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Symptoms of diaphragm dysfunction, such as exertional dyspnea and decreased exercise tolerance,
share similarities with the symptoms of skeletal muscle mass reduction caused by conditions like
sarcopenia. Given that the diaphragm is also a skeletal muscle, sarcopenia may be associated with
diaphragm dysfunction, but the specifics of this relationship remain unclear. This study aimed to
assess the relationship between diaphragm function—measured by ultrasonography (thickness,
thickening fraction, and excursion)—and muscle mass of the extremities, trunk, and whole body

using bioimpedance analysis. We recruited older adults from an outpatient clinic for swallowing
rehabilitation or frailty. Muscle mass was measured through bioimpedance analysis, and diaphragm
function was evaluated with ultrasonography. The relationships between diaphragm ultrasound results
and muscle mass measurements were analyzed with regression models adjusted for age, sex, and
height. The study included 114 participants (mean age 78.0 years; 45.6% male). The skeletal muscle
index was 7.2 kg/m? for men and 5.9 kg/m? for women, with 20% meeting the Asian Working Group for
Sarcopenia 2019 criteria. Diaphragm excursion during deep breathing was significantly associated with
muscle mass of the extremities, trunk, and whole body (p <0.001 in simple analysis; p<0.01 in multiple
analysis). Diaphragm thickness and thickening fraction showed no significant associations with muscle
mass. Diaphragm excursion could be an adequate indicator of sarcopenia in cases where limb-based
measurement is not possible, and therefore unreliable.
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Abbreviations

ADL Activities of daily living

Tdi Diaphragm thickness

TF Thickening fraction

DE Diaphragm excursion

BIA Bioelectrical impedance analysis
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SMM Skeletal muscle mass

SMI Skeletal muscle index

ASM Appendicular skeletal muscle mass
TMM Trunk muscle mass

FRC Functional residual capacity

SD Standard deviation

MMSE Mini-mental state examination

%VC Percent vital capacity

FEV1/FVC  Forced expiratory volume in one second / forced vital capacity
COPD Chronic obstructive pulmonary disease
CI Confidence interval

Coef Coefficient

Sarcopenia is the decline in skeletal muscle mass and strength caused by aging, malnutrition, lack of exercise,
and chronic diseases. Sarcopenia is associated with an increase in falls, fractures, hospitalization, and death, as
well as a decrease in activities of daily living (ADL) and physical function, which potentially leads to a decline in
quality of life in older adults and an increase in social security costs. Therefore, early diagnosis and intervention
for sarcopenia are critically important!. Additionally, respiratory muscle strength, such as maximal inspiratory
pressure, is lower in patients with sarcopenia and the prevalence of sarcopenia reaches 50-60% in patients
with acute lung injury*?. Against this background, the concept of respiratory sarcopenia, which focuses on the
decline in respiratory muscle strength and mass, has been proposed in recent years*. In this context, the concept
of respiratory sarcopenia, characterized by the coexistence of reduced respiratory muscle strength and mass,
has recently been proposed, in contrast to global sarcopenia, which is defined by the coexistence of decreased
skeletal muscle function and mass"*. When evaluating respiratory sarcopenia, the diaphragm is used as an
indicator of respiratory muscle mass. However, specific methods for quantifying respiratory muscle mass and
corresponding cutoff values have not yet been established*.

The diaphragm functions not only as a critical respiratory muscle but also as a core muscle that helps maintain
postural stability; its dysfunction is tied to respiratory impairments and challenges in physical function and
balance®°. Given the similarities between diaphragm dysfunction and the symptoms of sarcopenia, and that the
diaphragm is a skeletal muscle, hypotheses of a relationship between diaphragm function and overall skeletal
muscle mass have been proposed®.

Ultrasonography, a minimally invasive imaging method, is increasingly used to evaluate diaphragm
function. It has traditionally been utilized to predict successful extubation of intubated patients and to diagnose
diaphragmatic paralysis>!!"!4. In diaphragm ultrasonography, primary evaluation indices include diaphragm
thickness (Tdi), thickening fraction (TF) during respiration, and diaphragm excursion (DE), and it is known that
the most appropriate evaluation indicator varies depending on the clinical situation'®.

However, research on the relationship between diaphragm function and overall muscle mass is limited,
and it is not yet clear which of these indices—Tdi, TE, or DE—is more strongly associated with muscle mass.
No previous studies have simultaneously assessed all three ultrasound parameters in the same participants'®.
Therefore, this study aimed to examine the relationship between indices of diaphragm function measured by
ultrasonography (Tdi, TE, DE) and muscle mass of the extremities, trunk, and whole-body skeletal muscle mass.
This study aimed to provide novel insight into the relevance of diaphragm ultrasound measures as indicators of
systemic muscle loss.

Methods

Study population and setting

This study recruited patients who visited the Swallowing Rehabilitation Outpatient Clinic at Tokyo Medical and
Dental University Hospital in Tokyo, the Frailty Outpatient Clinic at Tokyo Metropolitan Institute for Geriatrics
and Gerontology in Tokyo, and the Frailty Outpatient Clinic at Hitachiomiya Saiseikai Hospital in Hitachiomiya,
Ibaraki Prefecture between May 2023 and April 2024. All patients gave informed consent before inclusion.
Individuals aged 65 years or older who could walk independently and follow instructions were included in the
study. Exclusion criteria included those with symptoms suggestive of acute infection, individuals with implanted
medical devices such as pacemakers, those using home oxygen therapy, those with communication difficulties,
those who did not provide consent, and those deemed unsuitable by the researchers (e.g., those predicted to
have significant frailty making it challenging to complete the tests). Participants underwent medical interviews
regarding their lifestyle history, medical history, medication history, ADL (Barthel Index), and cognitive
function (mini-mental state examination). Additionally, measurements were taken of their height, weight,
waist circumference, calf circumference, blood pressure, handgrip strength, and gait speed over a 4-meter walk.
Moreover, using bioelectrical impedance analysis (BIA) with the Inbody S10 or Inbody 770 (Inbody Japan Inc.,
Tokyo, Japan), the muscle mass of the whole body and different regions, total skeletal muscle mass (SMM), and
skeletal muscle index (SMI) were measured. The SMI was defined by existing research and sarcopenia diagnostic
criteria as the appendicular skeletal muscle mass (ASM) divided by height squared (kg/m?)!”'8. When measuring
muscle mass by region, skeletal muscle could not be measured in isolation; therefore, trunk muscle mass (TMM)
includes smooth muscle and cardiac muscle. The diaphragm ultrasound examination, respiratory function test,
and respiratory muscle strength test were performed after the medical interview and physical examination.

Ultrasound measurements of the diaphragm
The right hemidiaphragm’s Tdi, TE, and DE were assessed seated, using an ultrasound imaging system (ARIETTA
50" or FC1", FUJIFILM, Japan). For measuring Tdi and TF in B-mode, a linear probe was placed longitudinally
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and perpendicular to the chest wall between the 8th and 9th intercostal spaces along the anterior to mid-axillary
lines, with adjustments made to avoid the ribs. The probe was positioned so that a portion of the lung was visible
at the end of inspiration. At this location, we measured the Tdi at the end of expiration during quiet breathing,
corresponding to the functional residual capacity (FRC), and at the end of inspiration during deep breathing. Tdi
was defined as the distance between the pleural line’s midpoint and the peritoneal line’s midpoint (Supplementary
Figure S1A). TF was calculated using the formula: 100 x ([Tdi at the end of deep inspiration — Tdi at FRC]/Tdi
at FRC) [%].

For DE measurement, a sector probe was similarly positioned, placed longitudinally and perpendicular to the
chest wall, with adjustments made to avoid the ribs and ensure that the lung did not overlap with the diaphragm
dome during deep breathing. In M-mode, the cursor line was adjusted to be as perpendicular as possible to the
tangent of the diaphragm at the posterior two-thirds of the diaphragm dome, and the position change between
deep inspiration and deep expiration was measured (Supplementary Figure S1B). All diaphragm ultrasonography
was performed by trained physicians or technicians. These examinations were performed by two physicians and
one sonographer who had received the same training of diaphragm ultrasound examination. If the findings were
clear, a single examination was performed. If clear findings were not obtained, the examination was repeated
until clear findings were obtained.

Spirometric and respiratory muscle studies

Respiratory function and respiratory muscle strength tests were conducted using a spirometer (DISCOM-51 by
Chest ML.I. Inc., Tokyo, Japan, at Hitachiomiya Saiseikai Hospital and AutoSpiratory AS507 by Minato Medical
Science at other facilities) in accordance with the guidelines established by the American Thoracic Society
and the European Respiratory Society and updated in 2019'°. In a seated position, forced vital capacity, forced
expiratory volume in one second, forced expiratory volume in one second/forced vital capacity ratio, maximal
inspiratory pressure, and maximal expiratory pressure was measured.

Statistical analyses

The differences in the mean values between males and females were compared for the diaphragm ultrasound
results (Tdi, TE, DE) using the Student’s t-test. The relationships between the diaphragm ultrasound results and
muscle mass measurements were analyzed using simple and multiple regression analyses adjusted for age, sex,
and height. Statistical significance was established when a p-value was less than 0.05. All data analyses were
performed using STATA version 18.0, supplied by StataCorp LLC, College Station, TX, USA.

Results

Participants

In total, 115 participants who met the inclusion criteria were recruited, and 114 individuals aged 65 years or
older who provided informed consent were included in the study. The participants’ characteristics are shown
in Table 1. The mean age of the participants was 78.0 + 6.7 years, the mean BMI was 23.4 +3.3 kg/m?, the mean
Barthel Index was 98.3 +4.2, and the mean mini-mental state examination score was 27.4 +3.1. Of participants,
10.5% had a history of cerebrovascular disease, but none had residual effects, such as limb paralysis. Only two
cases (1.8%) had a history of neurological diseases other than cerebrovascular disorders.

Muscle mass

The results of the muscle mass measurements using BIA are presented in Table 2. The mean SMI was 7.2 £0.7 kg/
m? for males and 5.9+0.7 kg/m? for females, with 20.0% of participants meeting the AWGS2019 criteria for
sarcopenial®.

Diaphragm ultrasonography

The results of the diaphragm ultrasound examinations are shown in Table 3. The thickness of the right
diaphragm at FRC was measurable in all 114 cases, with a mean of 2.1 +0.6 mm. The TF during deep breathing
was measurable in 112 cases, with a mean of 88.7 +44.9%; no statistically significant differences were observed
between males and females for either measurement. By contrast, DE was measurable in 107 cases, with a mean
of 44.4+14.0 mm, and a significant difference was observed between males and females, with a mean DE of
48.8+£13.7 mm in males and 41.0 £ 13.4 mm in females (p =0.004).

Relationships between diaphragm ultrasound measurements and muscle mass parameters:
single and multiple regression analyses

The relationship between each diaphragm ultrasound measurement (Tdi, TF, DE) and various muscle mass
parameters (ASM, TMM, SMM, SMI) was analyzed using univariate linear regression analysis (Table 4). No
significant associations were found between Tdi and TF and any muscle mass parameters. By contrast, DE
showed statistically significant associations with ASM, TMM, SMM, and SMI (all p<0.001) (Supplementary
Figure S2).

Next, multiple regression analyses adjusted for age, sex, and height were performed (Table 5). Similar to the
univariate analysis, no statistically significant causal relationships were observed between Tdi and TF and the
muscle mass parameters. However, significant causal relationships were found between DE and ASM (p=0.004),
TMM (p <0.001), SMM (p=0.003), and SMI (p =0.002) (Supplementary Figure S3).
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Total | n=114 | Male | n=>52 | Female | n=62

Mean | (SD) Mean | (SD) | Mean | (SD)
Age [years] 780 |67 780 |67 78.0 6.8
Height [cm] 155.7 | 8.7 162.6 | 5.6 149.9 6.1
Body mass index [kg/m?] 234 |33 232 [3.0 23.5 3.6
Barthel Index 98.3 4.2 97.7 5.1 98.8 33
MMSE 274 3.1 274 33 274 29
%VC 93.7 17.8 92.1 20.2 94.9 15.7
FEV1/FVC [%] 78.1 7.8 76.4 8.2 79.5 7.2
Smoking history n (%) n (%) n (%)
Never smoker 67 58.8 9 17.3 58 93.5
Current smoker 7 6.1 6 115 |1 1.6
Former smoker 39 34.2 37 712 |2 3.2
No answer 1 0.9 0 0.0 1 1.6
Charlson Comorbidity Index | 1.6 1.5 2.0 1.5 1.3 1.5
Past medical history n (%) n (%) n (%)
Hypertension 68 59.6 29 55.8 39 62.9
Dyslipidemia 67 58.8 24 46.2 43 69.4
Diabetes mellitus 66 57.9 26 50.0 |40 64.5
COPD 3 2.6 3 5.8 0 0.0
Stroke 12 10.5 8 15.4 4 6.5
Other neurological diseases | 2 1.8 1 1.9 1 1.6
Sarcopenia 22 20.0 12 24.0 10 16.7

Table 1. Participant characteristics. Data are presented as mean and SD or number of patients with percentage
(%). SD, standard deviation; MMSE, mini-mental state examination; %VC, percent vital capacity; FEV1/FVC,
forced expiratory volume in one second/forced vital capacity; COPD, chronic obstructive pulmonary disease.

Total n=110 Male n=>50 Female n=60

Parameter | mean | [95% CI] SD | mean | [95% CI] SD | mean | [95% CI] SD
ASM [kg] 16.1 [15.4,16.9] | 3.8 | 19.3 [18.5,20.1] | 2.8 | 13.5 [12.9,14.1] | 2.2
TMM (kg] |17.3 |[16.7,18.0] | 3.5 |20.0 |[19.1,20.8] |3.0 |15.1 |[14.6,15.6] | 1.9
SMM [kg] 21.2 [20.4,22.0] | 4.3 | 247 [23.7,25.7] | 3.5 | 18.3 [17.7,18.9] | 2.3
SMI [kg/m?] | 6.5 [63,67] |10 ]| 72 [7.0,7.4] 0.7 | 59 [5.8,6.1] |0.7

Table 2. Muscle mass parameters: limb muscle mass, skeletal muscle mass, trunk muscle mass, and skeletal
muscle index. SD, standard deviation; CI, confidence interval; ASM, appendicular skeletal muscle mass; TMM,
trunk muscle mass; SMM, skeletal muscle mass; SMI, skeletal muscle index.

Total Male Female
Parameter Mean | [95% CI] SD | Mean | [95% CI] SD | Mean | [95% CI] SD | p-value**
Thickness (FRC) [mm] ? 2.1 [2.0,2.2] 0.6 2.1 [2.0,2.2] 0.5 2.0 [1.9,2.2] 0.7 | 0.613

Thickening fraction [%] ® 88.7 [80.3,97.1] | 44.9 | 92.8 [79.2,106.4] | 48.9 | 85.1 [74.5,95.8] | 41.2 | 0.370
Diaphragm excursion [mm] ¢ | 44.4 [41.8,47.1] | 14.0 | 48.8 [44.8,52.8] | 13.7 | 41.0 [37.6,44.5] | 13.4 | 0.004*

Table 3. Diaphragm thickness, thickening fraction, and excursion of right diaphragm. SD, standard deviation;
CI, confidence interval; FRC, functional residual capacity. *n =114, by =112, n=107. *p<0.05. **Comparison
between male and female groups. P-values were calculated using the Student’s t-test.

Discussion

In this study, we examined the relationship between various diaphragm ultrasound parameters (Tdi, TF, DE)
and muscle mass measurements obtained by BIA (ASM, TMM, SMM, SMI) in older outpatients in Japan. Both
single regression analysis and multiple regression analyses adjusted for age, sex, and height showed that DE had a
statistically significant association with ASM, TMM, SMM, and SMI. By contrast, Tdi and TF were not associated
with any muscle mass measurements.
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Outcome variable

ASM TMM SMM SMI
Explanatory variable Coef | [95% CI] p-value | Coef | [95% CI] p-value | Coef | [95% CI] p-value | Coef | [95% CI] p-value
Thickness (FRC) [mm]?* 0.81 |[-0.43,2.06] | 0.199 |1.10 |[-0.01,221] | 0.052 |1.08 |[-0.33,2.49] | 0.132 |023 |[-0.77,0.54] | 0.139
Thickening fraction [%]° 0.01 [0.00, 0.03] 0.157 ]0.01 |[-0.01,0.02] 0.281 [0.01 |[-0.01,0.03] 0.210 | 0.00 [0.00, 0.01] 0.557
Diaphragm excursion [mm]© [ 0.12 | [0.07,0.16] | <0.001* | 0.11 | [0.07,0.15] | <0.001* | 0.13 | [0.08,0.18] | <0.001* | 0.03 | [0.02,0.04] | <0.001*

Table 4. Results of simple regression analyses between right diaphragm parameters and muscle parameters.
CI, confidence interval; coef, coefficient; ASM, appendicular skeletal muscle mass; TMM, trunk muscle mass;
SMM, skeletal muscle mass; SMI, skeletal muscle index; FRC, functional residual capacity. *n=110, b1=108,
n=103.*p<0.05.

Outcome variable: ASM

Explanatory variable Coef | [95% CI] pvalue | Coef | [95% CI] pvalue | Coef |[95% CI] p value
Thickness (FRC) [mm] ? 0.19 | [-0.42,0.80] 0.534
Thickening fraction [%] ® 0.00 | [-0.01,0.01] 0.891
Diaphragm excursion [mm] € 0.04 |[0.01,0.07] 0.004*
Age 001 |[-005006 |0781 [001 |[-0.05006] |0748 |0.01 |[-0.05,006] |0.818
Sex [reference: male] -2.05 | [-3.13,-0.98] | <0.001* | -2.10 | [-3.14,-0.99] | <0.001* | -2.00 | [-3.03,-0.91] | <0.001*
Height [cm] 0.29 | [0.23,0.36] <0.001* | 0.30 [0.23, 0.36] <0.001* | 0.28 | [0.21,0.34] <0.001*
adjusted R-squared value 0.77 0.77 0.78

Outcome variable: TMM
Thickness (FRC) [mm] ? 0.62 | [-0.04,1.27] 0.064
Thickening fraction [%] ® 0.00 |[-0.01,0.01] 0.716
Diaphragm excursion [mm] ¢ 0.05 | [0.02,0.08] <0.001*
Age -0.04 | [-0.10, 0.02] 0.145 6.041 [-0.10, 0.02] 0.172 -0.05 | [-0.10, 0.01] 0.116
Sex [reference: male] -2.05 | [-3.20,-0.89] | 0.001* ;.012 [-3.17,-0.85] | 0.001* | -1.81 | [-2.89,—0.74] | 0.001*
Height [cm] 022 |[0.15,0.29] <0.001* | 023 |[0.16,030] |<0.001* | 020 |[0.13,026] |<0.001*
adjusted R-squared value 0.67 0.67 0.71

Outcome variable: SMM
Thickness (FRC) [mm] ? 0.39 | [-0.33,1.11] 0.285
Thickening fraction [%] b 0.00 |[-0.01,0.01] |0.848
Diaphragm excursion [mm] ¢ 0.05 [0.02, 0.08] 0.003*
Age ~0.01 | [-0.07,0.06] |0.824 |-0.01 |[-0.07,006] |0.867 |-0.01|[-0.08 005 |0.735
Sex [reference: male] -2.29 | [-3.56,—-1.02] | 0.001* | -2.28 | [-3.55,—1.01] | 0.001* | -2.20 | [-3.44,-0.95] | 0.001*
Height [cm] 0.33 [0.25, 0.40] <0.001* | 0.34 | [0.26,0.41] <0.001* | 0.30 [0.22,0.38] <0.001*
adjusted R-squared value 0.75 0.75 0.76

Outcome variable: SMI
Thickness (FRC) [mm] ? 0.12 | [-0.10,0.33] 0.288
Thickening fraction [%] b 0.00 [0.00, 0.00] 0.505
Diaphragm excursion [mm] ¢ 0.01 | [0.01,0.02] 0.002*
Age 0.00 | [-0.02,0.02] 0.756 0.00 [-0.02, 0.02] 0.723 0.00 | [-0.01,0.02] 0.614
Sex [reference: male] -0.73 | [-1.11,-0.34] | <0.001* | -0.72 | [-1.10,-0.34] | <0.001* | -0.65 | [-1.02,-0.28] | 0.001*
Height [cm] 0.04 |[0.02,0.07] <0.001* | 0.05 |[0.03,007] |<0.001* |0.04 |[0.02,007] |<0.001*
adjusted R-squared value 0.53 0.54 0.58

Table 5. Results of multiple regression analyses between right diaphragm parameters and muscle parameters.
CI, confidence interval; coef, coefficient; ASM, appendicular skeletal muscle mass; TMM, trunk muscle mass;
SMM, skeletal muscle mass; SMI, skeletal muscle index; FRC, functional residual capacity. *n =110, b, =108,
n=103. *p<0.05.

To date, a few small studies have evaluated the relationship between diaphragmatic function and sarcopenia
or skeletal muscle mass in older adults'®. They report that (i) Tdi is thinner in sarcopenic patients than in
non-sarcopenic patients (30 sarcopenic patients); (ii) a decrease of DE during deep breathing is related to
loss of muscle mass (12 patients who have muscle mass loss); and (iii) ASM/BMI is related to Tdi (45 healthy
individuals)?*-22. All of these studies were limited by a small sample size and the measurement of only Tdi or

Scientific Reports|  (2025) 15:23762 | https://doi.org/10.1038/s41598-025-08997-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

DE. Therefore, more extensive and comprehensive research was required. Compared with previous studies, this
study evaluated the relationship between all diaphragm ultrasound parameters (Tdi, TF, DE) and muscle mass
measurements in Asian adults with a sample size that was more than twice as large. It demonstrated that DE
during deep breathing was significantly associated with both local muscle mass and overall skeletal muscle mass.
Specifically, we showed that for each 10 mm increase in DE, muscle mass increased by approximately 0.5 kg
(ASM, 0.4 kg; TMM, 0.5 kg; and SMM, 0.5 kg) and SMI increased by 0.1 kg/mz.

In this study, among the diaphragm ultrasound parameters, only DE was significantly associated with
muscle mass. Some previous reports show that the thickness and cross-sectional area of the rectus femoris
and gastrocnemius muscles in older individuals, as measured by ultrasound, correlate with total muscle
mass as assessed by BIA and dual-energy x-ray absorptiometry?»*%. However, other studies have found that,
compared with younger individuals, the rectus femoris and rectus abdominis are thinner in older adults, while
the diaphragm is thicker?*?%. Our findings are consistent with previous studies that suggest the thickness of
the diaphragm may not accurately reflect overall skeletal muscle mass in older adults. In this study, we did
not directly evaluate diaphragmatic fat infiltration or morphological changes. However, previous studies have
reported that echogenicity of the diaphragm and fat infiltration in limb skeletal muscles increases with aging,
and diaphragm muscle fibers show hypertrophy in early aging mice?>-%’. The hypothesis based on these findings
that diaphragmatic hypertrophy and fat infiltration occur with aging could potentially explain why Tdi and TF
were not significantly associated with muscle mass in this study. However, further anatomical and pathological
studies are needed to validate these mechanisms.

Standard screening and muscle strength evaluation items for sarcopenia include handgrip strength, gait speed,
calf circumference, and SMI. Handgrip strength and calf circumference are particularly convenient indicators
because of their reasonable validity, ease of implementation, low cost, and minimal risk!”!8282%, However, there
are situations where both handgrip strength and calf circumference may not accurately reflect overall muscle
strength and mass because both are specific to the limbs. For example, in patients with rheumatoid arthritis,
handgrip strength did not differ between sarcopenic and non-sarcopenic groups, while in patients with edema,
calf circumference underestimated the prevalence of sarcopenia by approximately 10%2°°.

Although the diaphragm is a skeletal muscle of the trunk, DE was significantly associated with skeletal
muscle mass in both the limbs and the entire body in this study. This suggests that DE may reflect systemic
muscle loss and could potentially serve as a complementary or alternative indicator for sarcopenia, particularly
in clinical scenarios where limb-based measurements are difficult or inaccurate due to joint disorders, edema,
or impaired ADL. While diaphragm ultrasound requires specific devices and examiner training, it may be a
valuable tool for sarcopenia screening in such populations. Future research should investigate its diagnostic
ability for sarcopenia, as well as its impact on comprehensive long-term outcomes such as cognitive function,
ADL, and overall mortality in older people.

This study has several limitations. First, participants were outpatients recruited from high-level medical
institutions, and most had preexisting conditions, with a much higher prevalence of diabetes (57.9%) than the
general Japanese population aged 20 to 79 years (8.8%)!. However, the average Barthel Index score was high
(98.3), indicating that participants were still relatively functional and likely comparable to community-dwelling
older adults with independent ADL. Nevertheless, the sample may not fully represent the broader population,
introducing possible selection bias. Second, since this study is an observational cross-sectional study, it is not
possible to infer a causal relationship between diaphragm ultrasound parameters and skeletal muscle mass.
Furthermore, although ultrasound was used to evaluate the diaphragm, not all participants were examined
using the same device, and no external validation using gold standard methods such as DXA was performed,
which may limit the generalizability of the results of this study. Third, while all examiners underwent the same
training and were certified, we did not assess inter- or intra-rater reliability in this study. Previous research has
shown generally good reliability for Tdi and DE, but measurement variability cannot be entirely ruled out’>%.
Fourth, technical challenges in visualization during deep breathing led to the inability to measure TF in two
cases (1.8%) and DE in seven cases (6.1%), primarily due to lung overlap with the diaphragm. This may affect
the generalizability of DE-related findings. Finally, potential confounding factors such as nutritional status or
inflammatory conditions were not measured and may have influenced the observed associations.

In conclusion, we examined the relationship of appendicular skeletal muscle mass, trunk muscle mass, and
overall skeletal muscle mass, with diaphragm function in older people. Diaphragm excursion during deep
breathing (DE) was significantly associated with muscle mass, while diaphragm thickness (Tdi) and thickening
fraction (TF) were not associated with muscle mass.

Data availability
The datasets generated during and analysed during the current study are available from the corresponding au-
thor on reasonable request.
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