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MAIN POINTS

• There is a positive correlation be-
tween anthropometric z-scores and
diaphragm thickness.

• Diaphragm thickness increases in
children with hepatosteatosis.

• Diaphragm thickness increases in
obese children.
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ABSTRACT

Aim: The most common liver disease in children is metabolic dysfunction-associated steatotic
liver disease. We expect increased diaphragm thickness in pediatric patients with hepatosteato-
sis. We aimed to compare diaphragm thickness in children with hepatosteatosis with that in the
control group and to discuss the results in light of the current literature.

Materials and Methods: The study included 56 patients with metabolic dysfunction-associated
steatotic liver disease and 78 healthy controls. The diaphragm measurement of the patient and
control groups was performed from the anterior caudal part of the diaphragm at the end of
expiration from the right and left sides.

Results: Diaphragm thickness, BMI, weight, and height Z scores were significantly greater in
the group with fatty liver. We found a significant positive correlation between the stages of fatty
liver and anthropometric measurement Z score values with diaphragm thickness.

Conclusion: The current study found that diaphragm thickness was thicker in pediatric patients
with hepatosteatosis than that in healthy individuals and was positively correlated with anthro-
pometric measurements. However, further studies are needed to evaluate diaphragmatic mus-
cle function.
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INTRODUCTION

The most common liver disease in children is metabolic

dysfunction-associated steatotic liver disease (MASLD). It oc-

curs in patients with visceral fat, dyslipidemia, and insulin

resistance. The natural history of MASLD in children has

not been fully defined [1-4]. It is suggested that versican,

hsCRP and IL-6 levels are higher in children with obesity

than in their healthy peers and that fatty liver disease is more

common as a result [5]. Han and colleagues [6] studied the

molecules versican released from adipose tissue and biglycan

released from macrophages. In their study on mice, the au-

thors showed that targeted deletion of adipose tissue-derived

versican resulted in decreased chemotaxis and consequently

decreased hepatic inflammation. They showed that deletion

of macrophage-derived biglycan decreased macrophage ac-

cumulation and chemokine/cytokine release. Inflammatory

processes occurring in adipose tissue cause the early develop-

ment of insulin resistance, dyslipidemia, and hepatosteatosis

in obesity [5].

Respiratory function and capacity are affected by obesity, but

its pathophysiology cannot be clearly explained. The decrease

in the thickness of the diaphragm, which is the main respira-

tory muscle that performs respiratory function, deteriorates

respiratory function [7,8]. It has been shown that children

with obese hepatosteatosis have higher intima-media thick-

ness and are more prone to atherosclerosis compared with

obese children without hepatosteatosis and healthy controls,

and that the thickness of epicardial fat tissue increases fur-

ther in obese patients withmetabolic syndrome [9,10]. Given

the increased frequency of hepatosteatosis in obese individu-

als [11], we expect increased diaphragm thickness in pediatric

patients with hepatosteatosis. In order to realize this theory,

whichwe found to be lacking in the literature, we aimed to ex-

amine the difference in diaphragm thickness in the pediatric
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patient groupwithhepatosteatosis comparedwith the healthy

control group and to discuss the results in light of the current

literature.

MATERIALS ANDMETHODS

Study group: Patients with steatotic liver detected by ultra-

sound (US) and at least one risk factor for cardiometabolic

dysfunction, such as overweight/obesity/visceral adiposity,

dysglycemia, hypertension, or dyslipidemia, were diagnosed

with steatotic liver disease associated withmetabolic dysfunc-

tion [1]. These patients constituted the patient group of our

study.

Control group: The study was conducted with healthy chil-

dren of the same age group without any chronic diseases.

Patientswithmalnutrition, chronic liver disease, chronic lung

disease, congenital heart failure, chest deformity, and myopa-

thy were excluded from the study.

The study was approved by the University Hospital Non-

Vascular Clinical Research Ethics Committee. (Approval

date: 19.04.2021, Session No: 2021/15, Decision No: 05).

Our study complied with the principles of the Declaration of

Helsinki. A consent form was obtained from the patients be-

fore the study began.

Selection of patient group

All patients included in this group had fatty liver disease asso-

ciatedwithmetabolic dysfunction. Therewas no accompany-

ing chronic liver disease. Patients were selected consecutively

from those who visited the pediatric gastroenterology clinic

and were diagnosed withMASLD.

Metabolic dysfunction

MASLD was diagnosed in the presence of one of the follow-

ing criteria [12-15].

• Overweight or Obesity [16],

- Those with a body mass index between the 85th and

95th percentiles were considered overweight.

- Those with a body mass index ≥95th percentile were

considered obese.

• Type 2 diabetes mellitus

• ≥2 metabolic disorders (increase in waist circumfer-

ence according to age and gender, high arterial blood

pressure, high triglyceride, low high-density lipoprotein

level, presence of prediabetic findings (fasting glucose

100-125 mg/dL, postprandial glucose 140-199 mg/dL

or HbA1c 5.7-6.4%), high insulin resistance homeosta-

sis model assessment [HOMA-IR] score and increased

plasma high-sensitivity C-reactive protein [hs-CRP])

levels.

Radiological evaluation

The ultrasound assessment of the cases was randomly per-

formed by a radiologist with 12 years of experience in ultra-

sound. An E9-LOGIQXDclear 2.0 device (USA 2017) and a

linear low-frequency sensor (Matrix clear/6-15MHz xd)were

used forultrasound evaluation. Thediaphragmwasmeasured

bilaterally at the end of expiration and from the anterior cau-

dal part of thediaphragm. Anage-appropriate convex abdom-

inal probe was used. The distance between the peritoneal and

parietal lines in the longitudinal plane was calculated in mm

(Figure 1) [17,18].

Figure 1. Diaphragm on longitudinal-plane ultrasonography. (D: di-

aphragm, L: liver, R: rib).

Power analysis

We could not find any study in the literature that com-

pared the diaphragm thickness of pediatric patients with

hepatosteatosis and metabolic syndrome–related liver disease

with the healthy group. Therefore, assuming an effect size of

0.5, alpha: 0.12, power: 0.85, critical t-value: 1.53, 53 cases

were detected in each group.

Statistical analysis

Statistical analyzes were performed using the Statistical Pack-

age for the Social Sciences (SPSS version 22.0 software

(Chicago/USA). The normality of data distribution was

tested using visual (histogram and probability charts) and

analytical methods (Kolmogorov-Smirnov and Shapiro-Wilk

tests). Descriptive analyzes were presented as percentile,

mean, and standard deviation. Normally distributed numeri-

cal data were compared using the independent samples t-test,

and non-normally distributed numerical data were compared

using theMann-WhitneyU test. The chi-square test was used

to compare the frequency rates of categorical variables.

A one-wayANOVA testwas used to determine the arithmetic

mean of the dependent variable between more than two in-

dependent groups. Posthoc analysis and the Scheffe test were

used todetermine thedifferences betweengroupswith respect
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to this independent variable. Correlation analysis was per-

formed to determine whether there was a linear relationship

between two numerical variables and, if so, the direction and

intensity of this relationship. If these numerical data showed a

normal distribution, Pearson’s correlationwas preferred; oth-

erwise, Spearman’s rank correlation was preferred. The p-

value accepted as statistically significant was <0.05.

A one-way ANOVA test was used to evaluate the arithmetic

means of diaphragm thickness according to the degree of hep-

atosteatosis and the differences between the groups.

The independent Student’s t-test was used to compare di-

aphragm thickness between groups. A Pearson correlation

test was performed to determine the relationship between di-

aphragm thickness and anthropometric measurements.

RESULTS

Of the subjects included in the study, 78 were healthy con-

trols and56were pediatric patientswithMASLD.All patients

with MASLD had hepatosteatosis. Seven patients (12.5%)

were overweight and 29 patients (52%)were obese. 17 of these

36 patients (47.2%) had at least one accompanying metabolic

dysfunction. Twenty patients (35.7%)were not overweight or

obese and had two or more metabolic risk abnormalities. Of

these, 12 patients had hypertriglyceridemia, 10 patients had

hypertension, 8 patients had lowHDL, 6 patients had insulin

resistance, and 6 had prediabetes.

Of the cases included in the study, 56 had MASLD and 78

were healthy. The mean age of the cases was 10.17±4.79 (0.1-

17) years. 72 (53.7%) of the patients were male. The groups

were not statistically different by age and sex (p: 376, p: 122).

When bilateral diaphragmatic thickness was evaluated in re-

lation to age and gender, there was no significant difference

(p<0.05) (Table 1). Bilateral diaphragm thickness was signifi-

cantly greater in the hepatosteatosis group. At the same time,

height-weight measurement z scores were found to be signifi-

cantly higher in the hepatosteatosis group (Table 1).

When the diaphragm thicknesses of the obese and non-obese

hepatosteatosis patient groups were evaluated, the right and

left diaphragms were found to be significantly thicker in the

obese group (p: 0.043, p: 0.048, respectively)

When the diaphragm thickness and anthropometricmeasure-

ment Z scores of the patients were compared with the healthy

control group according to the stage of hepatosteatosis, the

anthropometric measurement Z scores and diaphragm thick-

ness were found to be significantly higher in the patient group

with hepatosteatosis compared with the healthy cases in all

stages (Table 2).

When the relationship between diaphragm thickness and an-

thropometric measurement scores of the patients was evalu-

ated, moderate positive correlations were noted between di-

aphragm thickness and weight and body mass index z-scores.

We found a weak positive correlation between height z-scores

and diaphragm thickness. We found that bilateral diaphragm

thickness increased with increasing degree of hepatosteatosis

(moderately positive correlation) (Table 3).

DISCUSSION

The diaphragm is an important respiratory muscle that plays

an active role during inspiration and expiration. Ultrasonog-

raphy is a safe examinationmethod that can evaluate the func-

tion and structure of the diaphragm when performed by a

competent practitioner. It provides for interpretation de-

pending on the experience of the operator [19]. Low cost,

bedside applicability, ease of application, and the ability to

obtain dynamic and high-resolution images are the main ad-

vantages of US [18,20,21]. Diagnosis and monitoring of di-

aphragmmuscle problems in intensive carepatientswithmus-

cle disease are performed using routine ultrasound scanning

[22]. In the intensive care unit, the use of mechanical venti-

lation results in diaphragmatic deformation [23]. Diaphragm

ultrasound has been used as a predictive tool to identify the

likelihood of extubation failure while weaning from mecha-

nical ventilation [24]. It may also be useful for assessing

diaphragm function in patients with neuromuscular disease

and for demonstrating diaphragm thinning in patients under-

going mechanical ventilation [19,25].

We could not find a study in the literature evaluating the

diaphragm thickness of pediatric cases with hepatosteatosis.

However, there are studies reporting on the relationship be-

tween the diaphragmmuscle, which is both a skeletal and res-

piratory muscle, and nutritional status . It has been docu-

mented that the diaphragm thickness of malnourished chil-

dren is lower than that of their healthy counterparts, exhibit-

ing a positive correlation with z scores derived from weight-

height measurements [8]. In addition, epicardial adipose tis-

sue thickness has been shown to increase in obese children

compared to healthy group [26]. Our study showed that

weight-height z-scores and diaphragm thickness were higher

in the group of patients with hepatosteatosis than that in the

healthy cases. In addition, a significant positive correlation

was found between diaphragm thickness and anthropometric

z-scores, which is consistent with the literature.

It has been emphasized that the increase in weight and blood

pressure in adults may cause changes in epicardial fat tissue

in conjunction with anthropometric markers. In a study

of Spanish children, a relationship was found between body

mass index, anthropometric parameters, and epicardial fat

tissue. These measurements were associated with increased

epicardial fat tissue thickness, which does not indicate early

pathology but carries a risk of developing cardiovascular dis-

ease [26,27]. The endocardial adipose tissue of overweight

children has been found to show significant positive corre-

lations with BMI and anthropometric measurements, simi-

lar to those determined in adults [28-30]. In this study, un-

like the literature, diaphragm thickness was evaluated. In

patients with hepatosteatosis, weight-height measurement z-

scores were significantly higher than those of the healthy con-
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Table 1. Evaluation of differences in diaphragm thickness between groups.

Female (68) Male (66) p

Right diaphragm thickness 1.60±0.40 1.55±0.42 0.484

Left diaphragm thickness 1.56±0.39 1.52±0.42 0.584

Healthy control (78) MASH (56) p

Age 9.96±5.11 10.49±4.28 0.521

Weight Z score -0.22±1.13 1.83±1.58 <0.001

Height Z score -0.019±1.02 0.813±2.08 0.003

BMI Z score -0.26±1.07 1.69±1.26 <0.001

Right diaphragm thickness 1.37±0.28 1.87±0.38 <0.001

Left diaphragm thickness 1.33±0.27 1.84±0.36 <0.001

Statistics: Independent Student’s t-test. Abbreviations; MASH: Steatotic liver disease associated with metabolic dysfunction, BMI: Body mass index.

Table 2. Evaluation of diaphragm thickness according to hepatosteatosis degree.

Healthy control

(78)

Hepatosteatosis

(56)

Grade 1 Grade 2 Grade 3 p

(29) (21) (6)

Right diaphragm thickness 1.367±0.284a 1.837±0.407b 1.876±0.360b 2.033±0.377b <0.001

Left diaphragm thickness 1.334±0.272a 1.817±0.414b 1.846±0.331b 1.950±0.320b <0.001

Weight Z-score -0.220±1.133a 1.638±1.548b 2.095±1.689b 1.906±1.501b <0.001

Height Z-score -0.194±1.020a 0.620±1.226b 1.085±3.060b 0.796±1.121b 0.018

BMI Z score -0.261±1.073a 1.520±1.372b 1.892±1.076b 1.802±1.432b <0.001

Statistics: One-way ANOVA Post Hoc, Scheffe Tests, The difference between the mean values of a and barn is statistically significant (p<0.05).

Table 3. Evaluation of the correlation between weight and height Z scores and diaphragm thickness.

Weight Z-score Height Z-score BMI Z-score Hepatosteatosis Grade

(134) (134) (134) (56)

Right diaphragm thickness
r 0.510 0.176 0.515 0.569

p <0.001 0.042 <0.001 <0.001

Left diaphragm thickness
r 0.539 0.220 0.554 0.572

p <0.001 0.011 <0.001 <0.001

Statistics: Pearson’s correlation. Abbreviation; BMI: Body mass index.

trol group. In the hepatosteatosis group, 29 (52%) pediatric

patientswere obese. The results of the study showed apositive

correlation between weight-height measurement z-scores and

diaphragm thickness, which is consistent with the literature.

We attributed the reason for the thickening of the diaphragm

muscle in the MASLD group to the fact that the patients in

this group were larger than the healthy group and that the di-

aphragmmusclewasmore hypertrophied due to the increased

workload stemmed from this excess weight.

Diaphragm ultrasonography provides qualitative informa-

tion about the shape, movement, and changes in muscle size.

The nature of this information is dependent on the practi-

tioner’s training. It also cannot provide quantitative informa-

tion about diaphragmmuscle function.

Limitations

These are the limitations of our study. In addition, this study

is the only one to report diaphragm thickness in children pa-

tients with hepatosteatosis, making the study valuable.

CONCLUSION

In conclusion, this study showed that diaphragm thickness

was thicker in pediatric patients with hepatosteatosis than in

healthy individuals andwas positively correlated with anthro-

pometric measurements. This suggests that the diaphragm

muscle is a useful tool for nutritional assessment. However,

comprehensive studies are needed to evaluate the function of

the diaphragmmuscle.

Ethics Committee Approval: Kahramanmaraş Sütçü İmam
University Non-Interventional Clinical Research Ethics
Committee (Approval date: 19.04.2021, Session No:
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Informed Consent: Our study complied with the principles of
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from the patients before the study began.
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