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Abstract

BACKGROUND: Obesity and low muscle strength (dynapenia) are
independently associated with greater falls risk. It remains unclear
whether dynapenia and obesity have an additive effect on falls risk,
greater than either phenotype alone. Objectives: To determine whether
a combination of abdominal obesity with dynapenia, dynapenic
abdominal obesity (DAO), confers a greater risk of falls than either
obesity or dynapenia alone in both men and women.

DESIGN: An observational cohort study was conducted. Setting and
Participants: Data from English adults (n=4239, 60-87 years) who
took part in the English Longitudinal Study of Ageing were included.
MEASUREMENTS: Dynapenia, was defined as hand-grip strength
<20kg (female), <30kg (male). Abdominal obesity was defined as
waist circumference >88cm (female), >102cm (male). Data on falls and
fall-related injuries over a 2-year follow-up were collected. Multiple
logistic regression analyses were performed adjusting for age and sex,
with results expressed as odds ratios (OR) and areas under the receiver
operating characteristic curve (AUC).

RESULTS: Falls occurred in 1049 participants, with 284 reporting a
related injury during follow-up. DAO was associated with greater
OR of falls in men (OR 2.1, 95% Confidence Intervals (CI) 1.3-3.2).
Dynapenia rather than obesity was associated with falls in women, with
greatest OR observed in those with low hand-grip strength (OR 14,
95% CI 1.1-1.7). Individual discrimination was low for measures of
obesity or dynapenia either alone or in combination (AUC 0.51-0.58).
There was no relationship between fall-related injuries and obesity or
dynapenia.

CONCLUSION: Our findings suggest a synergistic effect of obesity
with dynapenia on falls risk in men but not women.
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Introduction

Approximately 30% of older adults (> 65 years) fall
yearly (1). Worldwide data suggest that five percent
of falls result in fracture and 30-50% of falls may result in
minor injury (2). Falls and their consequences represent a huge
economic burden to the UK National Health Service, estimated
at £2.3bn yearly (1). With an ageing population, there is a
growing need to be able to identify people predisposed to falls
(fallers) in order to implement fall prevention strategies.
Individually, abdominal obesity (3, 4) and dynapenia (poor
muscle strength) (5, 6) are associated with a greater risk of
falling. Dynapenic abdominal obesity (DAO) is a phenotype
of both low muscle strength and abdominal adiposity (7-9)

Falls are a major public health concern for older adults.
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thought to have the cumulative risk of both dynapenia and
obesity. DAO is associated with worsening disability (7),
hospitalisation (8), and mortality risk (9) and some studies
suggest that individuals with DAO have a greater risk of falling
than those with either obesity or dynapenia alone (10-12).
However, these studies on falls were small and did not consider
if there were differences between men and women.

DAO may be a more clinically relevant phenotype given the
already well-established adverse effects of central adiposity
(13). Moreover, excess body fat, particularly abdominally, can
exacerbate both dynapenia (14, 15) and frailty (16). This may
relate to the low grade inflammation associated with obesity
which can exacerbate loss of muscle mass and promote fat mass
gain (15, 17).

Whether there is a cumulative risk of both dynapenia and
obesity on falls risk requires further consideration. In this study,
our primary aim was to determine whether DAO conferred a
greater risk of falls than either obesity or dynapenia alone in
both men and women. We hypothesised that men and women
with both dynapenic and obese phenotypes have a greater risk
of falling.

Methods

Participants

A description of the English Longitudinal Study of Ageing
(ELSA) has previously been published (18). In response to
an ageing population, ELSA was designed to provide high
quality longitudinal data in research areas focused on social
status, physical and mental health, cognitive function and
biology, in order to inform policy (18). Briefly, participants
living in England were drawn by postcode and stratified
by health authority and socioeconomic status. The survey
began in 2002/3 with subsequent waves at two-yearly
intervals. Refreshment samples were added to maintain
representativeness of people aged 50-75 years. ELSA is the first
longitudinal study of older adults in England which is broadly
representative of the English population (18).

Data collection

Data collected by ELSA includes information on health,
disability, economic status, social support and household
structure (18). The main survey encompassed a face-to-face
interview and paper self-completion questionnaire. Subsequent



follow up occurred at different time points in ‘waves’. At waves
2,4, 6 and 8, eligible participants (those who remained living in
private households in England) were offered a follow-up visit
by a qualified nurse. All participants gave written informed
consent. For this present analysis we used the anthropometric
measures, functional tests, sociodemographic and clinical
characteristics at wave 6 (2012/13) as our baseline and self-
reported falls at wave 7 (2014/15) as our outcome measure
i.e. after a 2 year follow up period. These waves had the
most complete data for the relationships we wanted to study.
Exclusion criteria were applied to the potential participants as
described in Fig. 1.

Figure 1. Flow diagram of number of individuals at each stage
examined for eligibility

Participants at Wave
6 with Interview and

Nurse Data
N = 8054 Participants
excluded who did not
v »| have required Wave
6 data
Participants with N = 3286*
complete Wave 6
data for this study
N = 4769
Participants

A 4

excluded who did not
have required Wave
7 data
N = 530**

A4
Eligible participants
with complete Wave
6 and Wave 7 data
for this study
N = 4239

* Participants were excluded if they were < 60 years old (n=2143), had either no
measurement, an incomplete or a zero measurement for waist circumference (n=0), body
mass index or body mass index < 18.5kg/m2 (n = 241), hand-grip strength (n=112), sit-to-
stand time (n=789) or if they had refused to answer the question about falls in the previous
2 years (n=0). ** 530 participants were excluded if they did not complete, or refused to
answer, the question about falls in the previous 2 years.

Measures
Falls and injuries

At wave 7 participants aged 60 years and above were asked
if, for any reason, they had fallen in the past two years or since
the date of their last interview. This question was used to derive
an outcome variable for incident falls since baseline (wave 6). If
participants responded that they had fallen in the past two years,
they were subsequently asked whether that fall resulted in an
injury that required medical attention. Participants who could
not recall whether they had a fall or injury were assumed to not
have had a fall or injury in the analysis.

Independent variables

Sociodemographic factors included age and sex. Available
self-reported data on co-morbidities included “diabetes or high
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blood sugar”, coronary heart disease (CHD), arthritis (including
osteoarthritis and rheumatism) and stroke (cerebrovascular
disease). BMI was calculated as weight (kg) divided by height
(m?). Two measurements of waist circumference (WC) were
recorded; a third was taken if the initial two measurements
differed by 3cm or more. The average of these measurements
was used in the analyses. Three measurements of grip strength
were taken on both dominant and non-dominant hands using an
isometric hand-grip strength device (Smedley) and a standing
position was used for the majority of participants (19). The
maximum of these measurements was recorded as maximum
hand-grip strength (HGS). A minimum of three hand-grip
strength measurements was required for inclusion in this
present study. The time taken to stand up and sit down five
times from a firm chair without using arms was recorded as sit-
to-stand (STS) time.

Dynapenia, obesity and dynapenic obesity

Dynapenia was defined as a hand-grip strength <20kg for
women and <30kg for men (20), abdominal obesity as waist
circumference >88cm for women and >102cm for men (21) and
dynapenic abdominal obesity as the presence of both dynapenia
and abdominal obesity. All participants were classed into one
of four sub-groups (normal weight/non-dynapenic, dynapenic
only, abdominal obese only and dynapenic abdominal obese).

EWGSOP2 criteria for dynapenia

Exploratory analysis was undertaken to determine whether
alternative EWGSOP2 consensus measures of dynapenia (STS
<15s; hand-grip strength <16kg for women and <27kg for men)
(22) were also predictive of falls.

Statistical Analysis

Comparison between two groups was undertaken using
either an independent t-test or Mann-Whitney U test; a chi-
square test was used for categorical variables. Comparison
between more than two groups was conducted using either
one-way analysis of variance (ANOVA) with Tukey’s post hoc
test or Kruskal-Wallis test with Dunn’s post hoc test. Multiple
logistic regression was used to examine the association between
measures of obesity, dynapenia or dynapenic abdominal obesity
and incident falls in the next two years. Regression models were
adjusted for age and sex, with results expressed as odds-ratios
(OR) and discriminatory ability expressed as the area under the
receiver operating characteristic curve (AUC). Significance was
accepted at p<0.05. Analysis was undertaken using Stata V16.1
(StataCorp 2019).

To address our aims, the following models were used

Individual variable models

Measures of obesity and dynapenia were explored separately
as continuous or categorical variables. For continuous
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Table 1. Descriptive characteristics of participants

Clinical measures

Age (y)

BMI (kg/m?)

Waist circumference (cm)
Functional measures

Sit-to stand test (s)

Max hand-grip strength (kg)
Gait Speed (m/s)

Medical co-morbidities
Diabetes/high blood glucose (%)
Stroke n (%)

CHD n (%)

Arthritis n (%)

All Male Female P
n = 4239 n = 1960 n = 2279
Mean SDMean SDMean SD

69.4 (6.6) 69.3 (6.6) 69.4 (6.6) 0.715
28.2 (4.8) 28.1 (4.2) 282 (5.2) 0917
96.3 (13.1) 101.9 (11.5) 91.5(12.4) <0.001
114 4.1) 109 (3.7) 11.8 (4.4) <0.001
30.9 (10.5) 39.3 (8.5) 238 (5.7) <0.001

1.0 (0.2) 1.0 (0.2) 0.9 (0.2) <0.001
444 (10.5) 252 (12.9) 192 (8.4) <0.001

152 (3.6) 74 (3.8) 78 (3.4) 0.536
391 (9.2) 224 (11.4) 167 (7.3) <0.001
1696 (40.0) 615 (31.4) 1081 (47 4) <0.001

Characteristics are presented as mean and standard deviation or n (%). P-value refers to comparisons between men and women. Abbreviations: BMI = Body Mass Index; CHD = Coronary
Heart Disease (angina or myocardial infarction). Note: 4035 participants had gait speed measurements.

measures of dynapenia or obesity, Z-scores were calculated
as an individual’s result minus the population mean, divided
by the population standard deviation. The use of Z-scores
aimed to allow greater comparability between measures with
different units e.g. centimetres, kilograms. Categorical variables
of obesity and dynapenia were dichotomous for presence or
absence of the phenotype according to consensus definitions.
The non-obese or non-dynapenic groups were used as the
reference group for the relevant analyses.

DAO models

The four sub-groups previously described, namely non-
obese/non-dynapenic, dynapenic only, abdominal obese only,
and DAO were included. The non-obese/non-dynapenic groups
were used as the reference groups.

Results

Baseline characteristics

A total of 8054 participants took part in the interviews and
nurse visits at wave 6. Of the 5911 adults aged =60 years,
4239 adults aged 60-87 years had the complete data necessary
for the analysis at waves 6 and 7 (Fig. 1). Of these, 46%
were male and 54% female (Table 1). Body mass index was
similar between male and female participants, however men
had greater waist circumference, hand-grip strength and quicker
sit-to-stand times. More male participants reported that they
had “diabetes or high blood sugar” or coronary heart disease
(12.9% and 11.4%, respectively) than women (8.4% and 7.3%,
respectively). More women reported that they had arthritis
(including osteoarthritis and rheumatism; 47.4%) than men

(31.4%). A similar proportion of men and women reported
previously having a stroke (cerebral vascular disease).

Prevalence of abdominal obesity and dynapenia

According to waist circumference, 53% (n=2241) were obese
(59% of women, 46% of men, p<0.001). The proportion of
adults with dynapenia was 16.9% (n=720; 21% of women, 13%
of men, p<0.001).

Incident falls

Twenty five percent of participants (n=1049) reported one
or more falls in the two years between waves 6 and 7. Of those
who fell, 60.5% fell once and 21.4% fell twice. More women
fell (n=636, 28%) than men (n=413, 21%; p<0.001) but men
reported a higher average number of falls (3.1 £ 11.7) than
women (2.1 + 8.2; p=0.047). Of those who fell, 27% (n=284)
reported an injury that required medical attention; more women
who fell reported injury (n=197, 31%) than men (n=87, 21%,
p<0.001).

Association between falls, dynapenia and obesity

The associations between abdominal obesity and dynapenia
as continuous variables, and falls incidence, are shown in Table
2. In the whole cohort, abdominal obesity and dynapenia were
individually associated with falls incidence. A clear difference
in the associations emerged when the analyses were explored by
sex. Higher waist circumference was significantly predictive of
falls in men but not women. Lower hand-grip strength showed
similar relationships with falls incidence in men and women
but, in contrast to the overall analysis, did not reach statistical
significance in either sex.
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Table 2. Associations (expressed as odds ratios) between continuous measures (Z-scores) and consensus definitions of abdominal

obesity or dynapenia and falls, by sex

All (n=4239)

Adjusted OR [95% CI] P OR
Obesity

WC (cm) 1.13 [1.10-1.22] 0.001 1.27
Abdominal Obesity 1.27 [1.10-1.47] 0.001 147
Dynapenia

HGS (kg) 0.87 [0.78-0.98] 0.022 0.89
Dynapenia 1.36 [1.13-1.63] 0.001 1.36

Male (n=1960) Female (n=2279)

[95% CI] P OR [95% CI] P
[1.13-1.44] <0.001 1.06 [0.96-1.17] 0.225
[1.18-1.84] 0.001 1.14 [0.94-1.37] 0.176
[0.76-1.03] 0.129 0.87 [0.72-1.04] 0.128
[1.00-1.87] 0.053 1.36 [1.09-1.71] 0.008

Logistic regression models adjusted for age and sex. Abdominal obesity is defined as WC >88cm for women, >102cm for men; comparison is made to the reference non-abdominal obese
group. Dynapenia is defined as HGS <20kg for women, <30kg for men; comparison is made to the reference non-dynapenic group. Abbreviations: OR = odds ratio; CI = confidence

interval; WC = Waist Circumference; HGS = Hand-grip strength.

Figure 2. Association between Dynapenic Abdominal Obesity
and falls

Dynapenic Abdominal Obesity - All
Predictor:
OR
Joint model (both predictors in same model)| (95% CI)
High Waist Circumference (WC) —@— 1.3(1.1, 1.5)
Poor Hand-Grip Strength (HGS) P 1.4 (1.1, 1.6)
Four sub-group model
Normal WC/Normal HGS L 1.0 (referent)
Normal WC/Poor HGS ——— 1.4(1.1,1.9)
High WC/Normal HGS ° 13(1.1,1.5)
High WC/Poor HGS 1.7(13,2.2)
——————
0.0 05 1.0 15 2.0 25 30 35
Dynapenic Abdominal Obesity - Male
Predictor:
OR
Joint model (both predictors in same model)) (95% CI)
High Waist Circumference (WC) — 1.5(1.2,1.8)
Poor Hand-Grip Strength (HGS) P 1.4(1.0,1.9)
Four sub-group model
Normal WC/Normal HGS . 1.0 (referent)
Normal WC/Poor HGS L 1.4 (0.9, 2.1)*
High WC/Normal HGS ° 1.5(1.2,1.9)
High WC/Poor HGS a 2.1(1.3,32)
L 2
0.0 0.5 1.0 L5 2.0 25 3.0 35
Dynapenic Abdominal Obesity - Female
Predictor:
OR
Joint model (both predictors in same model)) (95% CI)
High Waist Circumference (WC) e 1.1(0.9, 1.4)*
Poor Hand-Grip Strength (HGS) e 1.4(1.1,1.7)
Four sub-group model
Normal WC/Normal HGS L 1.0 (referent)
Normal WC/Poor HGS . 1.4 (1.0,2.0)*
High WC/Normal HGS H-e 1.2(0.9, 1.4)*
High WC/Poor HGS 1.5(1.1,2.1)
—————
0.0 05 1.0 15 2.0 25 3.0 35

Multiple logistic regression adjusted for age (b, ¢) and also sex (a). Dependent variable:
Self-reported fall (yes/no). Joint-model independent variables: abdominal obesity expressed
as high waist circumference (WC; >102cm M, >88cm F) and dynapenia expressed as
poor hand-grip strength (HGS; <30kg M, <20kg F); the non-obese or non-dynapenic
group was set as the reference. Four sub-group model: a categorical variable of dynapenic
abdominal obesity (DAO); the normal WC/normal HGS group was set as the reference.
Dynapenic Abdominal Obesity = WC (>102cm M, >88cm F) and HGS (<30kg M, <20kg
F). Abbreviations: OR = odds ratio; CI = confidence interval. * Not significantly different
from reference group.

Next, we categorised participants according to the consensus
definitions of abdominal obesity and dynapenia and examined
the association with falls (Table 2). Similar patterns emerged
whereby abdominal obesity was associated with falls in men but
not women. Low HGS predicted falls in women but not in men.

Association between falls and dynapenic abdominal
obesity

According to the definition of DAO, participants were
normal weight (neither obese nor dynapenic) (n=1671, 45.2%
female), dynapenic only (n=327, 57.8% female), abdominal
obese only (n=1848, 56.9% female), and DAO (n=393, 72.3%
female). Waist circumference and BMI were similar between
normal weight or obese groups with and without dynapenia.
However, men who were classified as having DAO had a lower
BMI (29.8 + 3.1 kg/m?) than the obese only group (31.4 +
3.9 kg/m?; p=0.0098). Dynapenic and DAO sub-groups were
significantly older than normal weight and obese sub-groups,
respectively.

In the total study population, both high WC and low HGS
were significantly and independently associated with falls
(Fig 2a.) Thus, in a multivariate model containing both
classifications, abdominal obesity (OR 1.3; 95% CI 1.1, 1.5)
and dynapenia (OR 1.4; 95% 1.1, 1.6) were independently
associated with falls incidence. All sub-groups of DAO had a
higher OR of falling compared with the normal weight/non-
dynapenic reference groups, independently of age and sex (Fig.
2a).The combination of both dynapenia and obesity (DAO)
had the strongest association (OR 1.7; 95% CI 1.3, 2.2) with
falls incidence (Fig 2a.) compared to those classified as normal
weight (neither obese nor dynapenic).

Analysis by sex identified that the combination of abdominal
obesity and dynapenia was associated with falls incidence in
men (Fig. 2b). In contrast, both the joint-model analysis and
four sub-group model confirmed that dynapenia rather than
abdominal obesity was better associated falls in women (Fig.
2c). The OR for dynapenia and DAO in women was similar,
however the dynapenic sub-group was not significant.

Discriminative ability of dynapenia, obesity and dynapenic
obesity AUC analysis was used to determine how well
continuous measures of dynapenia, obesity or definitions of
dynapenic abdominal obesity predicted falls at an individual
level. The receiver operating characteristic curves (ROC)
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demonstrated that the discriminative ability of dynapenia
(AUC 0.51; 95% CI 0.49-0.53) or abdominal obesity was low
(AUC 0.57; 95% CI 0.55-0.59) For the definition of DAO,
AUC was also low (0.56; 95% CI 0.54-0.58) indicating poor
discriminative ability. The AUC was similarly low when the
group was divided by sex (data not shown).

EWGSoP2

As part of an exploratory analysis, we examined the
relationship between the more recent EWGSOP2 consensus
criteria of dynapenia (STS, HGS) (22) and falls. Using
EWGSOP2 criteria (HGS <27kg (M), <16kg (F)), 7% (n=316)
had low HGS (8% of women, 7% of men, p=0.076) and 14%
had slow STS (<15s; 16% of women, 11% of men, p<0.001).
Low HGS was not associated with falls in men or women.
Sit-to-stand time predicted falls in women but this was not
significant in men in either individual variable or joint model
analysis (Table S1).

Discussion

In this observational cohort study of English adults aged
60-87 years, we found that individuals with DAO had a
greater odds of falling compared with normal weight adults.
However, a key finding of this study was the sex-specific
relationship between abdominal obesity, dynapenia and falls:
the combination of abdominal obesity and dynapenia, or DAO,
was only predictive of falls in men. In contrast, dynapenia alone
rather than abdominal obesity was a stronger predictor of falls
in women.

In line with others (7, 8, 23), prevalence of dynapenic
abdominal obesity was 9% in this cohort. This coexistence of
dynapenia and abdominal obesity is concerning considering
the aggravating (14-16) and potential synergistic effects of
both phenotypes (24). In agreement with previous studies
(10-12), we have demonstrated that DAO and its individual
components are associated with falls incidence. Our novel
findings that DAO is only predictive of falls in men with a
lack of association observed between abdominal adiposity and
falls in women, differ from the prospective study by Gadelha
et al. (10) which found that the combination of dynapenia and
abdominal obesity was associated with a greater risk of falling
in older women. However, this study was small (n=201) and
the individual phenotypes of dynapenia and abdominal obesity
were not associated with falls. Other studies either did not
consider sex separately (12) or looked at associations with falls
risk rather than falls incidence (11).

There is reasonable correlation between upper and lower
limb strength (25), thus potentially explaining the association
between hand-grip strength and falls in both men and women.
Additionally, hand-grip strength is associated with other factors
(e.g. poor nutritional status (26)) which also associate with falls
(2). However, this does not explain the discordant effects of
abdominal obesity in men and women.

One possible explanation for our observed sexual
dimorphism may relate to differences in fat distribution
(and thus body shape) in men and women influencing an
individual’s biomechanical movement. Menegoni et al. (27)
found that greater BMI was associated with greater anterior-

posterior instability in men and women whereas greater
centre of pressure displacement and medio-lateral instability
was only observed in men. The authors hypothesised that
male (android) and female (gynoid) patterns of body fat
distribution may explain this observation with an android
shape characterised by greater mass/load over the hips and
thus medio-lateral instability (27). Moreover, increased body
mass, particularly abdominally, requires greater ankle torque
to maintain stability (27, 28). Therefore, with regards to
clinical intervention, although strength and balance training
is currently recommended for falls prevention (1), carefully
monitored weight management may provide another important
consideration (29) given that abdominal obesity is an additional
independent predictor of falls in men.

Finally, we explored and compared the definition of DAO
using the latest consensus definitions of low muscle strength
(22). The latest EWGSOP2 consensus suggests that dynapenia
is sufficient to initiate clinical assessment and intervention
(22). It is therefore interesting that low hand-grip strength
using EWGSOP?2 criteria did not predict falls in our study.
In agreement with others (30, 31), our findings suggest that
further research is required to understand how these cut-offs
associate with functional outcomes. In addition, we observed
sex-specific differences for sit-to-stand time suggesting that
functional measures relate differently to falls incidence in men
and women. These results suggest that, for the outcome of falls,
hand-grip strength and sit-to-stand time may not be comparable
surrogates as proposed (22).

The limitations of this study must be acknowledged. First,
falls and fall-related injuries were self-reported and are subject
to recall bias and thus may be inaccurate. Second, participants
with incomplete measures were excluded and reasons for non-
completion were not always available. Third, an age-range
of 60-87 years may be considered a heterogenous group in
relation to falls prevalence (32) and body composition (33,
34). However, a linear relationship was found between age
and falls incidence, thus age was included as a covariate in
our models. Fourth, analyses were exploratory and have not
been corrected for multiple comparisons. Lastly, the effect of
co-morbidities and other confounding factors (e.g. cognition,
frailty, nutrition) requires further consideration. However, we
did not include frailty as an independent variable as the Fried
Frailty phenotype includes a measure of muscle strength and
thus both are correlated.

Overall, dynapenia was associated with falls in men and
women, whereas a link between abdominal obesity and falls
was only evident in men. Consequently, a synergistic effect of
abdominal obesity and dynapenia, DAO, and falls was only
found in men. The use of these anthropometric and functional
measures to identify patients at risk of falls is appealing due
to their ease of clinical application and associations with
adverse outcomes. A single cut-off approach has been utilised
by numerous consensus committees (20, 22, 35) and further
improves clinical acceptability and awareness. However,
individual discrimination was low in this study suggesting
that, in their current form, these measures may better serve
as an adjunctive tool to clinical decision making (36). Of



clinical relevance, our findings suggest that aside from targeting
regular physical activity and strength training in later life to
prevent dynapenia, weight maintenance and obesity prevention
provide another potentially important public health intervention
that may reduce the risk of falls in older people. This seems
particularly relevant in older men considering our findings.
The current challenge remains to find a way to operationalise a
functionally-relevant definition of dynapenic abdominal obesity
at an individual level and identify optimal treatment strategies.
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