Age and Ageing 2016; 45: 529-534
doi: 10.1093/ageing/afw062
Published electronically 13 April 2016

© The Author 2016, Published by Oxford University Press on behalf of the British Geriatrics Society.
All rights reserved. For Permissions, please email: journals.permissions@oup.com

Greater skeletal muscle fat infiltration
is associated with higher all-cause mortality
among men of African ancestry

QIAN ZHAO', JoserH M. ZMUDA!, ALLISON L. KUIPERS', PALLAVI JONNALAGADDA', CLAREANN H. BUNKER!,
ALAN L. PaTrICK?, ADA O. Your?, Iva Miykovic!

'Department of Epidemiology, University of Pittsburgh, Pittsburgh, PA 15213, USA
*Tobago Health Studies Office, Scarborough, Trinidad and Tobago
*Department of Biostatistics, University of Pittsburgh, Pittsburgh, PA, USA

Address correspondence to: |. Miljkovic. Email: Miljkovicl@edc.pitt.edu

Abstract

Background: fat infiltration within and around skeletal muscle (i.e. myosteatosis) increases with ageing, is greater in African
versus European ancestry men and is associated with poor health. Myosteatosis studies of mortality are lacking, particulatly
among African ancestry populations.

Methods: in the Tobago Health study, a prospective longitudinal study, we evaluated the association of all-cause mortality with
quantitative computed tomography (QCT) measured lower leg myosteatosis (intermuscular fat (IM fat) and muscle density) in 1,652
Affican ancestry men using Cox proportional hazards models. Date of death was abstracted from death certificates and/or proxy.
Results: one hundred and twelve deaths occurred during follow-up (mean 5.9 years). In all men (age range 4091 years), higher all-
cause mortality was associated with greater IM fat (HR (95% CI) per SD: 1.29 (1.06-1.57)) and lower muscle density (HR (95% CI)
per SD lower: 1.37 (1.08-1.75)) in fully adjusted models. Similar mortality hazard rates were seen in the subset of eldetly men (aged
205 years) with greater IM fat (1.40 (1.11-1.78) or lower muscle density (1.66 (1.24-2.21)) in fully adjusted models.

Conclusions: our study identified a novel, independent association between myosteatosis and all-cause mortality in African ancestry
men. Further studies are needed to establish whether this association is independent of other ectopic fat depots and to identify pos-
sible biological mechanisms underlying this relationship.
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individuals. Therefore, we assessed myosteatosis and mortal-
ity in a large population-based cohort of African ancestry
men aged 40 and above, regardless of their health status. We
hypothesised that greater myosteatosis would be associated
with elevated risk of all-cause mortality independent of age,
lifestyle, co-morbidities and BMI.

Introduction

Ectopic fat infiltration within and around skeletal muscle
(myosteatosis) is associated with metabolic disorders and
poor musculoskeletal health [1-6]. In patticular, myosteatosis
may play an important role in the development of insulin re-
sistance and type 2 diabetes (I2D) [1, 2, 5, 7-10], dectreased
muscle strength [11, 12] and mobility loss [3, 13]. Versus
Caucasians, African ancestry individuals have greater myos-
teatosis [14], shorter lifespan expectancy and higher mortality

Methods

from diabetes and heart disease [15]. Despite the emerging
clinical importance of myosteatosis, studies examining the
relationship of this important fat depot and mortality are
sparse, particularly among high-risk African ancestry

Tobago health study

Between 1997 and 2003, 3,376 men aged 40 and above were
recruited for population-based prostate cancer screening on
the Caribbean island of Tobago [16]. To be eligible, men had
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to be ambulatory, non-institutionalised and not terminally ill.
Recruitment for the initial screening was accomplished by
flyers, public service announcements, posters, informing
healthcare workers at local hospital and health centres, and
word of mouth. The population representative sample
included 97% African, 2% East Indian, <1% white and
<1% ‘other’ [17].

Between 2003 and 2007, men from the prostate cancer
study were invited via phone for peripheral quantitative com-
puted tomography (pQCT) scan of calf skeletal muscle com-
position, which serves as the baseline for the analysis. Death
dates were obtained from death certificates and/or reports
from a proxy (58 versus 42% of study participants, respect-
ively) between November 2003 and May 2013. Of the 2,029
with some adiposity measurements at baseline, 377 men lost
to follow-up with no information on date-of-censor were
excluded. Therefore, our analysis is limited to men with base-
line pQCT, known vital status at follow-up and African an-
cestry (7= 1,652). Written informed consent was obtained
from all participants. This study has been approved by the
Institutional Review Boards of the Tobago Division of
Health and Social Services and the University of Pittsburgh.

Myosteatosis measures

Myosteatosis measures included intermuscular fat (IM fat,
visible fat beneath the fascia lata) and muscle density (fat
between muscle fibres and fat within the muscle cell) from
pPQCT scan of the calf performed with a Stratec XCT-2000
scanner (Orthometrix, Inc., White Plains, NY, USA). Lower
skeletal muscle density from CT is indicative of greater intra-
muscular fat content [18]. A site at 66% of the calf length, prox-
imal to the terminal end of the tibia was scanned, since it has
the largest citcumference and the lowest variability among indi-
viduals [6]. All images were analysed with STRATEC analysis
softwate version 5.5D (Orthometrix, Inc.) and performed by a
trained investigator unaware of the participant’s disease status.

With the pQCT scan, fat, muscle and bone can be distin-
guished by different mineral equivalent density of 0, 80 and
1,200 mg/ cm’, respectively. IM fat can be detected as a shift
of mineral equivalent density from 80 (muscle) to 0 (fat)
mg/ cm’. Muscle density was determined as the ratio of
muscle mass (mg) and muscle area (em?) [19]. Similarly, total
muscle area (mm?), total fat (mm?) and subcutaneous fat
(mm®) were obtained. The coefficients of variation (CV)
determined by repeat pQCT scanning in 15 individuals were
1.0, 1.5, 7.6, 0.9 and 1.1% for total, subcutaneous and IM
fat, muscle area and muscle density, respectively.

General adiposity measures

Height was measured with a wall-mounted stadiometer to
the nearest 0.1 cm. Weight was measured on a balance beam
scale to the nearest 0.1 kg, Body mass index (BMI) was cal-
culated from measured height and weight (kg/ rnz). Waist cit-
cumference was measured at the narrowest point of waist, or
at umbilicus, if the narrowest point could not be identified.
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Medical conditions

T2D was defined as fasting serum glucose 2126 mg/dl or
currently taking anti-diabetic medication. Hypertension was
defined as a systolic blood pressure 2140 mmHg and/or dia-
stolic blood pressutre of 290 mmHg or curtrently taking anti-
hypertensive medication. Other co-morbidities including
‘ever having’ cancer, CVD, renal disease, stroke and MI were
self-reported yes/no using questionnaire.

Other measures

collected with standardised
interviewer-administered questionnaires. Participants were
instructed to bring in all prescription medications taken in
the past 30 days to their clinic visit and interviewers recorded
the medications. Smoking status was categorised as non-
smoker (men who smoked <100 cigarettes total in their life-
time), former smoker (men who smoked >100 cigarettes but
did not currently smoke) or current smoker and treated as
nominal variables. Walking is the predominant form of phys-
ical activity in Tobago, so physical activity was assessed by
whether or not participants walked for exercise, to work, the
store or church four or more times in the past 7 days. Hours
of television watching was assessed, with the cut-off point of

Covariate information was

21 or more hours’ per week as showing some versus no sed-
entary behaviour. Self-reported health status was categorised
as good/excellent versus fair/poor/very poor. All baseline
information provided by pQCT measures or questionnaires
was obtained at the same day.

Statistical analysis

Outliers were defined as any value outside the interval of
Quartiles (75%ile) +3 X IQR (IQR = inter-quartile range)
and Quartile; (25%ile) — 3 X IQR and were deleted (11 were
deleted for muscle density and 27 were deleted for IM fat) to
increase the statistical power. All continuous variables were
normally distributed. Distributions of continuous and cat-
egorical variables were presented as mean ¥ standard devi-
ation (SD) or frequency and analysed with Student’s #test, ){2
test or Fisher exact test, as necessary. Age-adjusted P values
wete presented.

Age- and multivatiable-adjusted hazard ratio (HRs) and
95% confidence intervals (Cls) were estimated using Cox
proportional hazard models. The proportional hazards
assumptions wete confirmed by Schoenfeld residuals. The
adjusted covariates were selected based on previous studies,
biological plausibility and results from Table 1, including age,
height, smoking status, alcohol intake, physical activity, TV
viewing time, health status, and the presence or absence of
T2D, renal disease, stroke, cancer, MI and hypertension.
Subcutaneous fat, IM fat and skeletal muscle density models
wete additionally adjusted for BMI and calf muscle area. Due
to missing covariate data, the final # in multivariable models
was 1,495 for IM fat and 1,375 for muscle density. Lastly, we
performed fully adjusted, stratified analyses by age groups
(<65 and 65+).



Myosteatosis and mortality in African ancestry men

Table |. The distributions of baseline demogtraphic characteristics, lifestyle factors and co-morbidity by vital status in 1,652

Tobago men

All (n=1,652) Survivors (7 = 1,540) Deceased (7 =112) P value* Age-adjusted P value
Socio-demographic
Age 57.719.6 56.9£9.1 689194 <0.001 -
Education level, # (%)
High school and above 181 (11.1) 172 (11.3) 9 (8.0) 0.287 0.737
Marriage status, 7 (%o)
Married or live with a spouse 1,167 (71.1) 1,089 (71.1) 78 (70.9) 0.969 0.993
Lifestyle factors
Smoking, 7 (%)
Former smoker 364 (22.0) 334 (21.7) 30 (26.8) 0.137 0.020
Current smoker 176 (10.7) 160 (10.4) 16 (14.3)
Alcohol consumption, 7 (%o)
>3 drinks per week 172 (10.4) 163 (10.6) 9 (8.0) 0.393 0.899
Physical activity, # (%)
>3 times per week 822 (49.8) 766 (49.7) 56 (50.0) 0.958 0.759
TV viewing, 7 (%o)
>21 h per week 290 (17.6) 272 (17.7) 18 (16.1) 0.654 0.864
Health status, # (%)
Excellent/good 1,530 (93.2) 1,444 (94.3) 86 (78.2) <0.001 <0.001
Co-morbidities
Prevalence of type 2 diabetes, 7 (%) 305 (18.9) 258 (17.1) 47 (42.3) <0.001 <0.001
Renal disease, 7 (%) 5(0.3) 3(0.2) 2(1.8) 0.039 0.059
Cardiovascular disease, 7 (%) 62 (3.8) 52 (3.4) 10 (8.9) 0.007 0.096
Stroke, 7 (%) 26 (1.6) 21 (1.4) 5(4.5) 0.027 0.169
Cancer, 7 (%) 129 (7.8) 100 (6.5) 29 (25.9) <0.001 0.002
Myocardial infarction, # (%) 13 (0.8) 11 (0.7) 2(1.8) 0.218 0.204
Hypertension, 7 (%) 823 (49.8) 746 (48.4) 77 (68.8) <0.001 0.506
Medication use
Antihypertensive drugs, 7 (%) 342 (60.5) 301 (61.1) 41 (56.9) 0.505 0.148
Lipid-lowering drugs, # (%) 71 (4.5) 69 (4.6) 2(2.8) 0.769 0.413
Anti-diabetic drugs, 7 (%) 189 (11.7) 156 (10.4) 33(29.7) <0.001 0.004
Body composition characteristic
BMI (kg/m?) 274+ 44 27.5+44 26.314.6 0.005 0.148
Wiaist circumference (cm) 93.1+11.1 93.1+11.1 929+113 0.853 0.664
Calf total fat (mm?) 1,794.8 £765.7 1,792.8 £ 762.0 1,823.2£817.5 0.689 0.718
Calf subcutaneous fat (mm?) 1,367.0 £ 669.1 1,375.1 £ 670.8 1,254.3 £ 636.6 0.069 0.625
Calf intermuscular fat (mm?) 249.7+17.3 241.9 £210.5 361.8 £276.6 <0.001 0.014
Calf skeletal muscle density (mg/cm?) 73.5+39 73.7+3.7 704152 <0.001 <0.001
Calf muscle area (mm?) 7,556.4 £1,295.5 7,614.21+1,279.8 6,757.2+£1,251.5 <0.001 0.006

Values are unadjusted mean £ SD, unless indicated otherwise. Age-adjusted P values were obtained from logistic regression for categorical variables and linear

regression for continuous variables.

#P values for comparisons between the survivors and deceased from two-sample #tests or y” tests or Fisher’s exact test.

Multicollinearity was checked with wvariation inflation
factor (VIFs of included variables wetre <10). Sensitivity ana-
lyses with the outliers included confirmed the results
(Supplementary data, Appendix 1, available in Age and Ageing
online). Analyses were performed with SAS statistical soft-
ware version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

Of the 2,029 men with baseline data, 377 were lost to follow-
up. Of the 1,652 men with known mortality status and base-
line pQCT, 112 participants died during a mean follow-up of
5.9 years (median (IQR) 6.0 years (5.5-0.4 years); Table 1).

At baseline, the mean age of the men was 57.7 years

(Table 1). The majority reported excellent or good health
(93.2%). Deceased men were older and with a poorer health
status and a lower BMI, had higher prevalence of T2D, renal
disease, cardiovascular disease, stroke, cancer and hyperten-
sion, and higher anti-diabetic drug use. Additionally,
deceased men had greater IM fat and lower muscle density
after adjustment for age (both P < 0.05).

Myosteatosis and all-cause mortality

IM fat (per SD greater) and muscle density (per SD lower)
were associated with 21% (95% CI: 2-44%) and 36% (95%
CIL: 11-67%) higher hazard of mortality, respectively, inde-
pendent of age (Table 2). These results slightly attenuated
after additionally adjusted for co-morbidities and lifestyle
factors (HR (95% CI) per SD greater IM fat: 1.20 (0.99-1.45)
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Table 2. Hazard ratios (95% confidence interval) for all-cause mortality per SD greater baseline adiposity or muscle measure

Age adjusted

BMI (kg/m?)

Waist circumference (cm)
Calf total fat (mm?)

Calf subcutancous fat (mm?)

0.88 (0.71-1.10)
1.01 (0.82-1.25)
1.01 (0.84-1.21)
0.94 (0.76-1.16)
1.21 (1.02-1.44y*
1.36 (1.11-1.67y%*
0.77 (0.61-0.98)*

Calf intermuscular fat (mm?)
Calf skeletal muscle density (mg/cm’)”
Calf muscle area (mm?)

Multivariable® Multivariable” + BMI and muscle area

0.88 (0.70-1.11) -
1.01 (0.80-1.28) -

1.04 (0.85-1.26) -

0.94 (0.76-1.16) 1.04 (0.78-1.39)
1.20 (0.99-1.45) 1.29 (1.06-1.57)*
1.30 (1.03-1.63) 1.37 (1.08-1.75)%*
0.85 (0.65-1.09) -

Hazard ratios and P values were obtained with Cox proportional hazard models. Fully adjusted multivariable model #’s for BMI, waist circumference, calf total fat, calf

subcutaneous fat, and calf muscle area wetre 88 deaths and 1,435 survivors. 7 for calf intermuscular fat was 82 deaths and 1,413 survivors. 7 for calf muscle density was

72 deaths and 1,303 survivors.

*Adjusted for age, height, smoking status, alcohol consumption, physical activity, TV viewing time, health status, cancer, T2D, renal disease, stroke, myocardial

infarction and hypertension.
PPer SD lower.

*P < 0.05.

P <(.01.

and per SD lower muscle density: 1.30 (1.03-1.63)) and in
models with further adjustment for BMI and muscle area (HR
(95% CI) per SD greater IM fat: 1.29 (1.06-1.57) and per SD
lower muscle density: 1.37 (1.08-1.75)). No other measure
of adiposity was associated with mortality, regardless of the
degree of adjustment.

Myosteatosis and all-cause mortality by age groups
Among the 1,242 middle-aged men (aged 40-64), 35 deaths

occurred. Neither IM fat nor muscle density was associated
with all-cause mortality among middle-aged men in any
model (Table 3). Among 410 eldetly men (aged 65+), 77
deaths occurred. In these men, both greater IM fat and lower
muscle density were associated with greater all-cause mortal-
ity in both age-adjusted and fully adjusted models (P <0.05
for all).

Discussion

We report an association between both intermuscular fat and
muscle density and increased hazards of all-cause mortality
among African ancestry men, even after adjustment for im-
portant lifestyle and medical covariates, and general adiposity.
Despite the growing appreciation of a potential role for
myosteatosis in metabolic health and ageing independent
from overall adiposity [1, 2, 5, 7-10], few studies have examined
the association between myosteatosis and mortality. Existing
studies have focused exclusively on older Caucasians [20, 21]
or highly selected individuals [22]. Similatly to our findings, the
Walking and Leg Circulation Study 11 (WALCS II) reported a
higher mortality risk associated with lower calf muscle density
among 434 patients with lower extremity peripheral arterial
disease (PAD) [22]. The Osteoporotic Fractures in Men Study
(MrOS) further extended the finding to community-dwelling
older Caucasian men (7= 1,063, mean age =77) and found
that muscle density, but not intermuscular fat, was associated
with an increased risk of mortality [21]. The AGES-Reykjavik
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Table 3. Age stratified adjusted hazard ratos (95%
confidence interval) of all-cause mortality risk by baseline
myosteatosis measures”

Model Age group
Under 65 years (#died/ 65 years and above (#
survived: 35/1,207) died/survived: 77/333)

HR (95% CI)  Pvalue HR (95%CI)  Pvalue

Intermuscular fat (mmz)
Age adjusted 1.08 (0.75-1.55) 0.675
Multivariable” adjusted 1.16 (0.74-1.82) 0.527
Muscle density (mg/cm”)
Age adjusted 0.97 (0.61-1.53) 0.880
Multivariable” adjusted  0.87 (0.51-1.48) 0.601

1.26 (1.03-1.53)  0.025
1.40 (1.11-1.78)  0.005

1.50 (1.19-1.90) <0.001
1.66 (1.24-2.21)  0.007

Hazard ratios and P values were obtained with Cox proportional hazard models.
"Per 1 SD increase in IM fat and 1 SD decrease in muscle density.

Adjusted for age, height, smoking status, alcohol consumption, physical
activity, TV viewing time, health status, cancer, T2D, renal disease, stroke,
myocardial infarction, hypertension, BMI and calf muscle cross-sectional area.

study [23] in Icelandic individuals aged 66-96 found that
greater thigh intermuscular fat was independently associated
with elevated mortality risk in men, but not in women, sug-
gesting a potential gender difference in the adverse impact of
intermuscular fat. Our study extends these findings to middle-
aged and elderly African ancestry men, a high-risk population
segment inadequately studied thus far. Contrary to our find-
ings, the ‘Invecchiare in Chianti’ (InCHIANTI) study [20], a
prospective population-based study among Italians (7 = 934,
mean age=74.5) found no association between muscle
density and all-cause mortality. The discrepancy may due to
differences in the studied populations as ours is younger, yet,
less healthy as determined by co-morbidity prevalence.
Ectopic fat increases with the ageing process. Our results
showed an adverse impact of myosteatosis on mortality risk
in a combined sample of middle-aged and elderly African an-
cestry man. In the fully adjusted model of men aged 65 and
older, the mortality risk was 40% (95% CI: 11-78%) and



66% (95% CI: 24-121%) greater per 1 SD greater IM fat
and 1 SD lower muscle density, respectively. This indicates
that maintaining muscle density and prevention of muscle fat
infiltration may be crucial for successful ageing in elderly
men. However, we were unable to detect a significant associ-
ation in middle-aged men alone. The adverse impact of
greater myosteatosis on mortality risk may be due to an accel-
eration of muscle density loss and ectopic fat infiltration
around age 65.

Insulin resistance is hypothesised to be a culprit linking
myosteatosis and mortality. The accumulation of intermuscu-
lar fat may impair nutritive blood flow to muscles and lead
to impaired insulin action and insulin diffusion capacity [1].
Additionally, the accumulation of intramuscular fat may
impair the glucose metabolism via the insulin receptor sub-
strate 1/phosphatidylinositol 3-kinase and growth-factor-
regulated protein kinase B pathways [24] and eventually lead
to impaired insulin signalling and insulin resistance [25].
Myosteatosis could also increase local inflammation in the
muscle fibres [26]. This increased inflammation could lead to
increases in oxidative stress, resulting in a decrease in insulin-
stimulated tyrosine phosphorylation [27] and a decrease in
the activity of downstream signalling molecules, thus result-
ing in insulin resistance [27]. However, in our study, the
significant association between myosteatosis and all-cause
mortality risk persists even after adjusting for T2D or
HOMA-IR (results not shown), which suggests that there are
also other mechanisms underlying these associations.

Subcutaneous fat is generally thought to be protective for
health outcomes, because it stores excess fat and prevents it
from overflowing into other deleterious ectopic depots [8].
Several studies have linked thigh subcutaneous fat to a fa-
vourable glucose or lipid profile, independent of abdominal
fat [28]. Although we have previously linked lower calf sub-
cutaneous fat to a higher prevalence of T2D [8], we found no
association between subcutaneous fat and all-cause mortality.

No other measures of adiposity wete associated with
mortality, despite the fact that some previous studies revealed
a relation of BMI or waist circumference with mortality risk
[29]. However, it has been hypothesised that this association
may be attenuated with increasing age due to the associated
redistribution of body fat or shrinkage of height [30]. Thus,
it is possible that the wide age range of our population (40—
91 years) may have weakened the associations between BMI
or waist circumference and mortality.

However, the inclusion of men with a wide age range is
also a major strength of our study as we were able to test for
an age effect. Other strengths of our study include the
population-based design, which allows us to study the effects
of myosteatosis within the normal process of ageing. And,
most importantly, ours is the first mortality study of myostea-
tosis in African ancestry men. Given similar total body fat
across ethnicities, the greater myosteatosis observed in
African ancestry men might explain the relatively higher risk
of mortality, especially from T2D and heart disease [15].
However, further analyses in comparable, ethnically diverse
cohorts are needed to definitively address this hypothesis.

Myosteatosis and mortality in African ancestry men

Our study has some limitations. First, our study is observa-
tional, and causality cannot be determined. Second, 377 men
were lost to follow-up. Compated with individuals with com-
plete follow-up information, the censored individuals were
older and less healthy (Supplementary data, Appendix 2, avail-
able in Age and Ageing online) and, therefore, likely had a
greater risk of mortality. Even with a possibly underestimated
mortality rate, we wete still able to identify a significant associ-
ation of myosteatosis and mortality. Third, some bias may
have been introduced from missing covatiate data in multivari-
able models. Fourth, the bias caused by reverse causation, a
phenomenon that obesity-related disease may lead to both
greater myosteatosis and elevated risk of mortality, is unavoid-
able. To minimise this bias, our analyses were adjusted for
several major co-morbidities related to obesity at baseline.
Fifth, including only the men who were well enough to have
pQCT measures may have resulted in a ‘healthy participant’
bias and could limit the generalisability of our findings. Sixth,
fat located in other ectopic storage depots, such as the liver,
pancreas and heart, should be taken into consideration. Lastly,
other untested potential mechanisms such as inflammation or
mitochondrial function may be residual confounders.

In conclusion, our study identified a previously unreport-
ed, independent association of both intra- and intermuscular
fat with mortality in middle-aged and elderly African ancestry
men. Further, it highlights the potential importance of main-
taining muscle density in the elderly. These results illustrate
that myosteatosis may be a novel independent marker of
ageing with a potential impact on healthy ageing and
expected lifespan. Future studies are needed to replicate our
findings in other populations of African ancestry, to establish
whether the association is independent of other ectopic fat
depots and to identify the precise biological mechanisms
undetlying this relationship.

Key points

o Fat infiltration within and around skeletal muscle (i.e. myos-
teatosis) increases with ageing and is gtreater in African
versus Caucasians.

* Previous studies of myosteatosis and mortality are lacking,
especially in high-risk African ancestry populations.

* This is the first study to test for and identify a significant as-
sociation between greater myosteatosis and excess mortality
risks among African ancestry men with a wide age range.

Supplementary data

Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
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