.5–69.4) 66.8 (64.3–69.1) 0.217 66.5 (64.5–68.4)
70–79. 9 years 26.6 (23.5–29.9) 24.1 (22.0–26.3) 24.9 (23.2–26.7)

≥ 80 years 7.4 (5.6–9.5) 9.1 (7.7–10.7) 8.6 (7.5–9.8)

bLiving alone % (95% CI) 8.9 (6.9–11.2) 10.5 (9.0–12.1) 0.244 10.0 (8.8–11.3)

cYears of education Median  
(95% CI)

6.0 (6–6) 6.0 (6–6) 0.3289 6.0 (6–6)

bEducation > 8 years %  
(95% CI)

41.1 (37.4–44.9) 40.0 (37.4–42.6) 0.626 40.4 (38.3–42.5)

cNumber of chronic diseases  
Median (95% CI)

1 (1–2) 2 (2–2) <0.0001 2 (2–2)

bNumber of chronic diseases % (95% CI)

0 20.9 (18.1–24.0) 13.4 (11.7–15.2) <0.0001 15.8 (14.4–17.4)
1 32.3 (29.0–35.7) 27.5 (25.3–29.8) 29.1 (27.2–31.0)

2 27.4 (24.2–30.7) 26.9 (24.7–29.2) 27.0 (25.2–28.9)

≥ 3 19.4 (16.7–22.4) 32.2 (29.9–34.6) 28.0 (26.2–29.9)

bADL limitation ≥ 1%  

(95% CI)

12.3 (10.0–149) 13.1 (11.4–14.8) 0.611 12.8 (11.5–14.2)

bIADL limitation ≥ 1%  

(95% CI)

30.3 (27.0–33.7) 25.9 (23.8–28.2) 0.027 27.4 (25.5–29.2)

bWeekly physical activity in last three months % (95% CI)

0 74.8 (71.5–77.9) 76.3 (74.0–78.4) 0.005 75.8 (74.0–77.5)

1–4 18.8 (16.1–21.8) 20.4 (18.4–22.5) 19.9 (18.2–21.6)

≥ 5 6.3 (4.7–8.3) 3.4 (2.5–4.4) 4.3 (3.5–5.3)

bSmoking % (95% CI)

Never smoker 41.3 (37.6–45.0) 58.8 (56.3–61.3) <0.0001 53.2 (51.1–55.3)

Current Smoker 46.8 (43.1–50.6) 31.3 (29.0–33.7) 36.3 (34.3–38.3)

Previous smoker 11.9 (9.6–14.5) 9.9 (8.4–11.5) 10.5 (9.3–11.9)

Notes: aTwo-sample mean-comparison test; bPearson Chi2; cMann–Whitney test. 
Abbreviations: CI, confidence interval; SD, standard deviation; ADL, activities of daily living; IADL, instrumental activities of daily living.
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studies, systematic reviews and meta-analysis showing the 
association of sarcopenia with mortality19,29,30 but none of 
them have shown the association of pre-sarcopenia with 
mortality. A recent study in the United States found that 
sarcopenia is a risk factor for all-cause mortality in both 
sexes and for cardiovascular-specific mortality in 
women.12 Landi et al with a cohort of people of 80 years 
and older from the Aging and Longevity Study21 and 
Hirani et al in Australia20 reported similar results, but 
a study from the National Health and Nutrition 
Examination Survey III (1988–1994)19 found that women 
with sarcopenia, but not men, have an increased risk of all- 
cause mortality, independent of obesity. Sim et al (2019)30 

have recently studied the relationship among four defini-
tions of sarcopenia, including the European consensus,2 

with long-term all-cause mortality risk in older Australian 
women. They found that sarcopenia was associated with 
increased relative hazards for all-cause mortality in older 
Australian women according to the AUS-POPE definition, 
an adaptation of European Consensus (EWGSOP1).30 To 
our knowledge, no other studies about the association of 
pre-sarcopenia and mortality have been published; how-
ever, studies of the relationship between low muscle mass 
and mortality are contradictory. One study in US adults 
demonstrated that appendicular skeletal muscle mass is 
inversely associated with the risk of death31 but another 

Table 2 Descriptive Statistics of Anthropometry, Body Composition and Physical Performance of the Study Sample by Sex

Mean ± SD (95% CI) Men Women p-valuea Total
n=756 n=1555 n=2311

Height (cm) 165.3 ± 6.7 (164.8–165.7) 151.1 ± 6.3 (150.8–151.4) p<0.0001 155.7 ± 9.2 (155.4–156.1)

Weight (kg) 74.7 ± 13.0 (73.8–75.6) 66.3 ± 12.8 (65.7–67.0) p<0.0001 69.1 ± 13.4 (68.5–69.6)

BMI (kg/m2) 27.3 ± 4.2 (27.0–27.6) 29.0 ± 5.2 (28.8–29.3) p<0.0001 28.5 ± 4.9 (28.3–28.7)
Knee Height (cm) 51.5 ± 2.7 (51.3–51.7) 46.8 ± 2.5 (46.7–46.9) p<0.0001 48.3 ± 3.4 (48.2–48.5)

Mid-arm circumference (cm) 29.8 ± 3.8 (29.5–30.1) 30.3± 4.0 (30.1–30.5) p<0.0001 30.1 ± 4.0 (30.0–30.3)

Calf circumference (cm) 36.1 ± 3.7 (35.8–36.4) 35.2 ± 3.8 (35.0–35.4) p<0.0001 35.5 ± 3.8 (35.3–35.7)
Waist circumference (cm) 98.2 ± 10.2 (97.5–98.9) 94.1 ± 12.0 (93.5–94.7) p<0.0001 95.4 ± 11.6 (97.5–98.9)

Hip circumference (cm) 101.7 ± 8.2 (10.1–102.3) 105.6± 10.9 (105.1–106.2) p<0.0001 104.4 ± 10.3 (103.9–104.8)

SMI ≤ 5.88/7.45 kg/m2 47.2 (43.6–50.9) 37.4 (35.0–39.9) p<0.0001 40.6 (38.6–42.7)
<25p dynamometry (<27/15 kg) 19.3 (146) (16.6–22.3) 19.2 (298) (17.2–21.2) 0.932 19.2 (444) (17.6–20.9)

Bad physical performance 27.8 (24.6–31.1) 38.9 (36.5–41.4) p<0.0001 35.3 (33.3–37.3)

Note: aTwo-sample mean-comparison test. 
Abbreviations: CI, confidence interval; SD, standard deviation; BMI, body mass index; SMI, skeletal muscle mass index; 25p, 25th percentile.

Figure 1 Classification by stages of sarcopenia and sex.
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study done in the US population also showed the associa-
tion only for low muscle strength.32

Using the model validated previously by our group,24 

we found a 19.6% prevalence of sarcopenia among com-
munity-dwelling older adults, similar to the prevalence 
obtained in a sample of 1006 older people with DEXA 
(19.1%).15 Pre-sarcopenia was identified in 21.2% of the 
sample, a figure like that observed in a previous study 
(18.4%), using the same anthropometric equation for 
calculating appendicular skeletal muscle mass.26 

A similar prevalence of pre-sarcopenia was found in 

community-dwelling Japanese older adults (21.8%).33 

The studies on the prevalence of sarcopenia in older 
people in Latin America do not report the prevalence of 
pre-sarcopenia.

Most of the studies have been done with the 
EWGSOP1 criteria, in part due to the fact that the 
EWGSOP2 algorithm was published at the end of 
2018. Several reports generated with community- 
dwelling older adults demonstrate that the EWGSOP2 
algorithm produces a lower estimate of sarcopenia 
prevalence34,35 than EWGSOP1 and notes that only 

Figure 2 Kaplan-Meier survival estimates by stages of sarcopenia and sex. 
Notes: Log rank test for equality of survivor functions. (A) Men: chi2(1) = 19.91; p < 0.0001. (B) Women: chi2(1) = 47.15; p <0.0001
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severe sarcopenia produces adverse outcomes compared 
to sarcopenia defined with EWGSOP1. We decided to 
use EWGSOP1 considering the severe consequences of 
sarcopenia and the need to identify most people at risk. 
The relevance of the present study lies in the inclusion 
of pre-sarcopenia as an all-cause mortality risk, thus 
demonstrating that pre-sarcopenia detection is very 
important to avoid preventable deaths.

The main limitation of this study is the use of TUG 
to measure physical performance when gait speed was 
not available. However, the prevalence of sarcopenia 
estimated in this sample of 2311 older adults was almost 
the same as prevalence obtained in a sample of 1006 
people based on DXA scan measurements, three-meter 
walk speed, and grip-strength (19.1%).15 The most 
important strength of the present study is the long 

Table 3 Proportional Hazard Models for 15y Mortality Risk According to Sarcopenia

Variables Model 1 Model 2 Model 3 Model 4 Model 5

HR HR HR HR HR
95% CI 95% CI 95% CI 95% CI 95% CI

Pre-sarcopenia 1.83 1.33 1.33 1.35 1.35
1.46–2.28 1.06–1.67 1.02–1.74 1.03–1.78 1.03–1.78

Sarcopenia 2.31 1.41 1.42 1.41 1.39
1.87–2.86 1.13–1.76 1.08–1.85 1.08–1.84 1.07–1.82

Groups of age

70–79 years 3.42 3.49 3.50 3.35
2.77–4.24 2.81–4.33 2.81–4.35 2.70–4.18

80+ years 8.07 8.06 7.95 7.65
6.30–10.35 6.23–10.42 6.13–10.30 5.90–9.93

Female 0.61 0.62 0.62 0.62
0.50–0.73 0.51–0.75 0.51–0.75 0.51–0.76

Obese 1.06 1.04 1.02
0.82–1.37 0.80–1.35 0.79–1.33

Physical activity

1–4 0.85 0.85
0.67–1.08 0.67–1.08

5+ 0.09 0.09
0.01–0.63 0.01–0.62

Number of chronic diseases

1 0.93 0.93
0.70–1.24 0.70–1.24

2 0.97 0.98
0.72–1.30 0.73–1.32

3+ 0.93 0.94
0.69–1.25 0.70–1.27

Current Smoker 1.22
0.90–1.64

Past Smoker 1.12

0.91–1.37

Notes: Reference category of independent variables: non-sarcopenia; 60–69 years; men; non-obese; sedentary; 0 chronic disease; never smoker. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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follow-up and the large sample of community-dwelling 
Latin American older people.

Conclusion
These results confirm a higher risk of all-cause mortality 
for older adults with pre-sarcopenia and sarcopenia com-
pared to non-sarcopenic individuals. A dose-response 
was observed with survival rates, where subjects without 
sarcopenia showed better rates than those with increas-
ingly severe sarcopenia. Considering the identification of 
pre-sarcopenia as a risk factor for lower survival, its 
identification in patients could allow interventions earlier 
in the natural course of the disease. Although the new 
EWGSOP algorithm did not include its identification, 
pre-sarcopenia detection is very important to avoid pre-
ventable deaths. Future studies are needed to validate the 
inclusion of pre-sarcopenia as one of the diagnostic algo-
rithm outcomes.
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