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Abstract

Objective: to investigate whether the combination of dynapenia and abdominal obesity is worse than these two conditions
separately regarding gait speed decline over time.
Methods: a longitudinal study was conducted involving 2,294 individuals aged 60 years or older free of mobility limitation
at baseline (gait speed >0.8 m/s) who participated in the English Longitudinal Study of Ageing. Dynapenia was determined
as a grip strength <26 kg for men and <16 kg for women. Abdominal obesity was determined as a waist circumference
>102 cm for men and >88 cm for women. The participants were divided into four groups: non-dynapenic/non-abdominal
obese (ND/NAO); only abdominal obese (AO); only dynapenic (D) and dynapenic/abdominal obese (D/AO). Generalised
linear mixed models were used to analyse gait speed decline (m/s) as a function of dynapenia and abdominal obesity status
over an 8-year follow-up period.
Results: over time, only the D/AO individuals had a greater gait speed decline (−0.013 m/s per year, 95% CI: −0.024 to
−0.002; P < 0.05) compared to ND/NAO individuals. Neither dynapenia nor abdominal obesity only was associated with
gait speed decline.
Conclusion: dynapenic abdominal obesity is associated with accelerated gait speed decline and is, therefore, an important
modifiable condition that should be addressed in clinical practice through aerobic and strength training for the prevention of
physical disability in older adults.
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Key Points

• Dynapenic abdominal obesity is associated with accelerated gait speed decline.
• Dynapenic obesity, measured by BMI, was not associated with gait speed decline.
• Neither dynapenia nor abdominal obesity only was associated with gait speed decline.
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Introduction

Mobility measured by gait speed is considered the sixth
vital sign in the assessment of older adults [1, 2]. Mobil-
ity limitation compromises independence and increases the
risk of falls, functional loss, hospitalization and death [3].
The decline in gait speed is a complex process associated
with increasing age, low schooling and income, physical
inactivity, smoking, joint diseases, diabetes, hypertension,
heart disease, stroke, depression, cognitive decline [4, 5], age-
related decline in muscle strength (dynapenia) and body fat
accumulation [6].

Dynapenia is characterised by deficiencies in neural acti-
vation and motor recruitment patterns, the loss of alpha
motor neurons, the replacement of type II fibres with type
I fibres, as well as changes in muscle mass and architec-
ture [7]. Moreover, with increasing age, there is an accu-
mulation of intramuscular and abdominal fat, along with
a reduction in subcutaneous fat [8–11]. Independently of
intramuscular fat, an increase in abdominal fat stimulates
pro-inflammatory activity [8–10, 12] and protein catabolism
and blocks the effect of insulin on both muscle anabolism
and the repair process of motor neurons [9, 10] compromis-
ing muscle strength [8, 13], which has a negative impact on
mobility.

The co-existence of obesity and dynapenia, which is
denominated dynapenic obesity, has been considered as a risk
factor associated with gait speed decline. In a cross-sectional
study, Yang and collaborators [14] found an association
between dynapenic obesity (defined as a body mass index
[BMI] ≥ 25 kg/m2 and the lowest tertile of grip strength)
and slower gait speed. In another cross-sectional study,
Bouchard and Janssen [15] found a similar association,
defining dynapenic obesity as the highest tertile of total
fat mass (determined by dual-energy x-ray absorptiometry)
and the lowest tertile of leg extensor strength. On the
other hand, the few longitudinal studies addressing this
issue report conflicting results. Stenholm and collaborators
[16] found that dynapenic obesity (BMI ≥ 30 kg/m2 and
the lowest tertile of knee extensor strength) was associated
with gait speed decline, whereas Batsis and collaborators
[17], using the same definition of dynapenic obesity as
Stenholm and collaborators [16], did not find such an
association.

At present, there is a lack of consensus about the con-
cept of dynapenic obesity. In addition, to the best of our
knowledge, the association between dynapenic abdominal
obesity (defined by a waist circumference >88 cm for women
and >102 cm for men and a grip strength <16 kg for
women and <26 kg for men) and mobility decline has not
been analysed, despite being related to worse trajectories of
basic and instrumental activities of daily living (BADLs and
IADLs) disability [18, 19], the occurrence of falls [20] and
mortality [21]. Therefore, the present study aimed to test
the following hypothesis: among individuals free of mobility
limitations at baseline, the trajectory of gait speed decline

over an 8-year follow-up period is greater in individuals
with dynapenic abdominal obesity than those with only
dynapenia or only abdominal obesity.

Methods

Study population

Data were extracted from the English Longitudinal Study
of Ageing (ELSA), an ongoing panel study involving
community-dwelling individuals in England aged 50 years
or older. ELSA began in 2002 with a sample composed
of participants of the Health Survey for England (HSE), a
nationally representative survey using a random probability
sample stratified in different stages [22]. ELSA follow-up
interviews occur every 2 years and health examinations
(i.e. nurse visits), carried out for the first time in 2004,
every 4 years. A detailed description of the study can be
found in a previous publication [23]. The present sample
was composed of 2,294 individuals aged 60 years or older
free of mobility limitation at baseline (gait speed >0.8 m/s)
[3, 24] that participated in ELSA in 2004–2005, reassessed
in 2008–2009 and 2012–2013 totalizing 8-year follow-up
period.

Gait speed

Usual gait speed was determined by the best time between
two consecutive trials for 2.4 m on a flat surface without the
use of a gait-assistance device [25–27]. The total course in
meters was divided by the time in seconds for conversion
into meters/second (m/s). In the trajectory analysis, gait
speed in m/s was considered a continuous variable [28]. To
ensure the inclusion of individuals free of mobility limita-
tion at baseline, only participants with a gait speed greater
than 0.8 m/s were selected. This cut-off point was chosen
because it is more sensitive and the most frequently used
to identify adverse health outcomes in older adults, such as
the incidence of mobility limitation, BADLs disability and
mortality, than cut-offs of 1.0 or 1.2 m/s [3, 24].

Anthropometric measures and classification
of groups

Muscle strength was determined using a hand dynamometer
(Smedley; range: 0–100 kg). Grip strength is widely used as
a measure of muscle strength and is considered a reliable
predictor of negative outcomes [29–31], such as mobility
limitation and BADLs disability [29, 32–35]. Moreover,
previous studies show similarities between grip strength and
knee extensor strength [36, 37] in the association with gait
speed decline [32–34]. The test was performed with the par-
ticipant standing, arms alongside the trunk and elbow flexed
at 90◦ [38]. Three maximum trials were performed with the
dominant hand, respecting a 1-min interval between trials.
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The highest value was considered in the analysis. Dynapenia
was defined as grip strength <26 kg for men and <16 kg for
women [18, 19, 24].

Waist circumference was measured using a metric tape at
the midpoint between the lowest rib and upper margin of the
iliac crest. The participant remained standing and two mea-
surements were made at the end of the expiratory phase of
the respiratory cycle [38]. If the difference between readings
exceeded 3 cm, a third measurement was taken. Abdominal
obesity was defined as waist circumference >102 cm for men
and >88 cm for women [39, 40].

The participants were divided into four-category time-
varying groups based on their dynapenia and abdominal
obesity status: non-dynapenic/non-abdominal obese (ND/-
NAO); only abdominal obese (AO); only dynapenic (D) and
dynapenic/abdominal obese (D/AO) [19].

Co-variates

The co-variates included in the present analysis constitute a
broad spectrum of factors associated with gait speed decline
[4]. All co-variates were treated as having fixed and a random
effect over time.

The sociodemographic variables were sex, age, marital
status (with or without conjugal life), educational level (0–
11 years; 12–13 years; >13 years) and total household
wealth, including financial, housing and physical wealth,
such as jewellery and artwork (divided into quintiles).

Health-related behaviours included the classification of
the participants as non-smoker, former smoker (individuals
who quit smoking at least 1 year earlier) or current
smoker. Frequency of alcohol consumption was classified
as non-drinkers or drinking 1 day a week, drinking on 2–
6 days a week or drinking daily [18]. Sedentary lifestyle
(vigorous or moderate physical activity once per week,
one to three times per month, hardly ever or never;
any mild physical activity) or active lifestyle (vigorous or
moderate physical activity more than once a week) [19] was
defined based on the level of physical activity determined
by the instrument validated by the Health Survey for
England [41].

Health status was determined by self-reported medical
diagnosis of cancer, stroke, systemic arterial hypertension,
heart disease, lung disease, joint disease, osteoporosis and
falls in the previous 12 months. Diabetes was recorded in
the occurrence of glycated haemoglobin ≥6.5% [42].

Memory was assessed using word-list learning test with
higher scores indicating a better memory (range: 0–20
words) [43]. Depressive symptoms were determined using
the Center for Epidemiologic Studies Depression Scale
(CES-D), considering a cut-off of ≥4 points [44].

Weight (kg) was measured using a Tanita electronic scale
without shoes and wearing light clothing. Height (m) was
measured using a standardised Leicester portable stadiome-
ter. BMI was calculated using the standard formula [weight
(kg)/height (m) squared].

Statistical analysis

Differences in the baseline characteristics among the four
analytical groups according to dynapenia and abdominal
obesity status were evaluated using the chi-square test,
analysis of variance (ANOVA), and post hoc Tukey’s test.
A P value <0.05 was considered indicative of statistical
significance.

To estimate the trajectories of gait speed over time, we
used generalised linear mixed models using the XTMIXED
procedure in Stata 14 SE (Stata Corp, College Station,
TX, USA). This model deals better with unbalanced data
in studies with repeated measures, enabling the statistical
modelling of time-dependent changes in the outcome and
the magnitude of associations between variables [45, 46].
The rates of gait speed decline were compared using ß
coefficients and 95% confidence intervals (CI). In the final
models, the intercept represents the estimated mean differ-
ence in gait speed at baseline among individuals accord-
ing to dynapenia and abdominal obesity status, taking the
ND/NAO as the reference category. On the slope, time
(in years) indicates the magnitude of the trajectory of gait
speed decline independently of the co-variates (as if time
per se was determinant of the decline). The interaction
between time and each dynapenia and abdominal obesity
status represents the estimated difference in the annual rate of
gait speed decline (slope) between each of the three groups
(AO, D and D/AO) and the reference group (ND/NAO),
evaluating the annual rate of the change in gait speed in each
group.

Three sensitivity analyses were also performed. First, to
investigate whether dynapenia alone (yes/no) and abdom-
inal obesity alone (yes/no), i.e. as independent conditions,
would be capable of modifying the associations found in the
original models; second, to investigate whether dynapenic
obesity using BMI ≥ 30 kg/m2 instead of abdominal obesity
is associated with gait speed decline; and third, to inves-
tigate whether the results would be consistent with the
original model when considering the 1,452 individuals with
complete data in the 8 years of follow-up.

Results

Among the 2,294 participants free of mobility limitation at
baseline, 1,749 and 1,452 were re-evaluated after 4 and 8
years, respectively. Little more than 63% of the initial ana-
lytical sample participated in the three waves of the study and
76% participated in two waves. The baseline characteristics
according to dynapenia and abdominal obesity status are
displayed in Table 1.

Table 2 displays the estimated parameters of the gen-
eralised linear mixed model for changes in gait speed as
a function of dynapenia and abdominal obesity status in
8-year follow-up period. Time per se was not an independent
predictor of gait speed decline. Among the groups anal-
ysed, the AO group had worse gait speed on the intercept
(−0.024 m/s 95% CI: −0.046 to −0.001; P < 0.05) than
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Table 1. Baseline characteristics of 2,294 older adults of ELSA study (2004) according to dynapenia and abdominal obesity
status

ND/NAO AO D D/AO
n = 1,180 n = 991 n = 74 n = 49

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, (mean ± SD) 68.3 ± 6.5 68.2 ± 6.0 74.0 ± 8.4a,b 71.2 ± 9.0a,b

Sex (female), (%) 46.4 55.1a 48.6 63.3
Marital status (without conjugal life), (%) 28.5 26.3 39.2 40.8
Household wealth, (%)

1st quintile (highest) 31.9 25.1a 21.6 14.3a

2nd quintile 25.1 22.6 29.7 22.4
3rd quintile 19.4 23.0 21.6 32.7
4th quintile 14.4 16.8 10.8 12.2
5th quintile (lowest) 8.0 11.0 16.3 18.4a

Not reported (%) 1.2 1.5 - -
Educational level (%)

>13 years 30.8 26.0 24.3 8.2a,b

12–13 years 25.5 22.7 20.3 30.6
0–11 years 43.7 51.3 55.4 61.2

Smoking status (%)
Non-smoker 42.2 37.0 24.3a 30.6
Ex-smoker 46.9 53.3a 66.2a 59.2
Smoker 10.9 9.7 9.5 10.2

Alcohol intake (%)
Non-drinker or rare drinker 12.4 15.4 16.2 20.4
Frequent drinker 44.2 44.0 44.6 42.9
Daily drinker 38.1 34.3 31.1 20.4a

Did not answer 5.3 6.3 8.1 16.3a,b

Physical activity status (sedentary) (%) 20.3 28.0a 27.0 42.9a

Hypertension (%) 33.7 49.9a 35.1b 53.1
Diabetes (%) 4.8 8.9a 1.4 10.2
Cancer (%) 8.1 9.2 13.5 2.0
Lung disease (%) 14.2 16.4 10.8 22.4
Heart disease (%) 19.7 19.3 18.9 36.7a,b

Stroke (%) 3.1 2.4 2.7 6.1
Joint disease (%) 26.8 36.9a 63.5a,b 63.3a,b

Osteoporosis (%) 6.2 5.0 10.8 12.2
Falls (%) 23.7 26.1 31.1 32.7
Depressive symptoms (%) 6.7 9.1 13.5 12.2
Memory score, points (mean ± SD) 10.3 ± 3.1 10.3 ± 3.1 9.1 ± 3.9a,b 9.4 ± 3.2
Body mass index, kg/m2 (mean ± SD) 24.8 ± 2.5 30.4 ± 3.6a 24.1 ± 2.8a,b 29.5 ± 4.5a,c

Grip strength, kg (mean ± SD)
Men 40.0 ± 7.3 41.1 ± 7.5a 18.5 ± 7.8a,b 20.9 ± 5.1a,b

Women 24.8 ± 4.9 25.3 ± 4.7 11.9 ± 3.0a,b 12.4 ± 3.1a,b

Waist circumference, cm (mean ± SD)
Men 93.7 ± 6.2 109.8 ± 6.5a 92.1 ± 7.9b 111.3 ± 10.1a,c

Women 80.3 ± 5.4 98.1 ± 8.2a 80.2 ± 6.2b 97.4 ± 7.3a,c

Gait speed, m/s (mean ± SD) 1.10 ± 0.2 1.05 ± 0.2a 1.02 ± 0.2a 1.00 ± 0.2a

Data expressed as percentage, mean and standard deviation (SD). Hyphen (−) indicates absence of observations. ND/NAO: non-dynapenic/non-abdominal
obese; AO: only abdominal obese; D: only dynapenic; D/AO: dynapenic/abdominal obese. Statistical significance P < 0.05 aSignificantly different from ND/NAO
bSignificantly different from AO cSignificantly different from D

ND/NAO. Over an 8-year follow-up, only the D/AO group
had greater gait speed decline compared to the ND/NAO
group. The estimated parameter for the difference in the
slope was −0.013 m/s per year (95% CI: −0.024 to −0.002;
P < 0.05), which corresponds to −0.15 m/s at the end of the
8-year follow-up (Figure 1 and Table 5) after adjusting for
age, sex, household wealth, smoking status, physical activity
status, depressive symptoms, diabetes, hypertension, heart
disease, falls, osteoporosis, joint disease, mean memory score,
height and weight. Table 5 and Figure 1 show the predicted
mean values of gait speed for the ND/NAO, AO, D and

D/AO groups in each year during the 8-year follow-up
period in 2,294 English older adults.

Compared to our main analysis, the results of the first
sensitivity analysis confirmed that abdominal obesity alone
and dynapenia alone (as independent conditions) were not
associated with gait speed decline over time (Table 3). The
second sensitivity analysis confirmed that dynapenic obesity
(BMI ≥ 30 kg/m2 and grip strength <26 kg for men and
<16 kg for women) was not associated with gait speed
decline over time (Table 4). The third sensitivity analysis,
including 1,452 individuals with complete data during
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Table 2. Generalised linear mixed model estimated for gait speed decline as a function of dynapenia and abdominal obesity
status in 8-year follow-up (2004–2012) of 2,294 English older adults—main analysis

Dynapenia and abdominal obesity status Estimated parameters (lower to upper 95%CI)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Time, years 0.022 (−0.045 to 0.090)
Intercept
Non-dynapenic/non-abdominal obese Reference
Only abdominal obese −0.024 (−0.046 to −0.001)∗
Only dynapenic −0.032 (−0.076 to 0.013)
Dynapenic/abdominal obese −0.021 (−0.075 to 0.033)
Slope
Time × Non-dynapenic/non-abdominal obese Reference
Time × Only abdominal obese −0.004 (−0.010 to 0.001)
Time × Only dynapenic −0.002 (−0.011 to 0.008)
Time × Dynapenic/abdominal obese −0.013 (−0.024 to −0.002)∗

Dynapenia was defined by grip strength <26 kg for men and <16 kg for women. Abdominal obesity was defined by waist circumference >102 cm for men and
>88 cm for women. Estimated parameters represent difference in slope (estimated changes in gait speed per unit of time) between groups in question and reference.
Model adjusted by age, sex, household wealth, smoking status, physical activity status, depressive symptoms, diabetes, hypertension, heart disease, falls, osteoporosis,
joint disease, mean memory score, height and weight ∗P < 0.05

Figure 1. Gait speed trajectory according to dynapenia and abdominal obesity status adjusted for age, sex, household wealth,
smoking status, physical activity status, depressive symptoms, diabetes, hypertension, heart disease, falls, osteoporosis, joint disease,
mean memory score, height and weight—main analysis ELSA Study 2004–2012.

the 8-year follow-up period (Supplementary Figure S1,
Supplementary Tables S1 and S2 available in Age and Ageing
online), did not alter the results found in the main analysis
(Figure 1 and Table 5).

Discussion
Our main findings in individuals free of mobility limitation
at baseline showed that dynapenic abdominal obesity is

worse than only dynapenia and only obesity with regard to
gait speed decline over time in older adults, underscoring the
relevance of this condition as a clinical entity. In contrast,
dynapenic obesity was not associated with gait speed decline.

Cross-sectional studies using different methodologies
have investigated the relationship between dynapenic obesity
and slower gait speed. Evaluating 616 Chinese individuals
aged 60 years or older considering BMI ≥ 25 kg/m2 and
lowest tertile of grip strength, Yang and collaborators [14]
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Table 3. Generalised linear mixed model estimated for gait speed decline as a function of dynapenia alone and abdominal
obesity alone, as independent conditions, in 8-year follow-up (2004–2012) of 2,294 English older adults—sensitivity analysis

Dynapenia alone and abdominal obesity alone (as
independent conditions)

Estimated parameters (lower to upper 95% CI)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Time, years 0.021 (−0.046 to 0.088)
Intercept
Abdominal obesity alone -0.021 (−0.043 to 0.001)
Dynapenia alone -0.018 (−0.052 to 0.017)
Slope
Time × Abdominal obesity alone -0.005 (−0.010 to 0.001)
Time × Dynapenia alone -0.004 (−0.012 to 0.003)

Sensitivity analysis using dynapenia alone (yes/no) and abdominal obesity alone (yes/no) as independent conditions, instead of combining both conditions.
Dynapenia was defined by grip strength <26 kg for men and <16 kg for women. Abdominal obesity was defined by waist circumference >102 cm for men
and >88 cm for women. Estimated parameters represent difference in slope (estimated changes in gait speed per unit of time) between groups in question and
reference. Model adjusted by age, sex, household wealth, smoking status, physical activity status, depressive symptoms, diabetes, hypertension, heart disease, falls,
osteoporosis, joint disease, mean memory score, height and weight ∗P < 0.05

Table 4. Generalised linear mixed model estimated for gait speed decline as a function of dynapenia and obesity (BMI)
status in 8-year follow-up (2004–2012) of 2,294 English older adults—sensitivity analysis

Dynapenia and obesity (BMI) status Estimated parameters (lower to upper 95% CI)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Time, years −0.002 (−0.031 to 0.026)
Intercept
Non-dynapenic/non-obese Reference
Only obese −0.031 (−0.054 to −0.009)∗
Only dynapenic −0.022 (−0.059 to 0.016)
Dynapenic/obese −0.050 (−0.137 to 0.036)
Slope
Time × Non-dynapenic/non-obese Reference
Time × Only obese −0.002 (−0.004 to 0.008)
Time × Only dynapenic −0.004 (−0.012 to 0.004)
Time × Dynapenic/obese −0.003 (−0.020 to 0.013)

Sensitivity analysis using dynapenic obesity (BMI ≥ 30 kg/m2 and grip strength <26 kg for men and <16 kg for women) instead of dynapenic abdominal obesity
(waist circumference >102 cm for men and >88 cm for women and grip strength <26 kg for men and <16 kg for women). Estimated parameters represent
difference in slope (estimated changes in gait speed per unit of time) between groups in question and reference. Model adjusted by age, sex, household wealth,
smoking status, physical activity status, depressive symptoms, diabetes, hypertension, heart disease, falls, osteoporosis, joint disease, mean memory score and waist
circumference ∗P < 0.05

Table 5. Prediction of average annual gait speed as a function of dynapenia and abdominal obesity status in 8-year follow-up
(2004–2012) of 2,294 English older adults—main analysis

ND/NAO AO D D/AO

Predicted 95% CI Predicted 95% CI Predicted 95% CI Predicted 95% CI
values values values values

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Baseline 1.064 1.051–1.078 1.041 1.026–1.055 1.032 0.989–1.076 1.043 0.991–1.095
Year 1 1.058 1.047–1.070 1.030 1.018–1.043 1.025 0.987–1.063 1.024 0.980–1.069
Year 2 1.052 1.042–1.063 1.020 1.008–1.031 1.017 0.984–1.051 1.006 0.967–1.044
Year 3 1.046 1.035–1.057 1.009 0.998–1.021 1.010 0.978–1.041 0.987 0.952–1.022
Year 4 1.040 1.028–1.052 0.999 0.986–1.011 1.002 0.970–1.034 0.968 0.934–1.003
Year 5 1.034 1.020–1.048 0.989 0.974–1.003 0.995 0.960–1.030 0.950 0.913–0.986
Year 6 1.028 1.012–1.045 0.978 0.961–0.995 0.987 0.947–1.027 0.931 0.890–0.972
Year 7 1.022 1.003–1.042 0.968 0.948–0.988 0.979 0.933–1.026 0.912 0.865–0.960
Year 8 1.016 0.994–1.039 0.957 0.934–0.981 0.972 0.918–1.029 0.893 0.838–0.949

Dynapenia was defined by grip strength <26 kg for men and <16 kg for women. Abdominal obesity was defined by waist circumference >102 cm for men
and >88 cm for women. ND/NAO: non-dynapenic/non-abdominal obese; AO: only abdominal obese; D: only dynapenic; D/AO: dynapenic/abdominal obese.
Adjusted by age, sex, household wealth, smoking status, physical activity status, depressive symptoms, diabetes, hypertension, heart disease, falls, osteoporosis, joint
disease, mean memory score, height and weight.
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found that dynapenic obesity was associated with slower gait
speed in older adults. Bouchard and Janssen [15] reported
the same association in an evaluation of 2,039 men and
women aged 55 years or older considering the highest
tertile of total fat mass (determined by dual-energy x-ray
absorptiometry) and lowest tertile of leg extensor strength.

The only two longitudinal studies found addressing this
issue showed contradictory results. Analysing 930 males
and females aged 65 years or older free of self-reported
mobility limitation at baseline, Stenholm et al . [16] found
that dynapenic obesity (BMI ≥ 30 kg/m2 and lowest tertile
of knee extensor strength) increases the rate of the gait
speed decline over a 6-year follow-up. However, using the
same operational definition, Batsis and colleagues [17] did
not find this association in an analysis of 2,025 individuals
aged 60 years or older with knee osteoarthritis over a 4-year
follow-up period.

Although the sample of the present study had a similar
mean age (68.5 years) as that in the Batsis et al . study [17]
(68.2 years) and both had a lower mean age than that in
the study conducted by Stenholm et al . [16] (74.1 years),
the present results using dynapenic abdominal obesity were
similar to those in the latter study [16]. The lack of associ-
ation between dynapenic obesity and gait speed decline in
the study conducted by Batsis et al . [17] may have occurred
because the mean strength was greater in their sample and,
consequently, the distribution of tertiles resulted in higher
cut-off points for the definition of dynapenia compared to
those from Stenholm et al . study (37.3 vs. 21.5 kg for men
and 23.9 vs. 14.3 kg for women). However, these results
cannot be compared to the present findings due to the fact
that we have used cut-off points for grip strength previously
used in the literature to define dynapenia [18–21]. Moreover,
the individuals that composed the sample at baseline in Batsis
et al . study [17] had higher gait speed in the four groups
studied (ND/NAO, AO, D and D/AO) than those in the
Stenholm et al . study [16] and in the present investigation.
Finally, the follow-up time of Batsis et al .’s study [17] was
shorter. Therefore, as the sample had higher gait speed with
greater strength at baseline, the decline might only be evident
in a longer follow-up period.

We found that dynapenic abdominal obesity was asso-
ciated with gait speed decline, which did not occur with
dynapenic obesity (measured by BMI). The explanation for
this finding may lie in the fact that waist circumference is
better than BMI for measuring fat redistribution over time in
a metabolically more active region [8–10] that exerts a greater
negative impact on muscle strength [8, 13] and, conse-
quently, gait speed [6]. Besides the reduction in grip strength
that occurs with increasing age [47, 48], there is cross-
sectional [49–51] and longitudinal [13] evidence showing
that abdominal obesity measured by waist circumference
may accelerate this process, whereas the contrary occurs with
BMI. For instance, Keevil et al . [49] analysed 8,441 par-
ticipants from the European Prospective Investigation into
Cancer-Norfolk aged 48–92 years and found a reduction
in grip strength of 3.56 kg in men and 1.00 kg in women

for every 10 cm increase in waist circumference, whereas
an increase in grip strength of 4.28 kg in men and 1.26 kg
in women was found for every 4.0 kg/m2 increase in BMI.
This highlights the importance of using waist circumference
rather than BMI and the definition of dynapenic abdominal
obesity rather than dynapenic obesity on the assessment of
older adults.

Ageing is marked by numerous physical and neurophys-
iological changes that can lead to dynapenia. The pathways
involved in this process include deficiencies in neural activa-
tion and motor recruitment patterns, a reduction in muscle
quantity and contractile quality, and fat infiltration in mus-
cle fibres [2]. Moreover, a significant accumulation of age-
related central fat can exacerbate the process of dynapenia
[8, 13] mediated by the increase in the expression of circu-
lating inflammatory cytokines, such as tumor necrosis factor
(TNF-α and TNF-β) and interleukin (IL-6) [8–10, 12]. The
oxidative stress found with this low-grade inflammation can
promote the degradation of muscle fibres as well as attenuate
anabolic action in muscle tissue and regenerative action
in neural tissue due to insulin growth factor (IGF-1) [8–
10, 12]. Therefore, individuals with dynapenic abdominal
obesity may be more predisposed to gait speed decline.

Time per se was not an independent predictor of gait
speed decline. Similar results have been described in previous
studies on the trajectory of BADLs and IADLs disability
[18, 19]. Such findings indicate that mobility decline is
more dependent on adverse socioeconomic, behavioural
and clinical factors than time per se. Noteworthy, the
difference in gait speed between the ND/NAO and D/AO
groups was 0.02 m/s at baseline and increased to nearly
0.12 m/s at the end of the 8-year follow-up, which is
relevant as the literature indicates that 0.10 m/s is the
minimal clinically important difference capable of affecting
gait and exerting an impact on the daily living of older
adults [3]. Thus, as dynapenic abdominal obesity has been
demonstrated to be a risk factor for mortality, falls and
worse trajectories of BADLs and IADLs disability [18, 19],
the present study by linking this condition to gait speed
decline over time presents further evidence that dynapenic
abdominal obesity should be evaluated as a clinical
entity.

The present study has several strong points. The first is
the use of a large representative national English sample of
community-dwelling older adults. Analyses involving three
waves of the study with a long follow-up time make impor-
tant contributions regarding the incidence of gait speed
decline in older adults. The use of an objective physical
performance measure and the adjustment of the models by a
broad spectrum of important variables associated with the
exposure and outcome are further strengths of this study.
Moreover, to the best of our knowledge, this is one of the few
studies to consider the influence of the regional distribution
of adipose tissue in ageing.

This study also has some limitations that should be recog-
nised. First, losses to follow-up could be a source of bias.
Such losses are unavoidable in longitudinal studies involving
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community-dwelling older adults; however, they did not
interfere with our final results. Second, the sample had
a small number of individuals with dynapenic abdominal
obesity. However, this fact did not impede us from finding
an association with gait speed decline over the 8 years of
follow-up. Third, the cut-off points could have led to the
non-classification of individuals in pre-clinical states in the
groups. While this occurs in all studies that use cut-off
points, generalised linear mixed models offer the advan-
tage of analysing variations in the same individual over
time, enabling the identification and incorporation of those
that cross over such thresholds in the subsequent analyses.
Fourth, the lack of information on nutrition and the history
of obesity (onset and duration) may also be considered a
limitation. Finally, waist circumference does not provide a
direct estimate of visceral adiposity, for which more sophis-
ticated exams are required. However, waist circumference is
an especially useful screening tool in clinical practice.

Conclusions

Unlike only dynapenia or only abdominal obesity, dynapenic
abdominal obesity is associated with accelerated gait speed
decline in older adults free of mobility limitation at baseline
and is, therefore, an important condition to be addressed in
clinical practice through aerobic and strength training for the
prevention of physical disability in this population.

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