Aging Clinical and Experimental Research (2025) 37:288
https://doi.org/10.1007/540520-025-03201-6

SYSTEMATIC REVIEW ——

®

Check for
updates

Dynapenic obesity and all-Cause mortality: A systematic review and
Meta-analysis of prospective cohort studies

Amirabbas Nikkhah' - Farshad Sharifi’ - Pouya Ebrahimi® - Marjan Rahimi* - Elaheh Karimi® - Amirhosein Kefayat' -
Moloud Payab* - Bagher Larijani' - Mahbube Ebrahimpur?

Received: 1 January 2025 / Revised: 4 September 2025 / Accepted: 7 September 2025
© The Author(s) 2025

Abstract

Background Dynapenia and obesity have been independently shown to be associated with an increased risk of all-cause
mortality. However, the association between dynapenic obesity [defined by waist circumference (WC) or body mass index
(BMI)] and all-cause mortality is not yet fully elucidated.

Methods We systematically searched databases, including PubMed, Web of Science, and Scopus, to explore the relationship
between dynapenic obesity and all-cause mortality up to February 2024. Pooled hazard ratios (HRs) for all-cause mortality
were calculated for individuals with dynapenic abdominal obesity (DAO) and dynapenic obesity defined by BMI relative to
a healthy reference group.

Results Six studies examining DAO and six assessing dynapenic obesity defined by BMI were included. Individuals with
DAO had a significantly higher risk of all-cause mortality compared to those without dynapenia and with normal WC. The
pooled HR for DAO versus non-dynapenic, non-abdominal obese individuals was 1.73 (95% CI=1.38-2.16), with sub-
stantial heterogeneity across studies (I12=77%, p<0.01). Similarly, individuals with dynapenic obesity, as defined by BMI,
showed an elevated mortality risk compared to those with normal BMI, with an HR of 1.33 (95% CI=1.16-1.53). High
heterogeneity was observed across these studies (12=76%, p<0.01).

Conclusion This meta-analysis reveals a significant association between dynapenic obesity, whether defined by WC or BMI,
with an increased risk of all-cause mortality. Further studies are needed to explore the underlying mechanisms driving this
relationship.
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Abbreviations

BMI Body Mass Index

CI Confidence Interval

DAO Dynapenic Abdominal Obesity
HDL High-Density Lipoprotein

HR Hazard Ratio

NOS Newcastle-Ottawa Assessment Scale

PRISMA  Preferred Reporting Items for Systematic
Reviews and Meta-analyses

SO Sarcopenic Obesity

WC Waist Circumference

WHO World Health Organization

Introduction

The global prevalence of overweight and obesity has been
on the rise over the past decades [1]. According to the
World Health Organization (WHO), the number of over-
weight adults has surpassed 2.5 billion globally, while over
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890 million of these are living with obesity, defined as hav-
ing a body mass index (BMI) greater than or equal to 30 kg/
m2 [2]. Obesity stands as a substantial public health concern
since it amplifies the susceptibility to conditions such as
type 2 diabetes mellitus [3], various forms of malignancy [4,
5], dyslipidemia [6], and coronary heart disease [7], which
poses an elevated risk of all-cause mortality [8].

Current studies suggest that waist circumference (WC),
the indicator of abdominal fat, may surpass BMI in signifi-
cance when determining adverse health implications linked
to obesity in older adults [9]. As individuals age, a notable
shift in body composition occurs, characterized by increased
abdominal and intramuscular fat and a concurrent decline in
lean mass [10]. In addition, aging is associated with loss
of muscle strength, known as dynapenia, which occurs at
a more accelerated rate than the loss of muscle mass [11].
The decline in muscle strength is more pronounced asso-
ciated with adverse health outcomes, such as physical dis-
ability and mortality, than the loss of muscle mass [12]. The
interplay between increased visceral adiposity and reduced
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muscle strength results in the phenotype termed dynapenic
abdominal obesity (DAO) [13]. Visceral fat elevates pro-
inflammatory cytokines, potentially playing a role in the
onset and advancement of dynapenia [14, 15]. Similarly,
dynapenia reduces physical activity levels, potentially rais-
ing the likelihood of abdominal obesity [16].

Both dynapenia and obesity have been independently
associated with an increased risk of mortality [17, 18]. The
metabolic risks Linked to obesity include insulin resistance,
type 2 diabetes mellitus, and dyslipidemia [19-21]. Like-
wise, individuals with dynapenia face an increased risk of
low HDL cholesterol [22], hypertriglyceridemia [22], and
diabetes mellitus [23], proposing dynapenia and obesity as
potential predictors of mortality.

When these two factors converge as dynapenic obesity, a
significant risk factor emerges. This combination is associ-
ated with a range of adverse health consequences, including
falls, reduced walking speed, metabolic changes, elevated
cardiovascular risk, hospitalization, and multimorbidity
[24]. The presence of multiple risk factors for mortality in
these individuals may predict a potential elevation in their
overall risk of mortality.

While both dynapenia and obesity have been indepen-
dently linked to increased risk of mortality, the association
between dynapenic obesity and all-cause mortality is not
yet fully elucidated. Hence, a comprehensive systematic
review and meta-analysis explored the association between
dynapenic obesity and all-cause mortality.

Methods
Search strategy

A systematic search was conducted across PubMed, Web of
Science, and Scopus to identify all relevant articles examin-
ing the association between low muscle strength and obesity
and all-cause mortality up to February 2024. The details of
the search strategies are provided in Supplementary File 1
. Furthermore, we manually searched the reference lists of
the retrieved studies to identify any additional potentially
relevant articles.

Eligibility criteria and selection of studies

Two independent researchers screened articles based on
the most relevant titles and abstracts. Subsequently, they
reviewed the full text of retrieved publications, and pertinent
studies were selected according to inclusion and exclusion
criteria. The inclusion criteria comprised: [1] prospec-
tive cohort studies [2], studies reporting relative risk ratios
(RRs) or hazard ratios (HRs) along with corresponding 95%

confidence intervals (CIs) [3], exposure was dynapenic
obese adults and dynapenic obese older adults, and [4] the
outcome was all-cause mortality. Exclusion criteria encom-
passed [1] irrelevant types of studies, including review
articles, editorials, commentaries, or studies lacking origi-
nal data [2], studies lacking a clear definition of low muscle
strength [3], studies investigating specific causes of mortal-
ity, and [4] studies written in languages other than English.

The meta-analysis was conducted and reported follow-
ing the guidelines specified in the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) [25].
The PRISMA flow diagram illustrates the study selection
process Fig. 1

Data extraction

Two authors independently conducted data extraction. Dis-
crepancies were resolved through discussion until a consen-
sus was reached. Information extracted from the full-text
articles included the first author’s surname, publication date,
country of origin, participant characteristics (such as sample
size, age, and sex distribution), duration of follow-up, the
definition of low muscle strength and obesity, adjustments
made, and outcomes of interest.

Risk of bias assessment

Two investigators evaluated the quality of eligible studies
using the Newcastle-Ottawa Assessment Scale (NOS) [26].
Each study was assessed based on three main perspectives:
selection (0—4 points), comparability (0—2 points), and out-
come (0-3 points), resulting in a score ranging from 0 to 9
points.

Statistical analysis

In this meta-analysis, we applied pooled HRs with their
respective 95% Cls to assess the association between
dynapenic obesity and all-cause mortality. When studies
provided separate data for men and women, we calculated
a within-study summary estimate using fixed-effect meta-
analysis. Similarly, a summary estimate was computed for
studies that reported associations categorized by age or BMI.
In cases where studies provided multiple multivariable-
adjusted HRs, we selected the most fully adjusted estimate
to reduce confounding effects. The random-effects model
was employed to compute the pooled HR, considering the
heterogeneity among studies and their corresponding effect
sizes [27]. We assessed heterogeneity among included stud-
ies using the Cochrane Q test and the 12 statistics [28, 29]. A
P-value<0.10 for the Q statistics indicated statistically sig-
nificant heterogeneity, and 12 values of 0%, 25%, 50%, and
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Fig. 1 Flow Diagram of the Study
Search and Selection Process
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75% represented no, low, moderate, and high heterogeneity,
respectively [29]. Two authors independently used STATA
version 14.0 (Stata Corp, College Station, Texas, USA) and
R for data analysis. A two-sided P-value of <0.05 was con-
sidered statistically significant (except for the heterogeneity
and Egger’s regression tests).

Results
Study selection

A search of online databases resulted in a total of 1816
articles. After eliminating duplicate entries, a total of 1467
distinct records were retained. Following a review of titles
and abstracts, 1386 records were excluded. Subsequently,
81 full-text articles were assessed for eligibility, leading to
the exclusion of 69 articles. Reasons for exclusion included
25 review articles, 40 studies irrelevant to the topic of sar-
copenia, two cross-sectional studies, and studies for not
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providing HR values. Ultimately, 12 prospective cohort
studies were included in the meta-analysis from 10 articles
[30-39]. Two articles [34, 37] used both definitions of obe-
sity (BMI and WC). Figure 1 depicts the process of select-
ing articles included in this meta-analysis.

Characteristics of included studies

Our meta-analysis incorporated twelve prospective cohort
studies, encompassing a combined participant pool of
1,309,200 individuals. Among the 12 studies, four were
conducted in the UK [32-34], three were multinational
[37, 39], two were in Italy [35, 36], one was in China [31],
one was in Thailand [30], and one was in Finland [38]. The
mean duration of follow-up ranged from 5.1 to 33 years
(Table 1). Six studies employed WC as the criterion for
defining obesity [31, 3437, 39], whereas six studies used
BMI to define obese individuals [30, 32-34, 37, 38]. Eleven
studies utilized low hand grip strength to identify dynapenic
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Table 1 Characteristics of 12 prospective cohort studies included in the meta-analysis
Author Year Setting Duration of Sample Sex Age Dynapenia Obesity criteria  Adjustments Out-
follow-up  size range (at criteria come
baseline)
Chenetal. 2023 China 7 3704 Mixed >60 Handgrip strength WC (>90 cm for Not available All-
[31] (<28 kg formen men and >80 cm cause
and <18 kg for  for women) mor-
women) tality
Sadksjarvi 2023 Finland, 9.1 for 4612 Mixed >70 Handgrip strength BMI>30 kg/m2  Age, sex, marital ~ All-
etal. 1[37] USA,and H200, 12.4 (<27 kg for men status, education,  cause
Netherland for HABC, and <16 kg for race, physical mor-
10.4 for women) activity, alcohol tality
LASA consumption,
smoking, and base-
line diseases
Saaksjarvi 2023 Finland, 9.1 for 4612 Mixed >70 Handgrip strength WC (=102cm  Age, sex, marital ~ All-
etal. II USA,and H200,12.4 (<27 kg formen  for men and status, education, cause
[37] Netherland for HABC, and <16 kg for > 88 cm for race, physical mor-
10.4 for women) women) activity, alcohol tality
LASA consumption,
smoking, and base-
line diseases
Charatcha- 2022 Thailand 8.5 19,818 Mixed >18 Handgrip strength BMI>25 kg/m2  Age, current smok- All-
roenwit- (<28 kg for men ing, alcohol intake, cause
thaya et al. and <18 kg for regular exercise, mor-
[30] women) Charlson comor- tality
bidity index, and
hyperglycemia/
diabetes
Farmeret 2019 United 5.1 452,931 Mixed 40-69 Handgrip strength BMI>30 kg/m2  Not available All-
al. [32] Kingdom (<30 kg for men cause
and <20 kg for mor-
women) tality
Rossietal. 2017 Italy 11 846 Mixed 65-95 Handgrip strength WC (>99 cm for Age, sex, smoking  All-
[35] (<33 kg formen menand>95cm habit, education, cause
and <19 kg for  for women) medications, mor-
women) diabetes, conges- tality
tive heart failure,
stroke, chronic
obstructive pul-
monary disease,
and coronary heart
disease
da Silva 2017 United 10 6173 Mixed >60 Handgrip strength WC (>102 cm All socioeconomic ~ All-
Alexandre Kingdom (<26 kg formen  for men and and behavioral cause
et al. [39] and Brazil and <16 kg for >88 cm for characteristics, mor-
women) women) clinical conditions, tality
disability, and BMI
Hameret 2017 United 8 6864 Mixed 66.2+9.5 Handgrip strength BMI>30 kg/m2  Age, sex, physical All-
al. [33] Kingdom (<353 kg activity, smoking,  cause
for men and wealth, depressive  mor-
<19.6 kg for symptoms, and tality
women) chronic illnesses
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Table 1 (continued)

Author Year Setting

Duration of Sample Sex Age
follow-up

size range (at
baseline)

Dynapenia
criteria

Obesity criteria

Adjustments

Out-
come

Kimetal.1 2017 United 7
[34] Kingdom

2017 United 7
Kingdom

Kim et al.
11[34]

Rossietal. 2015 Italy 10
[36]

Stenholm 2014 Finland 33

et al. [38]

403,199 Mixed 40-69

403,199 Mixed 40-69

262 Mixed 66-78

2980 Mixed >5-

Handgrip
strength<27.7 kg

BMI>30 kg/m2

Handgrip WC (2102 cm
strength<27.7 kg for men and
> 88 cm for
women)

Leg muscle
strength
(<1533 kg
for men and
<8.33 kg for
women)

WC (>100 cm
for men and
>87 cm for
women)

Handgrip
strength <42 kp
for men 50-69
and <28 kp

for men>70;
Handgrip
strength<23 kp
for women 50-69
and <18 kp for
women=>70

BMI>30 kg/m2

Ethnicity, smoking

status, employ-
ment, Townsend

Deprivation Index,
statin use, hormone

replacement ther-

apy (women only),

alcohol consump-

tion, processed/red
meat consumption,

resting pulse rate,
and moderate-to-
vigorous physical
activity time

Ethnicity, smoking

status, employ-
ment, Townsend

Deprivation Index,
statin use, hormone

replacement ther-

apy (women only),

alcohol consump-

tion, processed/red
meat consumption,

resting pulse rate,
and moderate-to-
vigorous physical
activity time

Age, gender, dis-
ability at baseline,

low income, actual

or past smoking,

high alcohol intake,
fibrinogen, vitamin

D3 level, hyper-
tension, diabetes,
hypercholester-
olemia, COPD,
chronic heart

failure, myocardial

infarction and
stroke

Age, sex, educa-
tion, smoking,
alcohol use,
physical activ-
ity, hypertension,
cardiovascular
disease, diabetes
and cancer

All-
cause
mor-
tality

All-
cause
mor-
tality

All-
cause
mor-
tality

All-
cause
mor-
tality

@ Springer
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Fig. 2 Forest Plots Demonstrat- ) ) Weight  Weight
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Six prospective cohort studies investigated the correlation
between DAO and all-cause mortality in adults [31, 34-37,
39]. We employed a random-effects model to calculate the
pooled HR values. As illustrated in Fig. 2, individuals with
DAO exhibited a significantly heightened risk of all-cause
mortality compared to healthy participants (the reference
group). The pooled HR for all-cause mortality in DAO
versus non-dynapenic, non-abdominal obese individuals
was 1.73 (95% CI=1.38-2.16), with high heterogeneity
observed across these studies (12=77%, p<0.01).

Dynapenic obesity defined by BMI mortality

We included six prospective cohort studies exploring the
relationship between dynapenic obesity (defined by BMI)
and all-cause mortality [30, 32-34, 37, 38]. A random-
effects model was utilized to calculate the pooled HR val-
ues. Figure 3 shows that individuals with dynapenic obesity

Hazard Ratio

Fig. 4 Funnel Plot Demonstrating the Symmetrical Distribution
of Studies Investigating Association Between Dynapenic Obesity
Defined by BMI and Increased Risk of All-Cause Mortality

measured by BMI show a significantly increased risk of
all-cause mortality compared to healthy individuals. The
pooled HR for all-cause mortality in dynapenic obesity
measured by BMI versus non-dynapenic non-obese individ-
uals was 1.33 (95% CI=1.16-1.53), with high heterogene-
ity observed across these studies (12=76%, p<0.01).

Publication bias
We assessed the presence of publication bias in the meta-

analysis using the funnel plots presented in Figs. 4 and
5. The plots around the central effect estimate revealed a

@ Springer



288 Page 8 of 11

Aging Clinical and Experimental Research (2025) 37:288

0.00
1

i
i
S '
Farmeretal. 3018 @ ™
Kimyet al. 2017 &,
|
i
i
i

Stenholm et al. 2014 @'

Saaksjarvi af al. 2022 ©

015

“ltsr 2017 @

Standard Error

~

Charatcharcenwitthaya et al. 2022 o
T T T T

1.0 1.5 2.0 25

Hazard Ratio

Fig. 5 Funnel Plot Demonstrating the Symmetrical Distribution
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relatively symmetrical distribution of studies, indicating a
minimal likelihood of publication bias.

Discussion

The growing prevalence of overweight and obesity has
become a global health concern, with substantial conse-
quences for morbidity and mortality [40]. This meta-anal-
ysis explored the association between two key factors -low
muscle strength and obesity- and their combined impact on
all-cause mortality. The results showed a significant asso-
ciation between dynapenic obesity and heightened all-cause
mortality risk, with both WC and BMI serving as indicators.
The results of this meta-analysis revealed that those with
DAO have a significantly increased risk of mortality, 1.73
times greater, compared to those without both conditions.
Additionally, our research indicated that dynapenic indi-
viduals with obesity (defined as a BMI of >25 or 30) have
a statistically significant 1.33 times higher risk of mortal-
ity compared to those without dynapenia and with a normal
BMI. This meta-analysis marks the inaugural investigation
into the correlation between dynapenic obesity and the risk
of all-cause mortality, drawing upon prospective cohort
studies. These studies encompassed diverse geographical
locations and varied follow-up durations and employed two
distinct definitions of obesity. The observed heterogeneity
across studies warrants careful consideration and highlights
the need for further research to explore potential contribut-
ing factors. Factors such as variations in age, sex, ethnic-
ity, underlying health conditions, measurement techniques
for muscle strength and obesity, and differences in follow-
up durations may have contributed to the heterogeneity.
Subgroup analyses based on gender, setting, and different
definitions of low muscle strength and obesity will provide
insights into potential sources of heterogeneity. However,

@ Springer

additional exploration is warranted to elucidate underlying
mechanisms.

The findings of this meta-analysis underscore the sig-
nificant association between DAO and dynapenic obesity
measured by BMI and heightened mortality risk. In line
with these findings, previous studies have consistently dem-
onstrated both dynapenia and obesity are independently
associated with increased risk for all-cause mortality. For
instance, meta-analyses by Flegal et al. [41] and Aune et
al. [42] have demonstrated a significant association between
obesity, as measured by BMI, and heightened all-cause mor-
tality. Flegal et al. reported an overall summary HR of 1.18,
indicating a substantial increase in mortality risk among
individuals classified as obese compared to those with nor-
mal weight BMI categories. Aune et al. found that for every
5-unit increment in BMI, the relative risk for all-cause mor-
tality increased by 1.05, further emphasizing the detrimental
impact of obesity on mortality outcomes. Also, Silva et al.
[17] demonstrated that adults with dynapenia had a higher
risk for mortality with an HR of 1.29 (95% CI: 0.71-2.34).

Moreover, investigations into specific types of obesity,
such as sarcopenic obesity (SO), have also revealed note-
worthy associations with increased mortality risk. Studies
conducted by Zhang et al. [43] and Tian et al. [44] have
reported significant links between SO and elevated all-
cause mortality rates. Zhang et al. observed a pooled HR of
1.21 for SO, indicating a substantially higher mortality risk
among adult individuals with this condition. Similarly, Tian
et al. found a pooled HR of 1.24 for SO, further underscor-
ing the increased mortality risk associated with this pheno-
type compared to healthy subjects. Our meta-analysis adds
to the existing body of evidence by specifically investigat-
ing the combined effect of dynapenia and obesity on mor-
tality risk. Our findings support the notion that both DAO
and dynapenic obesity measured by BMI presents an even
more significant risk factor for mortality compared to obe-
sity alone.

Delving deeper into the underlying mechanisms linking
DAO and dynapenic obesity measured by BMI to mortal-
ity reveals a complex interplay of factors that merit further
investigation. One potential mechanism contributing to the
heightened mortality risk observed in individuals with obe-
sity is increased inflammation [45]. WC has been suggested
as a proxy measure for regional fat distribution due to its
simplicity in measurement and its strong correlation with
visceral and total fat, as assessed by computerized tomogra-
phy [46]. Visceral fat, a characteristic feature of abdominal
obesity, releases pro-inflammatory cytokines, which con-
tribute to the development of insulin resistance, hypertri-
glyceridemia, dyslipidemia, decreased muscle strength, and
endothelial dysfunction, all of which are established risk
factors for cardiovascular disease [47-50]. This chronic
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inflammatory state induced by visceral adiposity likely
amplifies the mortality risk through its detrimental effects
on cardiovascular health [51, 52]. Similarly, adults with
dynapenia are at a higher risk for developing metabolic dis-
eases, such as Lipid disorders, metabolic syndrome, or type
2 diabetes [53]. Individuals with dynapenic obesity exhibit
higher levels of low HDL-cholesterol, hypertriglyceridemia,
and metabolic syndrome compared to non-dynapenic/non-
obese and dynapenic-only groups, underscoring the pres-
ence of multiple mortality risk factors in these individuals,
thereby heightening their risk of mortality [54]. Moreover,
impaired physical function emerges as another critical path-
way linking dynapenic obesity to mortality [55]. Reduced
muscle strength, a hallmark of dynapenia, not only com-
promises mobility but also undermines functional indepen-
dence, predisposing individuals to an elevated risk of falls,
accidents, and subsequent hospitalizations [56]. The com-
promised physical function resulting from dynapenia exac-
erbates the risk of adverse outcomes, including mortality,
highlighting the importance of preserving muscle strength
in older adults to mitigate mortality risk [57]. Additionally,
poor nutritional status emerges as a significant contributing
factor to mortality risk in individuals with dynapenic obe-
sity [58]. Dynapenia may lead to difficulties in maintain-
ing adequate nutritional intake, whether due to challenges
in chewing, swallowing, or preparing nutritious meals [59].
This can result in malnutrition, further accelerating the pro-
gression of dynapenia and exacerbating the mortality risk
associated with dynapenic obesity.

The findings from this meta-analysis have significant
implications for clinical practice and public health interven-
tions. Clinicians should recognize the synergistic impact
of dynapenia and obesity on mortality risk. Screening for
both factors and comprehensive assessments of metabolic
health may aid in identifying individuals at heightened risk
and facilitate targeted interventions to mitigate adverse out-
comes. Public health initiatives to combat obesity should
adopt a multifaceted approach that addresses weight man-
agement and preserving muscle strength and functionality.
Promoting physical activity, particularly resistance training,
can help mitigate muscle loss and improve overall strength,
reducing the risk of dynapenia. Additionally, strategies to
promote healthy dietary habits and reduce central adiposity
are essential for mitigating the risk of DAO and its associ-
ated complications.

To our knowledge, this is the first meta-analysis of
prospective cohort studies investigating the association
between dynapenic obesity and risk of all-cause mortality.
However, there are several Limitations to acknowledge in
this meta-analysis. Firstly, certain articles included in this
study did not categorize patients according to the standard
WHO BMI classification. Some studies combined normal

weight and underweight individuals or overweight and
obese individuals, which could impact the reliability of
the results. Secondly, we Limited our analysis to Literature
published exclusively in English. As a result, we may have
unintentionally excluded important studies published in
other languages, thus introducing bias into our findings. Fur-
thermore, whereas the HRs for the dynapenic obese group
were obtained using the fully adjusted model, the confound-
ing factors exhibited significant variation. Additionally, the
duration of the follow-up period showed variation among
different research, spanning from 5 to 33 years. It is vital to
consider these Limitations when analyzing the findings of
the current investigation. However, these Limitations do not
diminish the significance of our study, as it boasts several
strengths. Firstly, we thoroughly searched multiple data-
bases using a sensitive search strategy. Secondly, all original
studies included in the analysis were prospective in design,
minimizing potential bias. Thirdly, we employed a rigorous
study selection and quality assessment process, which was
duplicated. Moreover, due to the substantial sample size,
our meta-analysis possessed sufficient statistical power to
explore the causal relationship between dynapenic obesity
and mortality. Lastly, we utilized adjusted HR with 95%
CI from the included studies to derive the pooled estimate,
thereby mitigating the influence of confounding factors on
the association.

Conclusion

We found that individuals with DAO and dynapenic indi-
viduals with obesity (defined by BMI) are associated with a
significantly increased risk of all-cause mortality compared
to those without dynapenia and with a normal WC or BMI.
Further research is warranted to explore potential mecha-
nisms underlying the observed association and to inform
targeted interventions to reduce mortality risk in individuals
with dynapenic obesity.
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