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ABSTRACT
Background/Aim: We conducted a systematic review with network meta-analyses (NMA) summarizing the effects and safety 
of lifestyle interventions containing nutrition (NUT; e.g., calorie restriction), exercise (EX; e.g., aerobic/resistance exercise) and 
behavior change interventions (BCI; e.g., behavioral therapy) on physical function, body composition, quality of life, psychosocial 
outcomes, health and adverse events in community-dwelling older adults with obesity.
Methods: We used the methodology proposed by Cochrane and searched six databases and one trial registry for eligible ran-
domized controlled trials (RCTs; intervention duration ≥ 12 weeks) up to May 2022 with a full new search in MEDLINE and a 
re-assessment of previously identified eligible trial registry entries in October 2025. Random-effects NMA ((standardized) mean 
difference ((S)MD), 95% confidence intervals) were conducted if possible.
Results: We included 72 RCTs (n = 6716) for descriptive summaries and 54 RCTs (n = 4249) for NMA. NUT+EX+BCI improved 
physical function (performance batteries) compared to control (SMD 3.37 [1.76;4.97]; high certainty of evidence). NUT+EX+BCI 
may reduce body (MD −8.69 [−13.14;−4.25]) and fat mass (MD −6.58 [−10.44;−2.73]) while not negatively affecting fat-free mass 
(MD −1.38 [−3.52;0.76]) or bone mineral density (MD −0.01 [−0.05;0.02]) (evidence very uncertain). Other interventions (single/
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Abbreviations: AE, Aerobic exercise; BCI, Behavioral change intervention; BMD, Bone mineral density; CI, Confidence interval; CoE, Certainty of evidence; CR, 
Calorie restriction; EX, Exercise; FFM, Fat-free mass; FM, Fat mass; GLP-1RA, Glucagon-like peptide-1 receptor agonists; GRADE, Grading of Recommendations, 
Assessment, Development and Evaluation; IRR, Incidence rate ratio; HP, High protein diet; IBT, Incretin-based therapies; NUT, Nutrition; RE, Resistance exercise; 
RCT, Randomized controlled trial; RoB, Risk of bias; SAT, Subcutaneous adipose tissue; VAT, Visceral adipose tissue; VFA, Visceral fat area; VO2max, Peak oxygen 
uptake; WL, Weight loss; (C)NMA, (Component) Network meta-analysis; (S)MD, (Standardized) Mean difference.
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combined) may also be effective; however, effects were often imprecise. For psychosocial outcomes, quality of life, and health 
events, data were insufficient or too heterogeneous to derive clear results.
Conclusion: The evidence suggests that NUT+EX+BCI interventions are most suitable for the management of obesity in older 
adults. Nevertheless, further RCTs—especially in frail populations and on patient-relevant outcomes—are needed.

1   |   Background

Obesity in older people is a growing worldwide public health 
concern [1]. This is driven by an aging population and the in-
creasing prevalence of obesity in older age groups, with ad-
vances in medical care enabling longer lifespans but leaving a 
population living with conditions that contribute to morbidity 
[2]. In the United States, simulations show a further growing 
prevalence of obesity and severe obesity at least until 2030 [3]. 
Apart from well-known negative health outcomes associated 
with obesity across the lifespan, such as diabetes and cardio-
vascular disease [4], obesity is particularly problematic for 
older people due to its influence on outcomes affecting daily 
life, e.g., risk of falls, multimorbidity, chronic pain, frailty, and 
functional impairments [5–10]. Sarcopenia, a geriatric syn-
drome, which is defined as the loss of muscle mass, strength 
and function [11], also exists in those living with obesity [12]. 
In older people with obesity and sarcopenia (sarcopenic obe-
sity), negative health consequences, for example a higher 
cardiovascular risk, are considerably more pronounced [13]. 
Pathophysiological alterations in muscle structure, e.g., fat 
infiltration, may negatively impact muscle function and sub-
sequently raise the risk for further functional decline [14–16].

Currently, very few specific evidence-based recommenda-
tions exist for the management of obesity in older people [17]. 
Similar to younger age groups, clinical practice guidelines rec-
ommend non-pharmacological and non-surgical multicompo-
nent lifestyle interventions (e.g., calorie restriction [CR] and 
exercise [EX]) as a first-line strategy [18, 19]. However, in 
older adults, age-related declines in muscle and bone mass, 
coupled with reduced functional reserves, make the adverse 
effects of weight loss (WL) on these structures and their as-
sociated functions a significant concern. Such losses may in-
crease the risk of sarcopenia, reduced physical functioning 
and fall-related fractures, ultimately jeopardizing long-term 
independence [15, 20].

Published systematic reviews on the efficacy and safety of 
lifestyle interventions for the management of obesity in older 
people have focused on nutrition (NUT) and exercise (EX), 
but few have considered behavior change interventions (BCIs) 
as an individual component [21–24]. This is an important gap 
as evidence from younger populations highlights the impor-
tance of this component for sustained effects [25]. Due to dif-
ferent intervention types (i.e., NUT, EX, or BCI), modalities 
(e.g., CR, aerobic exercise [AE], or resistance exercise [RE]) 
and doses potentially leading to high heterogeneity, pairwise 
meta-analysis may not be preferred to summarize available 
evidence [26]. On the contrary, network meta-analysis (NMA) 
allows comparing available results of intervention arms di-
rectly and indirectly, regardless of whether they have been 
directly compared in published RCTs [27]. To the best of our 

knowledge, no systematic review with NMA exists comparing 
single or combined lifestyle intervention components in older 
adults aged 65 years and over with obesity.

Therefore, we aimed at summarizing the current evidence on 
the effects and safety of lifestyle interventions to manage obe-
sity in older people by conducting a comprehensive systematic 
review.

2   |   Methods

The detailed methods are described in the published proto-
col and the Supporting information 1 (supplemental methods) 
[28]. We prospectively registered the work on the Prospective 
Register of Systematic Reviews (CRD42019147286) and ad-
hered to the reporting guidelines for systematic reviews and 
its extensions (PRISMA-statement 2020) as well as for NMA 
[29–31].

2.1   |   Search, Study Selection, and Data Extraction

We included RCTs enrolling older adults (age at inclusion 
≥ 60 years and mean age of ≥ 65 years) with obesity (BMI ≥ 30 kg/
m2 or waist circumference of ≥ 88 cm for women [w] and ≥ 102 cm 
for men [m] or percentage body fat of ≥ 35% [w] and ≥ 25% [m] or 
ethnic-specific cutoff values) or sarcopenic obesity (sarcopenia 
was defined based on the criteria used by the primary RCTs) that 
evaluated the effects of lifestyle interventions consisting of NUT 
(e.g., CR or high protein [HP]), EX (e.g., AE or RE), or BCI (e.g., 
motivational interviewing)—or their combinations with a dura-
tion of ≥ 12 weeks compared to each other or control—on phys-
ical function (primary outcome), body composition, quality of 
life, psychosocial outcomes, and health as well as therapy-related 
adverse events. We searched Medline, Embase, CENTRAL, 
CINAHL, PsycINFO, Science Citation Index Expanded, and 
ClinicalTrials.gov from inception until May 25, 2022, without 
language restrictions (Supporting information 1 Table S1A–G). 
The search strategies contained a combination of keywords and 
database-specific thesaurus vocabulary. To capture the latest 
evidence, we undertook a full search in MEDLINE on October 
14, 2025 and re-checked the status of potential relevant ongo-
ing studies brought up by the search in ClinicalTrials.gov. Two 
reviewers (GT, DS, EK, IGE) independently conducted the pre-
piloted review steps: screening of titles/abstracts, full-texts, 
data extraction, risk of bias assessment (Cochrane Risk of Bias 
2; Supporting information Table S2), and evaluation of the cer-
tainty of evidence (CoE) according to the framework proposed 
by the Grading of Recommendations, Assessment, Development 
and Evaluation (GRADE) working group (Supporting informa-
tion 1 Table S3) [32, 33]. Conflicts were solved by discussion or 
by a third reviewer.
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2.2   |   Evidence Synthesis and GRADE Assessment

If possible, we conducted random effects NMA using a fre-
quentist approach and component NMA (CNMA) to disen-
tangle the effects of single components in multicomponent 
treatment arms and to reconnect disconnected networks 
using R studio software and R packages [34–36]. We pooled 
continuous effects for performance batteries, chair rise, gait 
speed, handgrip strength, cardiovascular fitness (VO2max), 
body mass, fat-free mass (FFM), fat mass (FM), waist circum-
ference, BMD of the total hip using the mean difference (MD), 
or the standardized mean difference (SMD). For the chair rise 
test, we pooled effects as a so-called “chair rise rate ratio” (see 
Supporting information 1 Supplemental methods). We de-
fined network nodes on the level of intervention types (NUT, 
EX, BCI, or any combinations; main analysis) and more spe-
cifically on the level of treatment modalities by subdividing 
NUT interventions in CR and HP, EX interventions in AE and 
RE. Forest plots show results of any intervention compared 
to control. League tables provide additional results between 
the different interventions. When NMA was not possible, we 
synthesized the results descriptively. We evaluated the CoE 
for the six prioritized outcomes: (1) performance batteries as 
composite measure of functional status, (2) cardiovascular fit-
ness (VO2max), (3) FFM, (4) FM, (5) body mass, and (6) BMD 
of the total hip.

3   |   Results

3.1   |   Literature Search and Screening

The search resulted in 68,928 records from databases, 8660 
records from the trial register and three additional records 
from citation searching and organizations. After removing 
duplicates, we screened 59,362 titles/abstracts and 1604 full 
texts for eligibility. Finally, we included 137 records from 72 
RCTs (Supporting information  1 Figure  S1, Supporting infor-
mation  1 Table  S5) [37–108]. We did not include 18 RCTs in 
any NMA but summarized the results descriptively. Ten were 
not eligible as node definitions for the study arms did not dif-
fer [40, 41, 44, 61, 70, 76, 81, 92, 104, 106], six, as given units 
and effect measures did not match with those of the NMA 
[37, 49, 55, 58, 74, 96], one RCT due to an insufficient description 
of the intervention to correctly assign study arms to our node 
definitions  [64] and one RCT as results were not reported per 
study arm [94].

3.2   |   Study and Participants' Characteristics

All included RCTs (n = 6716 participants) were parallel RCTs 
with the exception of two cluster RCTs (Table 1 and Supporting 
information 2 Table S6) [88, 105].

For RCTs reporting age at baseline, this ranged from 65.0 to 
77.4 years with no studies having a mean age of ≥ 80 or a mini-
mum age of ≥ 75 years. Twelve RCTs used objectively measured 
functional limitations as an inclusion criterion [58–60, 62, 73, 
84–86, 94, 95, 99, 105]. Ten RCTs were conducted in older people 
with sarcopenic obesity [40, 52, 53, 60, 64, 65, 71, 95, 99, 105].

TABLE 1    |    Study characteristics of included randomized controlled 
trials (n = 72).

Characteristics n %

Country North America 37 51.4

Asia 17 23.6

Europe 10 13.9

South America 3 4.2

Africa 3 4.2

Australia 2 2.8

Sample size < 50 33 45.8

50 to < 100 20 27.8

100 to < 200 13 18.1

≥ 200 6 8.3

Mean age of 
participantsa

65 to < 70 years 45 63.4

70 to < 75 years 20 28.2

≥ 75 years 6 8.5

Sex Female 18 25.0

Male 5 6.9

Both 46 63.9

Not reported 3 4.2

Participants with 
functional limitations 
(objectively measured)

Yes 12 16.7

No 60 83.3

Phenotype Obesity 62 86.1

Sarcopenic 
obesity

10 13.9

Obesity criterion Body mass index 57 79.2

Waist 
circumference

5 6.9

% Body fat 6 8.3

Combination 4 5.6

Intervention duration 12–19 weeks 38 52.8

20–26 weeks 25 34.7

27–51 weeks 1 1.4

≥ 52 weeks 8 11.1

Intervention arms Control 51 31.1

(n = 164) BCI 4 2.4

Nutb 13 7.9

Ex 49 29.9

Nut + BCI 9 5.5

Ex + BCI 2 1.2

Nut + Ex 24 14.6

Nut + Ex + BCI 12 7.3

Abbreviations: BCI, behavior change intervention; Ex, exercise; Nut, nutrition.
aTravieso et al. [108]; mean age not reported (age range 60–75).
bMuscariello et al. [64]; not included here.
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3.3   |   Intervention Characteristics

Forty-seven RCTs conducted multicomponent interventions, 
with study arms most often combining NUT+EX (n = 24 RCTs) 
(Table 1, Supporting information 2 Table S7).

The combination of NUT+EX+BCI (n = 12 RCTs) and NUT+BCI 
(n = 9 RCTs) was used less frequently, while there were only two 
RCTs combining EX+BCI. The most often delivered single inter-
vention was EX (n = 49 RCTs), followed by NUT (n = 13 RCTs) 
and BCI (n = 4 RCTs).

Control conditions comprised no intervention or usual care, edu-
cational materials and lectures, or written recommendations on 
healthy aging, or physical activity. Furthermore, unsupervised 
home-based exercise recommendations were also considered 
as a control condition. Interventions lasted mainly between 12 
and 19 weeks (38 RCTs) or 20–26 weeks (25 RCTs). A follow-up 
after intervention completion was done in five RCTs lasting 
4–78 weeks [60, 65, 67, 79, 88]. Detailed intervention characteris-
tics are displayed in Supporting information 2 Table S7.

3.4   |   Risk of Bias

Across all objectively measured outcomes, we rated the RoB as 
high in 23, some concerns in 48, and low in 10 RCTs, while for 
subjectively measured outcomes we rated RoB as high in four, 
and some concerns in 13 RCTs (see Supporting information 1 
Figures  S2 and S3). For objective outcomes, most concerns 
arose from insufficient reporting of the randomization process 
(64.3%), deviations from intended interventions (58.9%), and se-
lection of the reported results (64.4%). We also could not find ev-
idence for publication bias based on the funnel plots (Supporting 
information 1 Table S15–S24) or the results of the search in the 
trial registry.

3.5   |   NMA Characteristics

Information on characteristics of NMA, such as the number of 
included RCTs and participants, the number of pairwise com-
parisons, or measures of inconsistency are summarized in 
Table  2. In all NMA with connected networks, we could not 
find evidence for statistically significant inconsistency based on 
the global test for inconsistency (i.e., design-by-treatment inter-
action in the random effects model). We could not evaluate the 
inconsistency for disconnected networks.

RCTs that have been considered for statistical syntheses by 
NMA for respective outcomes are presented in Supporting in-
formation 2 Table S6.

3.6   |   Outcomes

3.6.1   |   Physical Function: Performance Batteries

The NMA revealed that, compared to control, the most effec-
tive intervention types were NUT+EX+BCI (SMD 3.37 [95%CI 
1.76; 4.97]; high CoE) and EX+BCI (SMD 3.17 [95%CI 1.34; 

4.99]; high CoE). EX alone may also present a large effect (SMD 
1.20 [95%CI 0.69; 1.71]; very low CoE). All other intervention 
types may not show effects compared to control (very low—
low CoE) (Figure  1A, Supporting information  1 Table  S8A). 
NUT+EX+BCI may be more beneficial for physical performance 
than NUT+EX, solely EX or NUT (all very low CoE) (Supporting 
information 1 Table S9A). EX+BCI may show higher effects com-
pared to NUT alone (very low CoE) or NUT+EX (very low CoE).

Regarding treatment modality, most interventions that included 
AE, RE, or the combination of both were more effective com-
pared to control (Supporting information  1 Figure  S4A and 
Supporting information  1 Table  S10A). The combination of 
AE+RE showed a larger effect when compared to solely AE 
or RE. CNMA demonstrated results with effects not chang-
ing the direction but with narrower 95%CIs for both analyses 
(Supporting information 1 Figures S5A and B), with the excep-
tion for BCI showing an effect on type and modality level. For 
the nine RCTs that have not been included in NMA, no differ-
ences between intervention types and modalities were reported 
(Supporting information 2 Table S11A).

3.6.2   |   Physical Function: Mobility

Neither in the NMA on treatment type (Figure 1B, Supporting 
information  1 Table  S9B) nor on modality (Supporting infor-
mation Figure S4B, Supporting information Table S10B) did we 
find any group differences in gait speed.

Results for CNMA were similar but with narrower 95%CIs 
(Supporting information 1 Figures S6A and B). Results on RCTs 
not included in NMA are shown in Supporting information  2 
Table S11A.

Based on a descriptive synthesis, seven RCTs reporting results 
on the timed-up-and-go test showed improvements by AE, RE, 
or AE+RE when compared to control (Supporting informa-
tion 2 Table S11A). Mobility assessed by the 400 m walk (n = 5) 
improved only in participants with class 2 obesity following 
RE+AE [58].

3.6.3   |   Physical Function: Strength Measures

For functional strength chair rise performance was used, EX 
(IRR 1.19 [95%CI 1.06; 1.35]) and NUT+EX (IRR 1.24 [95%CI 
0.97; 1.60]) were more favorable than control (Figure  1C), al-
though the effect for NUT+EX was imprecise (Supporting infor-
mation 1 Table S9C).

The NMA on treatment modalities showed a better chair rise per-
formance only for RE compared to control, while other compar-
isons did not reveal any differences (Supporting information 1 
Figure S4C, Supporting information 1 Table S10C). Results for 
CNMA were similar but with narrower 95% CIs (Supporting in-
formation 1 Figure S7A and B). Ten RCTs could not be included 
in NMA. In three RCTs, EX (AE, RE, or AE+RE) showed higher 
effects than control. Another RCT demonstrated better results 
for hypoxic vs. normoxic training (Supporting information  2 
Table S11A) [70].
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Instrumented leg strength was measured as leg power in five 
RCTs, and as maximum strength in 16 trials (n = 6 leg press, 
n = 11 knee extension). Lower leg strength following interven-
tion was only shown for three comparisons (CR vs. Con (leg 
press), CR+BCI vs. AE+RE and CR+AE+BCI vs. CR+RE+BCI 
(knee extension) (Supporting information 2 Table S11A).

In NMA and CNMA, for handgrip strength, no intervention 
type or modality showed effects when compared to control 
(Figures  1D and S4D) or to another intervention (Supporting 
information 1 Tables S9D and S10D) (Supporting information 1 
Figures S8A and B).

Results were similar for RCTs not included in NMA (Supporting 
information 2 Table S11A).

3.6.4   |   Physical Function: Endurance 
and Aerobic Capacity

At the type level, NUT+EX (moderate CoE), NUT+EX+BCI 
(low CoE), and EX (very low CoE) may increase VO2max 
(mL/kg/min) compared to control; however, the 95% CI in-
cluded the null effect (Figure  1E, Supporting information  1 
Tables  S8B and S9E). At the modality level, similar results 

TABLE 2    |    Characteristics of network meta-analyses.

Outcome 
category Outcome

Treatment 
level

N 
RCTs

N 
participants

N 
treatments

N pairwise 
comparisons

Inconsistency 
(Q statistic 

and p)

Physical 
function

Performance 
batteries

Type 16 1442 8 23 1.84; 0.93

Modalitya 18 1586 17 37 n.a.

Gait speed Type 20 1548 6 29 0.57; 1.00

Modality 20 1548 15 36 0.91; 1.00

Strength 
measures

Chair rise test Type 9 441 5 8 0.00; n.a.

Modalityb 9 441 8 9 n.a.

Handgrip 
strength

Type 13 771 7 17 0.23; 0.97

Modalityc 14 838 12 20 n.a.

Endurance 
and aerobic 
capacity

VO2max Type 13 844 6 23 0.63; 0.96

Modality 14 921 12 34 1.51; 0.98

Body 
composition

Fat-free mass Type 26 1565 7 38 1.48; 1.00

Modality 27 1632 18 44 0.49; 1.00

Fat mass Type 28 1776 7 42 1.93; 1.00

Modality 30 1920 20 54 3.79; 0.99

Waist 
circumference

Type 24 2146 8 31 0.60; 1.00

Modalityd 25 2213 16 39 n.a.

Body weight Type 43 3198 8 55 1.53; 1.00

Modality 45 3344 19 69 2.14; 1.00

Bone mineral 
density (total hip)

Typee 4 420 6 9 n.a.

Modalityf 4 420 8 14 n.a.

Abbreviation: n.a., not applicable.
aSubnetwork 1: 17 RCTs, 36 pairwise comparisons, 15 treatments; subnetwork 2: 1 RCT, 1 pairwise comparison, 2 treatments.
bSubnetwork 1: 7 RCTs, 7 pairwise comparisons, 5 treatments; subnetwork 2: 2 RCTs, 2 pairwise comparisons, 3 treatments.
cSubnetwork 1: 12 RCTs, 18 pairwise comparisons, 8 treatments; subnetwork 2: 1 RCT, 1 pairwise comparison, 2 treatments; subnetwork 3: 1 RCT, 1 pairwise 
comparison, 2 treatments.
dSubnetwork 1: 23 RCTs, 39 pairwise comparisons, 16 treatments; subnetwork 2: 1 RCT, 1 pairwise comparison, 2 treatments; subnetwork 3: 1 RCT, 1 pairwise 
comparison; 2 treatments.
eSubnetwork 1: 3 RCTs, 8 pairwise comparisons, 4 treatments; subnetwork 2: 1 RCT, 1 pairwise comparison, 2 treatments.
fSubnetwork 1: 3 RCTs, 13 pairwise comparisons, 6 treatments; subnetwork 2: 1 RCT, 1 pairwise comparison, 2 treatments.
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FIGURE 1    |    (A) Forest plot and network graph of network meta-analysis of different intervention types on physical function measured by perfor-
mance batteries. (B) Forest plot and network graph of network meta-analysis of different intervention types on physical function measured by gait 
speed (m/s). (C) Forest plot and network graph of network meta-analysis of different intervention types on physical function measured by chair rise 
test. (D) Forest plot and network graph of network meta-analysis of different intervention types on functional status measured by handgrip strength 
(kg). (E) Forest plot and network graph of network meta-analysis of different intervention types on functional status measured by VO2max (mL/kg/
min). (F) Forest plot and network graph of network meta-analysis of different intervention types on fat-free mass (kg). (G) Forest plot and network 
graph of network meta-analysis of different intervention types on fat mass (kg). (H) Forest plot and network graph of network meta-analyses of dif-
ferent intervention types on waist-circumference (cm). (I) Forest plot and network graph of network meta-analysis of different intervention types on 
body weight (kg). (J) Forest plot and network graph of network meta-analyses of different intervention types on bone mineral density of the total hip 
(g/cm2). BCI, behavior change intervention; Con, control; Ex, exercise; MD, mean difference; Nut, nutrition.
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FIGURE 1    |     (Continued)
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were seen for AE, AE+RE, and CR+AE+RE+BCI relative to 
control (Supporting information  1 Figure  S4E, Supporting 
information 1 Table S10E). For all other comparisons, results 
were very imprecise.

CNMA on treatment modality showed increases for AE, 
CR+AE+RE+BCI, and CR+AE+BCI compared to control 
(Supporting information  1 Figures  S9A and B). Results for 
five RCTs not included in NMA largely support these findings 
(Supporting information  2 Table  S1). In nine RCTs, lifestyle 
interventions, especially those including solely AE or CR+AE, 
showed improvements in the 6-min walk test (Supporting infor-
mation 2 Table S11A).

3.6.5   |   Physical Function: Physical Function Measured 
by Other Tests

No NMA was conducted for few RCTs reporting on other func-
tional tests. Mixed results were demonstrated for tests of balance 
and coordination with indications for better results in interven-
tions with EX components, especially when RE and AE were 
combined (Supporting information  2 Table  S11A). No effects 
were found in the few studies investigating flexibility as an 
outcome (Supporting information 2 Table S11A). Self-reported 
function was improved by interventions including EX, more 
so when RE+AE were combined (Supporting information  2 
Table S11A).

3.6.6   |   Body Composition: Fat-Free Mass (FFM)

NMA on treatment type (very low–moderate CoE) and modal-
ity identified that no intervention may reduce FFM (Figure 1F, 
Supporting information  1 Tables  S8C and S9F, Supporting in-
formation 1 Figure S4F, Supporting information 1 Table S10F).

Results of CNMA showed similar but more precise effects 
(Supporting information 1 Figures S10A and B). Further results 
of included RCTs on other muscle measurements (e.g., muscle 
quality) not covered by our NMA are displayed in Supporting 
information 2 Table S11B.

3.6.7   |   Body Composition: Fat Mass

NMA on absolute FM showed that all intervention types except 
NUT only and EX only may reduce FM compared to control, 
with the largest effects for NUT+EX+BCI (MD −6.58 kg [95%CI 
−10.44; −2.73]) and NUT+BCI (MD −6.14 kg [95%CI −11.50; 
−0.78]), although the evidence remains mainly very uncer-
tain (CoE very low–low, Figure  1G, Supporting information  1 
Table S9G).

With the exception for the comparison of NUT+EX+BCI vs. 
BCI alone and EX alone with higher effects for NUT+EX+BCI, 
there may be no differences between intervention types (very 
low–low CoE; Supporting information 1 Table S8D). In NMA 
on treatment modality, FM was reduced by CR+AE+RE+BCI 
and BCI compared to control (Supporting information  1 
Figure  S4G). We did not find differences between other 

intervention modalities, except for a greater reduction of 
FM by CR+AE+RE+BCI compared to BCI alone, AE alone 
or HP alone (Supporting information  1 Table  S10G). CNMA 
on treatment type demonstrated reductions for all but EX 
only interventions (Supporting information  1 Figure  S11A), 
CNMA on treatment modality revealed reductions only for 
those interventions containing CR or BCI (Supporting infor-
mation 1 Figure S11B). RCTs not included showed results that 
are in line with those from NMA (Supporting information 2 
Table S11C).

3.6.8   |   Body Composition: Waist-Circumference/
Fat Tissue

Neither NMA on treatment type nor modality showed differ-
ences between interventions or control (Figure 1H, Supporting 
information  1 Figure  S4H, Supporting information  1 
Tables S9H, S10H).

Results of the RCTs not included in NMA are reported in 
Supporting information  2 Table  S11C. CNMA revealed 
small reductions of waist circumference for NUT+EX+BCI, 
NUT+EX, or NUT+BCI (type) and for CR+AE+RE and 
CR+BCI (modality) compared to control (Supporting informa-
tion 1 Figure S12).

We included 18 trials on visceral adipose tissue (VAT) or visceral 
fat area (VFA) and 12 trials for subcutaneous adipose tissue 
(SAT). Due to different assessment methods and units, we did 
not run NMA. Multimodal interventions including a CR compo-
nent found improvements in both measures, while NUT and EX 
alone brought up mixed results compared to control (Supporting 
information 2 Table S11C).

3.6.9   |   Body Composition: Body Mass

For treatment type, body mass may be reduced by all interven-
tion types except solely NUT (MD −3.87 kg [95%CI −7.99; 0.24]) 
or EX (MD −1.47 kg [95%CI −4.22; 1.28]) compared to con-
trol (both very low CoE) (Figure 1I, Supporting information 1 
Table S8E and S9I).

Reductions may be highest for NUT+EX+BCI (MD −8.69 
[95%CI −13.14; −4.25], very low CoE), NUT+BCI (MD −6.37 
[95%CI −7.60; −5.14], moderate CoE), EX+BCI (MD −5.89 
[95%CI −10.75; −1.03], very low CoE) and NUT+EX (MD −5.69 
[95%CI −10.64; −0.73], very low CoE) compared to control. A 
difference between intervention types was also demonstrated 
for NUT+EX+BCI versus EX+BCI, EX, and BCI as well as 
for NUT+BCI versus EX and BCI. Differences are shown in 
Supporting information  1 Tables  S8E and S9I. NMA on treat-
ment modality showed lower body mass for CR+AE+BCI, 
CR+AE+RE+BCI, CR+RE+BCI, CR+HP+BCI, and BCI when 
compared to control (Supporting information  1 Figure  S4I, 
Supporting information  1 Table  S10I). Differences between 
intervention modalities are displayed in Supporting informa-
tion  1 Table  S10l. CNMA on treatment type found similar ef-
fects but with narrower 95%CIs and weight reductions for all 
intervention types except EX only (Supporting information 
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Figure S13A). Due to narrower 95%CIs, CNMA revealed effects 
for CR, CR+AE, CR+AE+RE, CR+BCI, CR+HP, CR+HP+AE, 
CR+HP+AE+RE, and CR+HP+RE when compared to control 
(Supporting information 1 Figure S13B).

3.6.10   |   Body Composition: Bone Mineral Density

NMA and CNMA of total hip BMD may show no differences—
neither on treatment type (low to very low CoE) (Figure  1J 
and Supporting information 1 S14A, Supporting information 1 
Tables  S8F and S9J) nor treatment modality (Supporting in-
formation  1 Figures  S4J and S14B, Supporting information  1 
Table S10J).

Regarding results on other BMD sites, most comparisons re-
vealed no differences (Supporting information 2 Table S11D).

3.6.11   |   Other Outcomes: Quality of Life, Psychological 
Outcomes, and Social Participation

Sixteen RCTs reported outcome data for quality of life. Due 
to the use of various instruments, we did not run NMA. 
Descriptive results show that lifestyle interventions did not 
negatively affect any measurement or domain of (health-
related) quality of life (Supporting information 2 Table S11E) 
with most interventions demonstrating no between-group 
differences.

Very few RCTs reported results on psychological health (e.g., de-
pression), indicating no differences between groups (Supporting 
information  2 Table  S11F). No RCT reported results on social 
participation.

3.6.12   |   Other Outcomes: Health-Related Event Data

Six RCTs reported on risks for health-related events (Supporting 
information 2 Table S11G). Three trials used the metabolic syn-
drome risk, with CR+AE+RE+BCI demonstrating a reduced 
relative risk compared to the control group, while no differences 
were found comparing a high glycemic index diet + AE vs. a low 
glycemic index diet + AE. The risk for mobility disability was re-
duced by AE+RE versus control [58]. No differences were iden-
tified between CR+HP+AE+RE compared to control on frailty 
and fall risk [79]. One RCT did not find differences in the post-
intervention risk for sarcopenia, obesity, and sarcopenic obesity 
when comparing HP+RE versus RE in people with sarcopenic 
obesity [65].

3.6.13   |   Adverse Events

Forty-two of 72 included RCTs did not inform about adverse 
events (Supporting information  1 Table  S12). Most of the re-
ported adverse events were classified as (1) non-severe (e.g., 
pain or constipation) or (2) unrelated to the intervention, 
but definitions of severity varied. When reported, serious 
intervention-related adverse events were rare (e.g., musculo-
skeletal injuries).

4   |   Discussion

This work investigated the effects of lifestyle interventions in 
older people with obesity based on 72 RCTs with 6617 partic-
ipants. We found high certainty evidence that NUT+EX+BCI 
interventions improve physical functioning, as measured by 
performance batteries, compared to control. The combination 
of NUT+EX+BCI may also reduce body mass and FM and may 
not negatively affect FFM or BMD; however, the CoE is very 
low. Other intervention types (single or two-component com-
binations), such as NUT+EX, may also be effective, although 
their estimated effects tended to be smaller. For psychosocial 
outcomes, quality of life, and health events, the available data 
were insufficient or too heterogeneous to derive clear results. 
When interpreting these findings, it should be noted that 
imprecision and high risk of bias in several RCTs reduced 
the CoE. Importantly, few RCTs included participants aged 
75 years and older and/or with existing functional limitations. 
Taken together, these findings provide the basis for evaluating 
how individual intervention components contribute to the ob-
served effects.

4.1   |   Relevance of Intervention Components

Our results indicate that NUT+EX+BCI may be the most fa-
vorable approach for older adults to improve health-related 
outcomes, potentially due to its synergistic effects [86, 109]. 
For functional outcomes, EX appears to be the most relevant 
intervention component for older people with obesity. At the 
treatment type level, our NMA indicated improvements in 
physical performance batteries for all interventions that in-
cluded an EX component (CoE: high–low) except for NUT+EX 
(CoE: very low) when compared to control. The NUT+EX node, 
however, consisted of only three RCTs with different EX mo-
dalities, i.e., CR+AE and CR+RE, and may have been affected 
by ceiling effects, as two of these RCTs reported high base-
line SPPB scores [110, 111]. Potential ceiling effects, which are 
common in geriatric research [112], might also be relevant for 
other outcomes assessing physical function, as only 12 RCTs 
recruited participants with objectively measured functional 
impairments [58–60, 62, 73, 84–86, 94, 95, 99, 105]. For inter-
ventions focusing only on EX components without CR, modal-
ity level findings demonstrated clinically important effects for 
AE+RE, as well as RE or AE alone. This pattern aligns with 
the principle of diminishing returns, whereby AE may be suf-
ficient to induce functional improvements in untrained and 
unfit older individuals [113]. Over time, however, the princi-
ple of task specificity may become more relevant, where ef-
fects are mainly driven by RE, increasing maximum strength, 
power, and balance, and hence improve functional abilities, 
such as standing up quickly [114]. This is supported by our 
findings for chair rise performance, which improved follow-
ing EX-only interventions at the type level and RE-only inter-
ventions at the modality level. Our NMA on gait speed did not 
identify differences between intervention groups—potentially 
caused by low power and the application of different gait pro-
tocols [115]. An individual participant data meta-analysis of 
eight RCTs from a single center also found the greatest im-
provements in gait speed with CR+EX compared with CR or 
EX alone [116].
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Our NMA showed no improvements in handgrip strength, and 
all estimated effects were below the threshold of clinical rele-
vance (6 kg) [112]. Apart from most studies recruiting partici-
pants without frailty, these findings might be explained by the 
fact that RE interventions primarily targeted lower extremity 
strength and function.

The measurement of aerobic capacity by the 6-min-walk-test 
represents an important marker for assessing functional en-
durance in daily life and cardiovascular health. Our descrip-
tive synthesis suggests that interventions including an aerobic 
component (e.g., AE alone or CR+AE) may improve 6-min walk 
performance. Maximal (VO2max) and submaximal (VO2peak) 
oxygen uptake—commonly used indicators of cardiovascular 
fitness—decline with age and may modify the association be-
tween obesity and mortality [117, 118]. Previous findings suggest 
that improvements in EX capacity of 8–10% are associated with 
a 12% decrease in mortality [119]. Our NMA indicated that in-
terventions including AE may improve VO2max meaningfully 
(> 10%) relative to control; however, the (very) low certainty of 
evidence in our analyses precludes firm conclusions of these 
findings.

It is well known that CR is particularly effective for loss of 
body mass [120]. Consistent with this, our NMAs at the type 
and modality level generally support CR-induced weight loss 
in older adults. Interestingly, interventions involving NUT 
alone did not result in reductions in body mass at the type 
level (CoE: very low), although all of them applied CR. A more 
thorough examination of these four RCTs reveals that one 
large RCT implemented only a slight CR [90], in contrast to 
the moderate CR implemented in other trials. In two of the 
four RCTs, the control groups also lost more than 2.5 kg; the 
overall weight reductions in the intervention groups were 
modest (approximately 4–7 kg over 13–52 weeks) [43, 50], and 
adherence was not reported in three of the four trials, which 
may partly explain why CR alone did not yield clearer effects 
in these studies [43, 50, 90].

Our results further suggest that interventions incorporating 
CR reduce FM, whereas their effects on WC did not differ from 
control. Apart from low statistical power, also indicated by the 
positive findings of the CNMA, the lack of effect on WC may be 
related to larger measurement error in individuals with higher 
BMI [121–123]. Regarding reductions in VAT, several studies in-
cluding at least one EX modality, CR or their combination, re-
ported positive effects [43, 45, 53, 55, 57, 84, 86], consistent with 
findings in younger adults [124]. A dose–response relationship 
between EX and VAT observed in younger individuals suggests 
that the EX dose in some trials may have been insufficient to 
elicit meaningful changes [124, 125]. Furthermore, three stud-
ies demonstrated superior effects of CR+EX compared to EX 
alone, underscoring the advantages of a multimodal approach 
[57, 66, 86].

As WL interventions have been described to come at the ex-
penses of muscle mass and BMD, adding EX is considered an 
important strategy to counteract these losses [86]. According to 
our NMA, no intervention type or modality appeared to reduce 
FFM compared to control, but evidence is mainly very uncertain. 
Previous research in adults indicates that AE leads to reduced 

FM while maintaining FFM, whereas RE increases FFM [126]. 
With regard to weight regain following weight management in-
terventions, evidence in postmenopausal women suggests that 
gains in FM exceed gains in muscle mass [127]. This highlights 
the need for improving adherence to a healthy lifestyle, also to 
prevent sarcopenia. A further component of interest is protein 
intake, which has been proposed to mitigate loss of lean mass 
during CR. Our NMA findings suggest that interventions with 
a HP component, either as the only dietary component or com-
bined with CR, did not affect FFM, and moreover physical func-
tion and strength compared to controls. These findings partially 
contrast results from two RCTs in older people with obesity 
that compared WL with or without a HP diet and reported im-
provements in FFM or physical function [65, 73]. Both studies 
were only included in our descriptive analyses due to missing 
network connectivity. For our work, a HP diet was defined as 
≥ 1.2 g/kg BW/day. A meta-analysis in adults aged ≥ 50 years 
found that adding HP (≥ 25% of energy intake or ≥ 1 g/kg BW/
day) to CR increased lean mass retention and enhanced FM loss 
[126]. There is an ongoing debate about the optimal amount of 
protein as well as the reference measure, e.g., ideal, adjusted, 
or current body weight, during weight reduction, which might 
explain the partially conflicting results [128].

Our results do not indicate negative effects on BMD (CoE: low 
to very low). Due to heterogeneous assessment methods and 
units, we could only include four trials with 420 participants in 
the NMA of total hip BMD, which resulted in two separate net-
works. Interestingly, two trials included in the NMA reported 
improvements compared to control, whereas the pooled esti-
mates did not [84, 86]. This discrepancy may reflect differences 
in the direction of change observed in the respective control 
groups (increase vs. decrease). One trial reported an increase in 
total hip BMD with AE+RE compared to control, and an attenu-
ated decrease when AE+RE was added to CR+BCI compared to 
CR+BCI alone. The same two RCTs also examined whole body 
or lumbar spine BMD and found no intervention effects. These 
findings are consistent with evidence that WL, especially if diet-
induced, affects total hip BMD before other skeletal sites [129]. 
Nevertheless, potential negative effects at other bone regions 
should not be neglected. For example, lumbar spine BMD may 
decrease in postmenopausal women with obesity undergoing 
weight-loss interventions without exercise [130]. Meta-analyses 
in other populations, e.g., postmenopausal community-dwelling 
women, suggest that EX can improve BMD [131], which has yet 
to be confirmed in older adults with obesity participating in WL 
interventions.

Our findings also align with and extend previous evidence syn-
theses in adjacent populations. A NMA in adults of retirement 
age with overweight and obesity evaluated lifestyle interven-
tions (NUT, EX and combinations) and summarized effects on 
BMI, waist circumference, FM and FFM [23]. Although that 
review applied different inclusion criteria, such as age range 
(55–70 years), weight status (overweight and obesity), and inter-
vention duration (6 weeks–6 months), and did not consider BCI 
as a distinct intervention component in their NMA, its results 
for body composition were broadly similar. However, that work 
did not evaluate the CoE and did not examine additional out-
comes relevant to older adults, such as different measures of FM, 
functional status, or quality of life.
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Given the central role of behavior in sustaining long-term life-
style changes, the contribution of BCI deserves particular atten-
tion. In our review, BCI was considered as a distinct intervention 
component that may facilitate the implementation of successful 
WL and EX strategies during the study period and moreover, 
might support the long-term maintenance, as shown previously 
in younger adults [25]. Our analyses provide some support for 
the relevance of BCI in older people, as interventions including 
NUT+EX+BCI tended to show the largest effects, although not 
always statistically different from other approaches. For func-
tional status measured by performance batteries, we found 
moderate CoE that the addition of BCI may be more effective 
than NUT+EX only. Unfortunately, there is no standardized 
definition of BCI, and corresponding interventions are often 
poorly described [132, 133], as was the case for most RCTs in 
our review. As a consequence, we were unable to evaluate the 
influence of BCI duration or intensity. Although we contacted 
authors of all included RCTs for additional information when 
reporting was incomplete, details on BCI components often 
remained too limited, allowing inclusion of this component in 
only 27 of 72 RCTs (37.5%). Among these RCTs, we were not able 
to identify any specific BCI technique or modality that might be 
superior to others. Evidence from younger populations suggests 
that BCI components in obesity management interventions may 
enhance adherence [134]. Our observation that interventions in 
RCTs are often inadequately reported is in line with previous 
research [135].

For other predefined outcomes, such as health events, quality of 
life, or psychological outcomes, conflicting findings or the scar-
city of data does not allow any conclusions. Social participation 
was not reported in any of the included studies. Future RCTs 
should investigate effects on these outcomes as well as on oth-
ers, such as pain and medication use, given their importance for 
older people with obesity [136].

Our synthesis also reveals poor and highly heterogeneous 
reporting of adverse events, highlighting the need for meth-
odological improvements [137]. Future trials should report 
adverse events according to structured reporting standards 
such as CONSORT to allow more robust conclusions regard-
ing potential harms of lifestyle interventions in older people 
with obesity [137].

4.2   |   Limitations

We acknowledge several limitations, making it necessary to in-
terpret our results with caution. First, as for obesity (BMI, per-
cent body fat, and WC), the use of different diagnostic criteria 
for sarcopenic obesity might have contributed to heterogeneity 
in the included patient populations [12, 138, 139]. Although a 
first consensus definition for sarcopenic obesity was published 
in 2022, we relied on the criteria reported in the primary studies 
[140]. Second, even though we conducted NMAs for interven-
tion type and modality, heterogeneous intervention characteris-
tics, e.g., differences in length of intervention, intensity, mode of 
administration may have introduced residual confounding. For 
the node definitions of the control groups, we considered passive 
controls as well as minimal interventions. A previous system-
atic review showed that digital self-monitoring of diet and/or 

physical activity can affect WL [141], suggesting that differences 
between intervention and control groups may have been under-
estimated in some networks. Third, our results likely often lack 
power to detect differences in effects between various interven-
tions and controls due to nodes with small numbers of RCTs 
and participants. This may have resulted in imprecise effect es-
timates or even implausible results. A more granular analysis 
of relevant intervention characteristics—such as specific dietary 
regimens, macronutrient compositions, or EX intensities—was 
not feasible based on available data. Fourth, high heterogene-
ity in outcome assessments and measurement units [135] fur-
ther reduced the number of RCTs included in NMA. Finally, 
our review exclusively focused on lifestyle-based interventions 
without additional co-interventions, such as pharmacological 
therapy.

4.3   |   Implications for Practice

Our results may be used to inform evidence-based clinical prac-
tice guidelines. Based on our findings, combined NUT+EX+BCI 
interventions appear most promising to manage obesity in 
community-dwelling older people. Evidence remains limited 
for individuals aged > 75 years or those at high risk of mobil-
ity disability and loss of independence, which needs to be re-
garded when making treatment decisions. It is also important 
to consider perceptions, motives, and barriers of participants to 
enhance motivation and adherence to offer a patient-centered 
care [142–144]. People who lack the motivation to change their 
dietary behavior, isolated EX interventions, or EX interventions 
combined with BCI may serve as alternatives to improve physi-
cal function and cardio-metabolic health.

4.4   |   Implications for Research

Future trials should be conducted in geriatric samples (aged 
≥ 75 years, pre-existing functional limitations, with comorbidi-
ties) to investigate the efficacy of lifestyle interventions in this 
growing but underrepresented group. For adults aged ≥ 65 years, 
the evidence from the current analysis is insufficient to derive 
firm conclusions regarding the additional effect of a HP diet 
component or BCI modalities in WL interventions, highlight-
ing the need for further investigation. Given the substantial 
heterogeneity in outcome variables currently used, standard-
ization of outcomes and their assessment procedures is urgently 
needed [136]. Greater emphasis should also be placed on patient-
reported outcomes, such as quality of life or social participation 
due to their importance to those affected. Finally, trials with 
long-term follow-up are needed to evaluate the sustained effi-
cacy and effectiveness of lifestyle interventions.

5   |   Conclusions

This systematic review with NMA suggests that lifestyle inter-
ventions combining nutrition, i.e., calorie restriction, with exer-
cise, i.e., aerobic and/or resistance exercise, and behavior change 
intervention components improve physical functioning in older 
people with obesity, an outcome of particular relevance for 
maintaining independence in this age group. The combination 
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of these interventions may also reduce body mass and fat mass 
without negatively affecting fat-free mass or bone mineral 
density, while demonstrating low rates of mostly mild adverse 
events. However, many of the estimated treatment effects were 
based on low or very low certainty evidence due to risk of bias 
and imprecision. We also identified important evidence gaps, in-
cluding scarcity of data on (1) patient-relevant outcomes (quality 
of life, social participation), (2) specific intervention components 
(nutrition with high protein, behavior change intervention), (3) 
people with obesity aged ≥ 75 years or those with existing func-
tional limitations, and (4) long-term follow-up. These findings 
highlight the need for further high-quality RCTs to strengthen 
the evidence base for managing obesity in older adults.
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