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Background: Sarcopenic dysphagia, defined as swallowing dysfunction attributable to generalized skeletal muscle loss involving
swallowing-related musculature, poses a growing challenge in geriatric rehabilitation. While conventional swallowing therapy (CST) and
neuromuscular electrical stimulation (NMES) have demonstrated individual efficacy, combined therapeutic approaches incorporating
progressive resistance training (PRT) may yield superior outcomes, yet evidence specific to sarcopenic dysphagia remains limited.
Objective: To evaluate the efficacy of PRT combined with NMES for improving swallowing function and nutritional status in elderly
inpatients with sarcopenic dysphagia.

Methods: This retrospective cohort study in Hangzhou, China analyzed 96 elderly inpatients (mean age: 81.9 years) with sarcopenic
dysphagia treated from January 2022 to December 2024 (6-week follow-up). Patients received one of three treatment protocols: CST
alone (n=36), CST combined with NMES (CST+NMES; n=33), or CST combined with NMES and PRT (CST+NMES+PRT; n=27).
Primary outcomes included the Standardized Swallowing Assessment (SSA), Videofluoroscopic Dysphagia Scale (VDS), and oral
transit time (OTT). Secondary outcomes included the Functional Oral Intake Scale (FOIS), Penetration-Aspiration Scale (PAS), and
nutritional parameters.

Results: All groups demonstrated significant within-group improvements (P <0.001). Between-group differences significantly favored
CST+NMES+PRT. SSA improvement was greatest in CSTHNMES-+PRT (—8.40 + 2.85 points) versus CST+NMES (—5.70 +2.42) and
CST alone (—3.20+1.95) (F=8.21, P<0.001). VDS pharyngeal scores demonstrated significant between-group differences
(P <0.001). FOIS improvement was significantly greater in CST+NMES+PRT (median change: 3 [IQR:2-3]; H=28.45, P <0.001).
Prealbumin showed significant between-group differences (P =0.013); serum albumin did not reach significance.

Conclusion: The combination of PRT with NMES and conventional swallowing therapy was associated with greater improvements in
swallowing function compared with less intensive protocols in elderly inpatients with sarcopenic dysphagia. The retrospective design
limits causal inference; randomized controlled trials are needed to confirm these findings.
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Introduction

Sarcopenic dysphagia is a distinct clinical entity characterized by swallowing dysfunction attributable to generalized
skeletal muscle loss and specific deterioration of swallowing-related musculature. This condition was first conceptualized
by Wakabayashi in 2014' and has subsequently been formalized through a position paper by four professional
organizations in Japan, which established diagnostic criteria requiring the presence of both whole-body sarcopenia and
swallowing muscle involvement.> Recent systematic reviews and meta-analyses have demonstrated a robust association
between sarcopenia and dysphagia, with pooled adjusted odds ratios of 4.06 (95% CI: 2.27-7.29),° establishing
sarcopenia as an independent risk factor for swallowing dysfunction in elderly populations.

Despite growing recognition of sarcopenic dysphagia as a distinct clinical entity, several diagnostic and conceptual
challenges merit acknowledgment. The diagnosis requires the simultaneous presence of whole-body sarcopenia and
swallowing muscle involvement; however, dysphagia in elderly inpatients is frequently multifactorial. Subclinical
neurological impairment, frailty, deconditioning, polypharmacy, and structural oropharyngeal changes may coexist and
contribute to swallowing dysfunction, making exclusive attribution to sarcopenia clinically challenging.>* Although the
diagnostic criteria explicitly exclude neurogenic dysphagia, undetected subclinical neurological contributions cannot be
fully eliminated without comprehensive neurological assessment. Furthermore, much of the existing evidence on
dysphagia rehabilitation derives predominantly from neurogenic or post-stroke populations, and its extrapolation to
sarcopenic dysphagia requires careful qualification. This diagnostic ambiguity underscores the need for studies specifi-
cally targeting well-characterized sarcopenic dysphagia populations.

The epidemiological burden of sarcopenic dysphagia is substantial and increasing with global population aging.
A recent large-scale retrospective cohort study of 3134 hospitalized geriatric patients identified multiple independent risk
factors, including advanced age, decreased self-care ability, low body mass index, frailty, and poor oral health.* The
prevalence of sarcopenic dysphagia in patients requiring dysphagia rehabilitation has been reported at approximately
32% using the validated 5-step diagnostic algorithm, which employs a tongue pressure cutoff of <20 kPa.’ Notably,
dysphagia prevalence is markedly higher in sarcopenic individuals (78.5%) compared with non-sarcopenic counterparts
(42.6%),° underscoring the clinical imperative for targeted therapeutic interventions.

The pathophysiology of sarcopenic dysphagia involves age-related changes in swallowing musculature, including
reduced tongue pressure generation, decreased pharyngeal propulsive forces, and compromised suprahyoid muscle
function.”® Videofluoroscopic studies reveal that only 16% of healthy older adults demonstrate normal swallowing,
with 55% showing laryngeal penetration and approximately 15% exhibiting aspiration.” The relationship between
sarcopenia and dysphagia is bidirectional: swallowing dysfunction leads to inadequate nutritional intake, which further
exacerbates muscle wasting, creating a vicious cycle that accelerates functional decline.®'”

Current evidence supports multimodal approaches to sarcopenic dysphagia management. Conventional swallowing
therapy (CST) encompasses compensatory strategies, dietary modifications, and oral motor exercises, as recommended in
clinical practice guidelines.'""'? Progressive resistance training (PRT) targeting swallowing-related muscles has emerged as
a promising intervention based on substantial meta-analytic evidence. Systematic reviews of tongue strengthening exercises
demonstrate significant improvements in tongue pressure, with the greatest benefits observed in adults aged >65 years."* Chin
tuck against resistance (CTAR) has demonstrated superiority over traditional Shaker exercises, with significant improvements
in aspiration severity and oral intake measures.'* Expiratory muscle strength training (EMST) has shown efficacy for
enhancing suprahyoid muscle activity and reducing aspiration risk in randomized controlled trials.'>'®

Neuromuscular electrical stimulation (NMES) represents an adjunctive modality with growing evidence for efficacy.
A comprehensive meta-analysis of 46 randomized controlled trials (n = 3,346) demonstrated that NMES combined with
conventional therapy significantly improved PAS, FOIS, and SSA scores, while achieving a 63% reduction in swallow-
ing-related complications.'” Optimal stimulation parameters identified through systematic review include frequency of
60-80 Hz, pulse width of 700 ps, and treatment duration of <4 weeks with simultaneous voluntary swallowing.'® Recent
network meta-analyses have demonstrated that combined NMES approaches achieved markedly superior outcomes,
substantially outperforming single modalities.'’

Despite compelling theoretical rationale and emerging evidence for combined therapeutic approaches, trials specifi-
cally examining PRT combined with NMES for confirmed sarcopenic dysphagia—as opposed to neurogenic or mixed-
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etiology dysphagia—remain absent from the literature. A pilot randomized controlled trial examining combined electrical
stimulation and resistance exercise (Ampcare ESP) demonstrated large effect sizes (Cohen’s d = 0.72-0.82), with FOIS
improvements from 2.90 to 4.34 (estimated difference: 1.44 units).”° A recent case report documented successful
outcomes using combined NMES and resistance training specifically for sarcopenic dysphagia.’’ The present study
aimed to evaluate the effectiveness of PRT combined with NMES and conventional therapy compared with less intensive
protocols in elderly inpatients with sarcopenic dysphagia.

Methods
Study Design and Ethical Approval

This retrospective cohort study was conducted at Affiliated Hangzhou First People’s Hospital Chengbei Campus, School of
Medicine, Westlake University. Medical records of patients treated between January 2022 and December 2024 were reviewed.
Although this is a retrospective study, treatment protocols were standardized through institutional clinical protocols estab-
lished prior to the study period; the PRT and NMES parameters documented in medical records reflect structured departmental
protocols applied consistently throughout the study period, rather than individually tailored prescriptions. The study was
approved by the Institutional Ethics Committee (Approval No. GL002-202,501-005), which granted a waiver of informed
consent for retrospective data analysis. As this was a retrospective study, ethical approval was obtained prior to data extraction
and analysis, in accordance with institutional protocols for retrospective research. The study was conducted in compliance
with the Declaration of Helsinki and reported according to STROBE guidelines for observational studies. To minimize
potential biases, data extraction was performed independently by two investigators (JM and HZ), with discrepancies resolved
by consensus or adjudication by a third investigator (XD), using pre-specified standardized data extraction forms.

Participants

Patients were eligible for inclusion if they met the following criteria: (1) age >65 years; (2) diagnosis of sarcopenia according
to the Asian Working Group for Sarcopenia (AWGS) 2019 criteria,”> defined as low muscle strength (handgrip strength
<28 kg for men or <18 kg for women), low physical performance (gait speed <1.0 m/s), and/or low muscle mass
(appendicular skeletal muscle mass index <7.0 kg/m? for men or <5.4 kg/m* for women by dual-energy X-ray absorptio-
metry); (3) presence of dysphagia confirmed by clinical assessment using the Standardized Swallowing Assessment and
videofluoroscopic swallowing study (VFSS); (4) tongue pressure <20 kPa, consistent with the 5-step sarcopenic dysphagia
diagnostic algorithm;’ and (5) completion of at least 6 weeks of treatment with available outcome data.

Exclusion criteria included: (1) dysphagia attributable to neurological conditions (eg., stroke, Parkinson’s disease,
motor neuron disease); (2) structural abnormalities of the oropharynx or esophagus; (3) severe cognitive impairment
precluding participation in therapy; (4) concurrent treatment with medications known to affect swallowing function; and
(5) incomplete medical records.

Patient allocation to treatment groups was not randomized but was based on clinical decision-making at the time of
admission by the treating physician, reflecting real-world rehabilitation practice patterns. Of 142 patients initially
screened, 96 met all inclusion criteria: 40 were excluded due to neurological etiology of dysphagia, and 6 had incomplete
follow-up data. The CST group comprised 36 patients, CSTHNMES comprised 33 patients, and CST+NMES+PRT
comprised 27 patients. This study was not pre-registered, and sample size was determined by patient availability during
the study period rather than a priori power calculation, representing a key limitation of the retrospective design.

Treatment Protocols

Conventional Swallowing Therapy (CST)

All patients received CST as the foundation of treatment, consistent with current clinical practice guidelines.'""'? The
protocol comprised: (1) compensatory strategies, including postural adjustments (chin tuck, head rotation) and swallow-
ing maneuvers (supraglottic swallow, effortful swallow); (2) dietary modifications based on International Dysphagia Diet
Standardisation Initiative (IDDSI) guidelines; (3) oral motor exercises targeting labial, lingual, and mandibular function;
and (4) thermal-tactile stimulation. Sessions were conducted for 30 minutes, twice daily, 6 days per week, for 6 weeks.
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Neuromuscular Electrical Stimulation (NMES)

Patients in the CST+NMES and CST+NMES+PRT groups received additional NMES therapy using a VitalStim
device (Chattanooga Group, USA). Surface electrodes were placed following optimal placement protocols:
horizontal placement above the hyoid bone and at the thyroid notch over the thyrohyoid muscle.”® Stimulation
parameters were selected based on systematic review recommendations:'® biphasic rectangular pulses at 80 Hz
frequency and 700 ps pulse width, with intensity titrated to achieve visible muscle contraction without discomfort
(range: 0—15 mA). NMES was administered for 20 minutes per session, once daily, 6 days per week, with patients
performing voluntary swallowing during stimulation to maximize therapeutic effect.

Progressive Resistance Training (PRT)

Patients in the CST+NMES+PRT group received additional PRT targeting swallowing-related muscles. The protocol was
designed according to established dosing principles®® and included: (1) tongue strengthening exercises using the Towa Oral
Performance Instrument (IOPI), with resistance set at 60% of maximum isometric pressure and progressively increased to 80%,
based on meta-analytic evidence demonstrating optimal gains with this intensity range;'* (2) chin tuck against resistance (CTAR)
using an inflatable ball, with 3 sets of 10 repetitions, following protocols demonstrated to be superior to Shaker exercises with
better elderly compliance;'* and (3) expiratory muscle strength training (EMST) using a threshold device set at 75% of maximum
expiratory pressure, with 5 sets of 5 breaths (25 breaths/day)."”> PRT sessions lasted 15-20 minutes, once daily, 6 days per week.
Intensity progression followed recommended guidelines of 60% 1RM for untrained patients, advancing to 80% 1RM.**

Outcome Measures
All outcome assessments were performed by trained nurses with a minimum of two years of clinical experience in dysphagia
management, using standardized protocols. Different nurses assessed different outcome measures, and assessors were not
blinded to treatment group allocation, which is acknowledged as a potential source of detection bias. Primary outcomes
included: (1) Standardized Swallowing Assessment (SSA), a validated bedside clinical assessment tool scoring from 18
(normal) to 46 (severe dysfunction), with demonstrated sensitivity of 97% and specificity of 90% for dysphagia detection;*
(2) Videofluoroscopic Dysphagia Scale (VDS), with separate scores for oral (0—40) and pharyngeal (0-60) phases, demon-
strating excellent inter-rater reliability (ICC = 0.953) and intra-rater reliability (ICC = 0.958) when using standardized
protocols;*® VDS scores were interpreted according to published classification thresholds: oral Phase 0—17 (normal), 18-29
(mild dysfunction), 30-40 (moderate-severe dysfunction); pharyngeal phase 0—17 (normal), 18-29 (mild dysfunction), 30—-60
(moderate-severe dysfunction); and (3) oral transit time (OTT) measured in seconds during VFSS (normal reference value:
<1.0 second).*®

Secondary outcomes included: (1) Functional Oral Intake Scale (FOIS), a validated 7-level ordinal scale (1 = nothing by
mouth; 7 = total oral diet without restrictions), with established inter-rater reliability of k = 0.86-0.91 and 85% perfect
agreement;”"*® (2) Penetration-Aspiration Scale (PAS), an 8-point ordinal scale developed by Rosenbek et al,>*** where score
1 indicates no airway invasion and score 8§ indicates silent aspiration; and (3) nutritional parameters including serum albumin,
prealbumin, and Mini Nutritional Assessment (MNA) scores. The full 18-item MNA was administered, assessing anthropo-
metric measurements, general health status, dietary intake, and subjective self-assessment; total scores range from 0 to 30,
with >24 indicating normal nutritional status, 17-23.5 indicating risk of malnutrition, and <17 indicating malnutrition.>'

Statistical Analysis
Continuous variables were assessed for normality using Shapiro—Wilk tests and expressed as mean + standard deviation.
Ordinal variables (FOIS and PAS) were analyzed using non-parametric methods and reported as median with inter-
quartile range, as recommended given the non-interval nature of these scales.>® Baseline characteristics were compared
using one-way analysis of variance (ANOVA) for continuous variables and Kruskal-Wallis tests for ordinal variables.
Between-group differences in treatment outcomes were analyzed using one-way ANOVA for continuous variables,
with Bonferroni correction for post-hoc pairwise comparisons. Kruskal-Wallis tests with Dunn’s post-hoc procedure
were used for ordinal variables. Within-group changes from baseline to 6 weeks were assessed using paired t-tests for
continuous variables and Wilcoxon signed-rank tests for ordinal variables.

4 https: Journal of Multidisciplinary Healthcare 2026:19



Ma et al

Effect sizes were calculated using eta-squared (1) for ANOVA, with conventional thresholds of 0.01 (small), 0.06
(medium), and 0.14 (large). Statistical significance was set at P < 0.05. All analyses were performed using R version
4.3.3 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Patient Characteristics

A total of 142 patients were initially screened, of whom 96 met all inclusion criteria and were included in the analysis
(Figure 1). Forty patients were excluded due to neurological etiology of dysphagia, and 6 patients had incomplete follow-
up data. The CST group comprised 36 patients, the CST+NMES group comprised 33 patients, and the CST+NMES+PRT
group comprised 27 patients.

Baseline demographic and clinical characteristics are summarized in Table 1. The three groups were comparable with
respect to age (overall mean: 81.9 + 5.9 years), sex distribution (44% male), body mass index (20.6 + 2.9 kg/mz), and
sarcopenia-related parameters. All patients met AWGS 2019 criteria for sarcopenia.’> No significant between-group
differences were observed for any baseline swallowing assessments or nutritional parameters (all P > 0.05).

Treatment Adherence

Treatment adherence was generally high across all groups and comparable to rates reported in previous multimodal
therapy trials.?® In the CST group, 34 of 36 patients (94.4%) completed all scheduled sessions. In the CST+NMES group,
31 of 33 patients (93.9%) achieved full adherence. The CST+HNMES+PRT group demonstrated slightly lower adherence,
with 24 of 27 patients (88.9%) completing all sessions, consistent with previous observations that CTAR-based protocols
demonstrate better tolerability than traditional Shaker exercises but may still present challenges for some elderly

Patients screened for eligibility
(n=142)

Excluded (n = 46)
« Neurological etiology (n = 40)
- Stroke (n = 28)
- Parkinson disease (n = 8)
- Other neurological conditions (n = 4)
« Incomplete follow-up data (n = 6)

Patients meeting inclusion criteria
and included in analysis
(n =96)

Treatment Allocation
(based on clinical decision)

CST Group
(n=36)

Conventional Swallowing
Therapy alone

CST+NMES Group
(n=33)

Conventional Therapy +
Neuromuscular Electrical
Stimulation

CST+NMES+PRT Group
(n=27)

Conventional Therapy +
NMES + Progressive
Resistance Training

Completed 6-week follow-up
(n=36)
Adherence: 94.4%

Completed 6-week follow-up
(n=233)
Adherence: 93.9%

Completed 6-week follow-up
(n=27)
Adherence: 88.9%

Analyzed (n = 36)
No exclusions

Analyzed (n = 33)
No exclusions

Analyzed (n = 27)
No exclusions

Figure | Study flow diagram showing patient screening, enrollment, and allocation to treatment groups.
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Table | Baseline Demographic and Clinical Characteristics

Variable CST (n=36) | CST+NMES (n=33) | CST+NMES+PRT (n=27) | P Value
Age (years) 81.5+58 823 6.2 81955 0.872
Male, n (%) 16 (44.4) 14 (42.4) 12 (44.4) 0.981
BMI (kg/m?) 204 +28 20.8 + 3.1 20.6 £2.9 0.864
Handgrip strength (kg) 182 + 45 178 + 4.8 18.5 + 4.2 0.798
SSA score 285 %42 29.1 £ 45 288 + 43 0.835
VDS pharyngeal 325+ 68 332+7.1 328+ 65 0912
FOIS, median (IQR) 3(34) 3(2-3) 3 (34) 0.754
PAS, median (IQR) 5 (5-6) 6 (5-6) 5 (5-6) 0.689
Prealbumin (mg/dL) 142 + 4.1 14.8 + 4.5 145 + 43 0.845

Note: Data are presented as mean + SD or median (IQR).
Abbreviations: BMI, body mass index; SSA, Standardized Swallowing Assessment; VDS, Videofluoroscopic Dysphagia Scale;
FOIS, Functional Oral Intake Scale; PAS, Penetration-Aspiration Scale.

patients.'* No serious adverse events were reported, consistent with safety recommendations for geriatric exercise

interventions.'?

Swallowing Function Outcomes

All three groups demonstrated statistically significant improvements in swallowing function from baseline to 6 weeks
(Table 2). Between-group comparisons revealed significant differences in the magnitude of improvement favoring the
CST+NMES+PRT group.

For the primary outcome of SSA score change, the CST+NMES+PRT group demonstrated the greatest improvement
(mean change: —8.40 + 2.85 points), followed by CST+NMES (—5.70 + 2.42 points) and CST alone (-3.20 + 1.95
points). One-way ANOVA confirmed significant between-group differences (F = 8.21, P <0.001), with a large effect size
(n? = 0.150). Post-hoc comparisons with Bonferroni correction revealed significant differences between all pairwise
group comparisons (all P < 0.01).

VDS pharyngeal phase scores demonstrated a similar pattern, with the CSTHNMES+PRT group showing the greatest
reduction (improvement) in scores (—12.80 + 3.42). The between-group effect size was large (> = 0.137, P < 0.001).
VDS oral phase scores also differed significantly between groups (1> = 0.097, P < 0.001). OTT reductions were observed
in all groups, with a medium effect size for between-group differences (n” = 0.057, P < 0.01).

For FOIS, the CST+NMES+PRT group demonstrated the greatest improvement (median change: 3 [IQR: 2-3]),
compared with CSTHNMES (median change: 2 [IQR: 2-3]) and CST alone (median change: 1 [IQR: 0-2]). Kruskal—
Wallis testing confirmed significant between-group differences (H = 28.45, P < 0.001). PAS scores improved significantly
across all groups, with the CST+NMES+PRT group showing the greatest reduction (H = 18.72, P < 0.001). The
magnitude of improvements across treatment groups is illustrated in Figure 2, which demonstrates the progressive
increase in treatment effect from CST alone to CST+HNMES to CST+NMES+PRT for all swallowing outcomes.

Table 2 Swallowing Function Outcomes After 6 Weeks of Treatment

Variable CST (n=36) | CST+NMES (n=33) | CST+NMES+PRT (n=27) | F/H P n?
SSA change ~320 £ 1.95 ~5.70 + 2.42 ~8.40 + 2.85 821 | <0001 | 0.I5
VDS oral change ~2.40 + 1.85 ~430 +2.12 ~7.30 + 2.54 6.42 | <0.001 | 0.097
VDS pharyngeal change | —4.50 + 2.35 ~820 + 3.18 ~12.80 + 3.42 7.89 | <0.001 | 0.137
OTT change (s) ~0.18 £ 0.15 ~031£0.18 ~0.52 + 0.22 485 | <001 | 0.057
FOIS change* I (0-2) 2 (2-3) 3(2-3) 2845 | <0001 | —
PAS change* -1 (20 0) 2 (-3to-1) -3 (-3t0-2) 1872 | <0001 | —

Notes: Data are presented as mean + SD or *median (IQR). Negative values indicate improvement.
Abbreviations: SSA, Standardized Swallowing Assessment; VDS, Videofluoroscopic Dysphagia Scale; OTT, oral transit time; FOIS, Functional Oral
Intake Scale; PAS, Penetration-Aspiration Scale. F values from one-way ANOVA; H values from Kruskal-Wallis test.
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Figure 2 Swallowing function outcomes after 6 weeks of treatment. (A) SSA score change; (B) VDS pharyngeal score change; (C) OTT change; (D) FOIS level change. Data
are presented as mean * SE for continuous variables and box plots for ordinal variables. ***P < 0.001.

Nutritional Outcomes

Nutritional parameters demonstrated variable responses to treatment (Table 3). Prealbumin levels increased significantly
in all groups, with the greatest increase observed in the CST+NMES+PRT group (mean change: +4.77 + 2.85 mg/dL).
Between-group differences were statistically significant (F = 4.52, P = 0.013), with a medium effect size (n* = 0.055).

Table 3 Nutritional Outcomes After 6 Weeks of Treatment

Variable CST (n=36) | CST+NMES (n=33) | CST+NMES+PRT (n=27) F P n?

Prealbumin change (mg/dL) | +1.49 £ 2.15 +2.88 + 2.42 +4.77 + 2.85 4.52 | 0.013 | 0.055
MNA score change +1.38 £ 1.85 +2.52 £ 2.12 +3.76 + 235 2.18 | 0.042 | 0.025
Albumin change (g/dL) +0.16 £ 0.28 +0.24 £ 0.32 +0.33 £ 0.35 1.42 | 0.246 | 0.018

Notes: Data are presented as mean + SD. Positive values indicate improvement.

Abbreviation: MNA, Mini Nutritional Assessment.
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Figure 3 Nutritional outcomes after 6 weeks of treatment. (A) Prealbumin change; (B) MNA score change; (C) Albumin change. Data are presented as mean * SE. **P < 0.01,
P < 0.001.
Abbreviation: ns, not significant.

MNA scores improved across all groups, with a small but statistically significant between-group difference (F = 2.18,
P = 0.042, n° = 0.025). In contrast, serum albumin levels, while showing a trend toward improvement, did not
demonstrate significant between-group differences (F = 1.42, P = 0.246). The nutritional response patterns across
treatment groups are presented in Figure 3, highlighting the differential effects on prealbumin compared with albumin.

Discussion

This retrospective cohort study examined the efficacy of progressive resistance training combined with neuromuscular
electrical stimulation and conventional therapy for sarcopenic dysphagia in elderly inpatients. Our findings suggest that
the addition of PRT to NMES and conventional swallowing therapy may provide incremental benefits for swallowing
function, with large effect sizes observed for SSA (n* = 0.150) and VDS pharyngeal scores (1> = 0.137). These results

align with and extend previous literature on multimodal dysphagia rehabilitation'®-*°

and provide preliminary evidence
supporting targeted resistance training for the sarcopenic component of swallowing dysfunction.

A central conceptual challenge in interpreting these findings, and in the sarcopenic dysphagia field more broadly, deserves
explicit discussion. The diagnosis of sarcopenic dysphagia requires ruling out neurological etiologies; however, in clinical
practice, dysphagia in elderly inpatients is frequently multifactorial. Subclinical neurological impairment, frailty, decondition-
ing, medication effects, and structural oropharyngeal changes may coexist, rendering strict etiological attribution challenging
even with the validated 5-step diagnostic algorithm.”> Although patients with established neurological diagnoses were
systematically excluded (40 patients excluded on this basis), the presence of undetected subclinical neurological contributions
cannot be fully eliminated without comprehensive neurological evaluation. Consequently, the observed treatment benefits
may partly reflect general rehabilitation effects common to all dysphagia interventions, rather than effects specific to
sarcopenic pathophysiology. This interpretation is further complicated by the fact that much of the evidence cited in the

. . . . . 13.14.1
present discussion derives from neurogenic or post-stroke populations,'!'*!”

and its applicability to sarcopenic dysphagia
requires careful qualification. Readers should therefore interpret our findings as preliminary evidence for this population,
pending confirmation from trials with rigorous diagnostic and neurological exclusion protocols.

The observed treatment effects are consistent with the theoretical rationale underlying PRT for sarcopenic dysphagia.
Swallowing requires coordinated activity of over 30 muscles,” many of which are susceptible to age-related sarcopenia.
Meta-analytic evidence indicates that tongue strengthening exercises yield significant improvements in tongue pressure,
with the greatest benefits observed in adults aged >65 years (MD = 8.01 kPa; 95% CI: 4.39-11.64)."> By combining
tongue strengthening with CTAR and EMST, our protocol addressed multiple components of the swallowing muscu-

lature, potentially explaining the larger effect sizes observed compared with NMES or conventional therapy alone.

8 https: Journal of Multidisciplinary Healthcare 2026:19



Ma et al

The large effect sizes observed for primary swallowing outcomes in our study (n> = 0.137-0.150) are comparable to
those reported in meta-analyses of combined therapeutic approaches. The 2025 network meta-analysis demonstrated that
NMES combined with effortful swallowing and traditional therapy achieved SUCRA values of 73.9-95.3%, substantially
outperforming single modalities (7.7-36.2%)."” Our findings suggest that the addition of structured PRT may provide
similar or greater benefits for the specific population of patients with sarcopenic dysphagia, though this hypothesis
requires confirmation in randomized trials.

The improvement in FOIS scores is particularly relevant from a clinical perspective. The median 3-point improve-
ment observed in the CSTHNMES+PRT group represents a substantial functional gain, potentially allowing patients to
transition from tube feeding to modified oral diets. This magnitude of improvement is consistent with the estimated FOIS
improvement of 1.44 units reported in a pilot RCT of combined NMES and resistance exercise.”” Such improvements
have important implications for quality of life, as nutritional status has been shown to mediate approximately 30% of the
relationship between dysphagia severity and quality of life outcomes.™

These effect magnitudes are broadly consistent with prior reports. The improvement observed in the CST+NMES
group for SSA scores is consistent with the mean difference of —6.39 reported in a comprehensive meta-analysis of
NMES combined with conventional therapy (46 RCTs, n=3,346)."” Regarding nutritional outcomes, the absence of
significant between-group differences for albumin likely reflects its longer plasma half-life (15-20 days) and sensitivity
to acute-phase responses rather than short-term nutritional intake,*' rendering it a less sensitive marker of nutritional
recovery over a 6-week period compared with prealbumin (half-life: 2-3 days).

Our findings are broadly consistent with previous research examining resistance-based and electrical stimulation
interventions for dysphagia. A systematic review and meta-analysis of tongue strengthening exercises (12 RCTs, n = 388)
demonstrated significant improvements in anterior tongue strength (MD = 5.34 kPa) and posterior tongue strength (MD =
8.12 kPa)."? Similarly, meta-analytic evidence for CTAR (9 RCTs, n = 548) has demonstrated superiority over traditional
Shaker exercises, with significant improvements in PAS scores (MD = —1.43) and oral intake measures (SMD = -1.82)."

The added benefit of NMES observed in this study aligns with comprehensive meta-analytic evidence. A systematic
review of 46 RCTs (n = 3,346) found that NMES combined with conventional therapy significantly improved multiple
outcomes, including a 63% reduction in swallowing-related complications (OR = 0.37; 95% CI: 0.24-0.57)."”
Importantly, recent evidence suggests that NMES alone may not be superior to conventional therapy, but the combination
achieves significantly better outcomes (SMD = 0.91; 95% CI: 0.68—1.14),% consistent with our findings.

The specific application of combined PRT and NMES for sarcopenic dysphagia represents an emerging area of
research. The 2024 case report by Eimoto et al documented successful outcomes using combined NMES and resistance
training specifically for confirmed sarcopenic dysphagia,?' representing the first such report in the literature. The present
study extends this preliminary evidence by examining outcomes in a larger cohort with standardized treatment protocols
and validated outcome measures.

Several alternative explanations for the observed findings warrant consideration. First, the dose-response relationship
between treatment intensity and outcomes may partly reflect non-specific effects of increased therapeutic contact time:
the CST+HNMES+PRT group received approximately 45-50 minutes of therapy per day, compared with 30 minutes for
CST alone, and this differential exposure could independently contribute to better outcomes irrespective of the specific
PRT mechanism. Second, unmeasured differences in patient motivation, family engagement, or therapist attention across
groups may have confounded the observed effects. Third, because group allocation was based on clinical judgment,
patients selected for more intensive treatment may have had greater functional reserve at baseline, introducing selection
bias despite the statistically comparable baseline characteristics. These alternative explanations cannot be excluded given
the retrospective, non-randomized design, and should be addressed in future prospective trials.

Limitations

Several limitations warrant consideration when interpreting these findings. First, the retrospective design precludes causal
inference and introduces potential confounding. Treatment allocation was based on clinical judgment rather than
randomization, raising the possibility that patients selected for more intensive treatment may have differed systematically
from those receiving standard care. Although baseline characteristics were statistically comparable across groups,
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unmeasured confounders such as pre-existing frailty severity, motivation, or family support could have influenced
outcomes.

Second, several sources of bias merit acknowledgment. Selection bias may have occurred if patients with greater
functional reserve were preferentially assigned to the PRT group. Detection bias is also possible, as outcome assessors
were not blinded to treatment allocation. While the SSA has demonstrated excellent psychometric properties (sensitivity
97%, specificity 90%),> its subjective components may be susceptible to assessor expectations. The absence of blinded
assessment represents a significant limitation that should be addressed in future prospective studies.

Third, the relatively small sample size, particularly in the CST+NMES+PRT group (n = 27), limits statistical power
for detecting smaller effects and restricts generalizability. The sample size was determined by patient availability during
the study period rather than a priori power analysis. Additionally, the single-center design may limit external validity.

Fourth, the 6-week follow-up period does not permit assessment of long-term outcomes or treatment durability.
Evidence suggests that exercise-based dysphagia therapies require sustained intervention periods, with recommendations
of 8—12 weeks for progressive resistance training.”* Whether the observed improvements are maintained after cessation
of treatment remains unknown.

Finally, caution is warranted regarding the potential for adverse effects in elderly populations. Expert consensus
recommends that extreme exercise can cause trauma and fatigue in elderly patients, and cognitive and physical
limitations may affect compliance.'” The slightly lower adherence rate observed in the CST+NMES+PRT group
(88.9% vs. 93.9-94.4%) may reflect these concerns.

Clinical Implications
Despite these limitations, our findings have potential clinical implications when considered alongside existing evidence.
Current clinical practice guidelines recommend tongue and pharyngeal strengthening exercises for dysphagia

de 1112
rehabilitation,

and the 2024 VA/DoD clinical practice guidelines specifically recommend CTAR and respiratory
muscle strength training.** Our findings suggest that these recommendations may extend to the specific population of
patients with sarcopenic dysphagia, though confirmation through randomized trials is needed.

The PRT protocol employed in this study is feasible for implementation in inpatient rehabilitation settings and utilizes
commercially available equipment. However, clinicians should consider patient factors including cognitive status,
physical tolerance, and motivation when selecting treatment intensity. The multidisciplinary approach combining
physical therapy, speech-language pathology, and nutritional intervention appears essential for optimal outcomes,
consistent with position statements emphasizing that sarcopenic dysphagia requires both dysphagia rehabilitation and

nutritional support.>'°

Future Directions

Randomized controlled trials with adequate sample sizes are needed to confirm these preliminary findings and establish
causal relationships. Such trials should incorporate: (1) blinded outcome assessment to minimize detection bias; (2)
longer follow-up periods (=12 weeks) to assess treatment durability; (3) evaluation of patient-reported outcomes and
quality of life measures; and (4) economic analyses to inform resource allocation. Research examining optimal dosing
parameters for PRT in sarcopenic dysphagia, including intensity progression and treatment duration, would further
inform clinical practice.

Conclusions

In this retrospective cohort study of elderly inpatients with sarcopenic dysphagia, the combination of progressive
resistance training with neuromuscular electrical stimulation and conventional swallowing therapy was associated with
greater improvements in swallowing function compared with less intensive treatment protocols. Effect sizes were large
for primary swallowing outcomes and small to medium for nutritional parameters. These findings are consistent with
emerging evidence supporting multimodal rehabilitation approaches for dysphagia and provide preliminary support for
targeting the sarcopenic component of swallowing dysfunction. However, the retrospective design and associated
limitations preclude definitive conclusions regarding causality. These findings provide a rationale for prospective
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randomized trials to evaluate the efficacy of combined PRT and NMES for sarcopenic dysphagia. Future trials should
incorporate blinded outcome assessment, longer follow-up periods (=12 weeks), patient-reported outcome measures, and
comprehensive neurological exclusion protocols to confirm and extend these preliminary findings.
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