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Abstract
Skeletal muscle atrophy is known to be a marker for nutritional deficiency. The diaphragm is both a skeletal muscle and a 
respiratory muscle. There is not enough data in the literature about the change in diaphragm thickness (DT) in children with 
malnutrition. We think that malnutrition may have negative effects on diaphragm thickness. Therefore, in this study, we aimed 
to compare the diaphragm thicknesses of pediatric patients with primary malnutrition and a healthy control group. The DT 
of pediatric patients diagnosed with primary malnutrition by a pediatric gastroenterologist was prospectively evaluated by 
a radiology specialist by ultrasonography (USG). The obtained data were statistically compared with the data of the healthy 
control group. There was no statistically significant difference between the groups in terms of age and gender (p = 0.244, 
p = 0.494). We found that right and left diaphragm thicknesses were significantly thinner in the malnourished group than 
in the healthy control group (p = 0.001, p = 0.009, respectively). We found that right and left diaphragm thicknesses were 
thinner in those with moderate and severe malnutrition compared to the normal group (p < 0.001, p = 0.003, respectively). 
We found a significant weak positive correlation between weight and height Z score and right and left diaphragm thickness 
(respectively, r: 0.297, p < 0.001; r: 0.301, p < 0.001).
   Conclusion: Malnutrition is a disease that affects all systems. Our study shows that the DT is thinner in patients with 
malnutrition.

What is Known:
•	Malnutrition causes skeletal muscle atrophy.
What is New:
•	Diaphragm muscle thickness decreases in malnutrition.
•	There is a significant positive correlation between diaphragm muscle thickness and height, weight and BMI z scores.

Keywords  Skeletal muscle atrophy · Malnutrition · Diaphragm thickness

Introduction

Malnutrition is a systemic disease that occurs as a result of 
insufficient intake or absorption of macro- or micronutrients 
necessary for the body to perform organ functions. Malnutri-
tion can cause skeletal muscle atrophy. Skeletal muscle atro-
phy is an important marker that affects the length of stay in 
hospital, intensive care unit, and mechanical ventilation [1].

The diaphragm is also a skeletal muscle closely related to 
respiratory function. More than half of the tidal volume in 
breathing is generated by diaphragmatic muscle contractions. 
In the presence of severe disease, their contraction is reduced 
[2, 3]. Therefore, diaphragmatic atrophy has a significant impact 
on the prognosis of patients with lower respiratory tract infec-
tions [4]. Dynamic monitoring of skeletal muscle (diaphragm) 
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in malnutrition allows real-time assessment of nutritional sta-
tus and can guide nutritional therapy [5]. We think that atrophy 
may develop in the diaphragm muscle in malnutrition. For this 
purpose, we aimed to measure the diaphragm thickness (DT) of 
malnourished patients with ultrasonography (USG), which is an 
inexpensive and non-invasive method that allows easy measure-
ment of DT and can dynamically evaluate diaphragm function 
[6–8] and movement, and compare it with healthy control group.

Materials and methods

Between 2021 and 2022, patients aged 1 month to 18 years 
who were diagnosed with primary malnutrition in the Pedi-
atric Gastroenterology outpatient clinic of Kahramanmaraş 
Sütçü İmam University Hospital were evaluated by a radi-
ology specialist in terms of diaphragm thickness. The data 
obtained were statistically compared with the data of the 
healthy control group from the same age group.

Ethics committee approval was obtained for this study 
from the local tertiary university hospital Faculty of Medi-
cine Local Ethics Committee (decision no: 2021/14: 04). 
The study was conducted in accordance with the princi-
ples of the Declaration of Helsinki. Informed consent was 
obtained from the patients’ parents before the study.

Study group

Primary malnutrition

Primary malnutrition occurs as a result of insufficient and 
unbalanced intake of nutrients necessary for growth and 
development due to environmental and economic reasons. 
Secondary malnutrition is due to an underlying disease [9].

Evaluation of nutritional status

Measurements in patients included in the study are the 
following:

Height was measured to the nearest millimeter using a 
calibrated vertical portable stadium meter without socks 
and shoes.
Weight was measured using a digital electronic scale 
adjusted to the nearest decimal fraction of a kilogram 
while wearing light clothing.

Weight, height, and body mass index (BMI) Z score were 
calculated according to age and gender using World Health 
Organization (WHO) data. Patients with a Z score below − 1 
in any of the body weight, height, and BMI parameters were 
considered malnourished.

The severity of malnutrition was classified as follows 
[10–13]:

Normal: weight-for-age Z score > − 1 SDS
Mild underweight: weight-for-age Z score − 2 ≤ to ≤ − 1
Moderate underweight: weight-for-age Z score − 3 ≤ to < − 2
Severe underweight: weight-for-age Z score < − 3
Normal: height-for-age Z score > − 1 SDS
Mild stunting: height-for-age Z score − 2 ≤ to ≤ − 1
Moderate stunting: height-for-age Z score − 3 ≤ to < − 2
Severe stunting: height-for-age Z score < − 3
Normal: BMI-for-age Z score > − 1 SDS
Mild wasting: BMI-for-age Z score −2 ≤ to ≤ − 1
Moderate wasting: BMI-for-age Z score − 3 ≤ to < − 2
Severe wasting: BMI-for-age Z score < − 3.

The following criteria were used for the diagnosis of obe-
sity [14]:

Obesity: up to 5 years: BMI Z score ≥ (+ 3)
 > 5 years old; those with a BMI Z score (+ 2) were diag-
nosed with obesity.
Patients with obesity criteria were not included in the study.

Healthy control group

Patients in the same age group without malnutrition (with a 
weight Z score < 2 and > − 1) or without known systemic chronic 
disease were included. Obese patients were not included.

Exclusion criteria

Patients with secondary malnutrition, obesity, diabetes, con-
genital heart disease, heart failure, kidney failure, chronic liver 
disease, asthma, cystic fibrosis, or chest deformity (pectus 
excavatum, pectus carinatum) were excluded from the study.

Ultrasound evaluation

Ultrasonographic evaluations were performed by a single radi-
ologist with 10 years of experience in thoracic ultrasonography. 
A LOGIQ E9 XDclear 2.0 ultrasound machine (GE Healthcare, 
2017, USA) and linear transducer (6–15 MHz xd, Matrix clear) 
were used for this. The auditor was blinded to the study groups. 
The probe was placed over the anterior axillary line and the 
chest wall. When the probe was moved caudally, the diaphragm 
was seen as a hypoechoic structure between the two hyper-
echoic lines. Measurements were taken from the most caudal 
part of the diaphragm. The diaphragm muscle between the 
upper pleural line and the lower peritoneal line was measured. 
Pleural and peritoneal lines were not included in the measure-
ment (Fig. 1). The thickness of the diaphragm was measured 
with electronic calipers. Measurements were taken in the supine 
position, at the end of expiration, from the right and left sides. 
These measurements were made in millimeters (mm). This 
technique is reliable and easy to apply [15–17].
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Statistical analysis

Statistical analyses were performed using SPSS version 20.0 
software. The normality of the distribution of the data was 
tested using visual (histogram and probability charts) and ana-
lytical methods (Kolmogorov–Smirnov and Shapiro–Wilk 
tests). Descriptive analyses were presented as percentile, mean, 
and standard deviation. Normally distributed numerical data 
were compared using the independent samples t test and non-
normally distributed numerical data were compared using the 
Mann–Whitney U test. The chi-square test was used to com-
pare the frequency rates of categorical variables. The one-
way ANOVA test was used to detect the differences between 
the means of more than two independent groups and to show 
between which groups this difference is and to emphasize its 
importance. ROC curve analysis was performed to determine 
the best cut-off points for diaphragm thickness measurements to 
detect underfeeding. Logistic regression analysis was performed 
to evaluate whether the diaphragm thickness cut-off point deter-
mined by ROC curve analysis poses a risk for malnutrition. Cor-
relation analysis was performed to determine whether there is a 
linear relationship between two numerical variables and, if so, 
the direction and severity of this relationship. If these numerical 
data were normally distributed, Pearson correlation was pre-
ferred; otherwise, Spearman rank correlation was preferred. A 
P value of < 0.05 was considered statistically significant.

Results

The mean age of the patients was 8.03 ± 5.63 (0.25–17.9) 
years. A total of 125 patients with primary malnutrition and 55 
healthy control subjects were included in the study. There were 
75 (60%) girls in the malnutrition patient group and 30 (54.5%) 
girls in the healthy control group. The mean age was found as 
8.767 ± 4.644 years in the patients in the malnutrition group 
and 7.703 ± 6.004 years in the healthy control group. There 
was no statistically significant difference between the groups 
in terms of age and gender (p = 0.244, p = 0.494) (Table 1).

We found that the right and left DT were significantly lower 
in the malnutrition group compared to those in the healthy 
control group (p < 0.001, p = 0.003 respectively) (Table 1).

There was no significant difference in terms of right and 
left diaphragm thicknesses according to gender (p = 0.699, 
p = 0.263; respectively) (Table 2).

When the right and left diaphragm thicknesses were 
evaluated according to the weight Z scores of the patients, 
we found that right and left diaphragm thicknesses were 
significantly thinner in moderately and severely malnutri-
tion patients than in normal-weight patients (p = < 0.001, 
p = 0.009, respectively) (Table 3).

When the DT was evaluated according to the height Z 
score of the patients, we found the right DT to be signifi-
cantly thinner in patients with severe stunting than those 
with normal height and mild stunting (p = 0.007). In addi-
tion, we found the left DT to be thinner in those with mod-
erate stunting than in those with normal and mild stunting 
(p = 0.014) (Table 3).

The degree of malnutrition was determined according to 
the BMI Z score of the patients and the diaphragm thicknesses 
were compared. According to this, right diaphragm thicknesses 

Fig. 1   Measurements excluding pleural and peritoneal lines

Table 1   Evaluation of 
differences in diaphragm 
thickness between groups

Statistics: *crosstab chi-square test; **independent Student t test

Healthy control (N = 55) Malnutrition (N = 125) P

Gender (N, %) Female 30–54.5% 75–60% 0.494*
Male 25–45.5% 50–40%

Age (years) 8.767 ± 4.644 7.703 ± 6.004 0.244**
Right diaphragm thickness (mm) 1.537 ± 0.325 1.328 ± 0.278  < 0.001**
Left diaphragm thickness (mm) 1.423 ± 0.319 1.287 ± 0.263 0.003**

Table 2   Evaluation of diaphragm thicknesses of patients according 
to gender

Statistics: Independent Student t test

Gender Female (105) Male (75) P

Right diaphragm 
thickness (mm)

1.393 ± 0.300 1.375 ± 0.315 0.699

Left diaphragm 
thickness (mm)

1.349 ± 0.287 1.300 ± 0.287 0.263
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of patients with moderate and severe malnutrition were found 
to be significantly lower than of the healthy control group 
(p = 0.016). Although the left DT was thinner in patients with 
moderate and severe malnutrition, there was no statistically 
significant difference between the groups (p = 0.114) (Table 3).

There was a significant positive correlation between 
right and left DT and weight and height Z scores (weight 
r: 0.297, p = < 0.001; r: 0.258, p = < 0.001 and height r: 
0.301, p = < 0.001; r: 0.291, p = < 0.001, respectively).

But regarding their correlation with BMI Z scores, there 
was a weak significant correlation between the right DT 
and BMI Z scores, while no statistically significant cor-
relation between the left DT and BMI Z scores (r: 0.159, 
p = 0.034; r: 0.138, p = 0.066, respectively) (Table 4).

There was a significant positive correlation between 
age and the right and left DT (r: 0.426, p < 0.001; r: 
0.337, p < 0.001, respectively) (Table 5). But according 

to different age groups, the DT was significantly thinner in 
the malnutrition group than in the control group in infants 
and those above 8 years only (Table 6).

We performed ROC curve analysis to determine the best 
cut-off point for diaphragm thickness to determine malnu-
trition for 0–1 years, 1–4 years, 4–8 years, and > 8 years. 
We determined that it would detect malnutrition with 70% 
sensitivity, 66.4% specificity, and p = 0.030 significance in 
patients with right diaphragm thickness ≤ 1.45 mm only in 
the > 8 age group. We could not find a statistically significant 
cut-off point in other age groups (Table 7). We performed a 
risk analysis with logistic regression analysis according to 
this cut-off point determined in patients > 8 years old. We 
showed that the risk of malnutrition increased 2.86 times 
in patients aged > 8 years with a right diaphragm thickness 
of ≤ 1.45 mm (p = 0.002) (Table 8).

Table 3   Evaluation of diaphragm thickness according to the degree of malnutrition

Statistics: One-way ANOVA post hoc tests, Scheffe. The difference between the mean values of a and b is statistically significant (p = < 0.05)

Weight-for-age Z score

Normal (N = 55), 
mean ± SD

Mild underweight (N = 24), 
mean ± SD

Moderate underweight 
(N = 78), mean ± SD

Severe underweight 
(N = 23), mean ± SD

P

Right diaphragm 
thickness (mm)

1.517 ± 0.328a 1.407 ± 0.404 1.308 ± 0.244b 1.314 ± 0.216b  < 0.001

Left diaphragm 
thickness (mm)

1.421 ± 0.319a 1.378 ± 0.428a 1.275 ± 0.213b 1.238 ± 0.168b 0.009

Height Z score for age

Normal (N = 89) Mild stunting (N = 40) Moderate stunting (N = 32) Severe stunting (N = 19) P

Right diaphragm 
thickness (mm)

1.463 ± 0.309a 1.342 ± 0.323a 1.291 ± 0.275 1.280 ± 0.209b 0.007

Left diaphragm 
thickness (mm)

1.391 ± 0.312a 1.318 ± 0.292a 1.221 ± 0.187b 1.241 ± 0.187 0.014

BMI-for-age Z score

Normal (N = 60), 
mean ± SD

Mild wasting (N = 45), 
mean ± SD

Moderate wasting (N = 46), 
mean ± SD

Severe wasting (N = 29), 
mean ± SD

P

Right diaphragm 
thickness (mm)

1.477 ± 0.357a 1.412 ± 0.247b 1.290 ± 0.247 1.346 ± 0.259 0.016

Left diaphragm 
thickness (mm)

1.383 ± 0.332 1.353 ± 0.312 1.254 ± 0.221 1.290 ± 0.230 0.114

Table 4   Evaluation of the correlation between weight and height Z 
scores and diaphragm thicknesses

Statistics: Pearson correlation

Weight Z 
score (180)

Height Z 
score (180)

BMI Z score 
(180)

Right diaphragm 
thickness (mm)

r 0.297 0.301 0.159
P  < 0.001  < 0.001 0.034

Left diaphragm 
thickness (mm)

r 0.258 0.291 0.138
P  < 0.001  < 0.001 0.066

Table 5   Evaluation of the relationship between age and diaphragm 
thickness in patients with malnutrition

Statistics: Pearson correlation

Age (years)

Right diaphragm 
thickness (mm)

r 0.426
P < 0.001

Left diaphragm 
thickness (mm)

r 0.337
P < 0.001
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Discussion

There were various studies in the literature investigating 
the relationship between diaphragm thickness and some 
systemic diseases. For example, Şahin et al. reported that 
diaphragm thickness in multiple sclerosis patients was simi-
lar to the healthy group [15]. On the other hand, studies 
were reporting a higher diaphragm thickness due to possible 
pseudohypertrophy in myopathies and a positive correlation 
between lung functions and diaphragm thickness and exten-
sion [15, 16, 18–21].

Traditional nutritional monitoring parameters such as 
prealbumin, albumin, transferrin, mid-arm circumference, 
and skinfold thickness are sensitive to inflammation and 
edema and may give false results. They have low predictive 
value for the assessment of nutritional status in severely ill 
patients [22]. CT is considered the gold standard for the 
assessment of skeletal muscle amount, and the applicability 
of the psoas muscle index in the assessment of nutritional 
status has been demonstrated [23, 24]. The diaphragm is 
both respiratory and skeletal muscle. It may be more useful 
than other skeletal muscles in evaluating nutritional status 

and determining prognosis in critically ill patients. Ultra-
sonography seems to be more advantageous in the diagno-
sis of skeletal muscle atrophy due to the radiation risk and 
cost of CT. Ultrasonography is a valid and reliable imaging 
method in the evaluation of DT and gives an idea about the 
diaphragm morphology. Compared to other imaging meth-
ods, USG has many advantages such as ease of application, 
low cost, dynamic imaging, bedside evaluation, high reso-
lution, non-invasive, and no ionizing radiation [16, 25–27]. 
USG also allows us to observe sudden changes in diaphragm 
thickness and to evaluate extubation time in mechanically 
ventilated patients [28].

There is no consensus in the literature about which 
moments of the respiratory cycle are better for diaphragm 
thickness measurement by ultrasonography [17, 29]. It has 
been reported in the literature that diaphragm thickness 
may differ in supine position, sitting position, inspiration, 
and expiration [16]. Therefore, in our study, we preferred 
to measure in the supine position and at the end of expira-
tion in all cases so that we could evaluate our measurements 
objectively. We could find a limited number of articles in the 
literature related to nutritional status and diaphragm thick-
ness. You et al. [30] reported that the diaphragm thickness 
obtained with CT could reflect the patient’s whole body 
muscle mass and was significantly associated with nutri-
tional status and hospital stay. In addition, it was stated that 
changes in diaphragm thickness occur dynamically during 
the course of the disease in COVID-19 patients and may be 
a dynamic nutritional status assessment tool. In their study, 
they showed that there was a negative correlation between 
nutritional risk and diaphragm thickness in hospitalized 
COVID-19 patients, and the diaphragm thickness decreased 
within 2 weeks due to nutritional deficiency. Unlike You 
et al. [30], we preferred ultrasonography in our study. Our 
study group consisted of pediatric patients differently. In our 
study, we found the diaphragm thickness to be thinner in 

Table 6   Comparison of diaphragm thicknesses according to age bet-
ween groups

Statistics:*independent Student t test, **one-way ANOVA, post hoc 
test, Scheffe

Age (year) Normal Malnutrition P*

Right diaphragm thickness (mm)
   0–1 1.87 ± 0.19 1.03 ± 0.19  < 0.001
   1.1–2 1.43 ± 0.49 1.14 ± 0.16  < 0.001
   2.1–4 1.55 ± 0.29 1.28 ± 0.19 0.040
   4.1–8 1.41 ± 0.25 1.35 ± 0.14 0.397
   > 8 1.60 ± 0.32 1.41 ± 0.26 0.003
   P** 0.073  < 0.001

Left diaphragm thickness (mm)
   0–1 1.47 ± 0.73 1.02 ± 0.19 0.310
   1.1–2 1.40 ± 0.49 1.15 ± 0.18  < 0.001
   2.1–4 1.36 ± 0.40 1.28 ± 0.17 0.584
   4.1–8 1.37 ± 0.25 1.25 ± 0.14 0.085
   > 8 1.51 ± 0.30 1.35 ± 0.22 0.012
   P** 0.703  < 0.001

Table 7   Determination of the best diaphragm thickness cut-off point for malnutrition

Statistics: ROC curve
AUC​ area under the curve

Age group Diaphragm thickness (mm) Best cut-off value 
for malnutrition

AUC​ Sensitivity Specificity Asymptotic 95% 
confidence interval

P

 > 8 years Right diaphragm thickness (mm)  ≤ 1.45 0.643 0.700 0.664 0.517–0.769 0.030
Left diaphragm thickness (mm)  ≤ 1.46 0.596 0.500 0.709 0.466–0.726 0.144

Table 8   Risk analysis for malnutrition by diaphragm thickness

Statistics: Logistic regression analysis

ODD 95% CI for EXP P

Right diaphragm thickness ≤ 1.45 mm 2.86 1.488–5.499 0.002



3352	 European Journal of Pediatrics (2023) 182:3347–3354

1 3

patients with malnutrition than in the healthy control group. 
We found a significant positive correlation between weight, 
height Z scores, and diaphragm thickness. Our findings sup-
port the work of You et al. [30].

Rehan et al. [31] reported that there was a positive rela-
tionship between diaphragm thickness and body size in their 
study in healthy term infants. van Doorn et al. [32] reported 
that there was a weak positive correlation between BMI and 
diaphragm thickness, and that the diaphragm thickness in 
men was thicker than in women of the same age group. In 
our study, we found a significant positive correlation between 
weight, height, and BMI Z scores and right diaphragm thick-
ness. In addition, there was no significant difference between 
the groups in terms of diaphragm thickness according to gen-
der. van Doorn et al. [32] found end-expiratory diaphragm 
thicknesses of 1.4 mm and 1.3 mm, and end-inspiratory dia-
phragm thicknesses of 3.2 mm and 3.3 mm, respectively, in 
children aged 0–9 years and 10–19 years. They also reported 
that the measurements at the end of inspiration and expi-
ration may be different. We also measured the diaphragm 
thicknesses at the end of expiration in our study. The healthy 
group data in our study supports the end-expiratory dia-
phragm measurements of van Doorn et al. [32]. Differently, 
we found that the diaphragm thickness was thinner in the 
malnutrition group than in the healthy control group of the 
same age. In addition, we found that the diaphragm thickness 
became thinner in pediatric patients with primary malnutri-
tion, unlike healthy children. We found a moderate positive 
correlation between diaphragm thickness and age in the mal-
nutrition patient group (Table 5). This is due to skeletal mus-
cle atrophy that develops as a result of nutritional deficiency. 
In addition, the insufficient muscle reserve in young children 
compared to older children may explain the thin diaphragm 
thicknesses in malnutrition patients. These results are an indi-
cation that malnutrition may adversely affect the prognosis, 
especially in infants.

Duyndam et al. [33] reported normal values of dia-
phragmatic thickness and diaphragm thickening frac-
tion using ultrasonography in 137 healthy children aged 
0–8 years. They found that the diaphragm thicknesses of 
babies up to 1 year old were thicker than those of children 
aged 2–8 years. They also reported that the diaphragm 
thickness may decrease as the body surface area increases. 
Our study includes pediatric patients between the ages of 0 
and 18 and consists of a malnourished and healthy control 
group. Consistent with the literature, we found the right 
diaphragm thickness to be significantly thicker between 
0 and 1 years of age in the healthy group than between 
1.1 and 8 years of age (p = 0.041). However, although the 
diaphragm thickness appears physiologically thin between 
1.1 and 8 years of age, it seems to thicken again over the 
age of 8 years (Table 6). This may be due to the gradual 

decrease in rapid growth, hypertrophy secondary to use, 
and anabolic hormones exposed during adolescence.

We determined the most accurate right diaphragm thick-
ness as ≤ 1.45 mm to detect malnutrition in children over 
8 years of age. We showed that the risk of malnutrition 
increased 2.86 times in these children. We could not detect 
a significant cut-off point in the left diaphragm thickness 
(Tables 7 and 8). We think that this difference between the 
right and left diaphragms is due to the easier evaluation 
of the right diaphragm. Because the right diaphragm is 
viewed through the liver window, and the left diaphragm 
is viewed through the spleen window. The right diaphragm 
is easier to evaluate than the left diaphragm because of 
the limited left splenic window and intervention from the 
stomach [34]. For this reason, we recommend using the 
right diaphragm thickness for measurements.

The small sample size and the inability to measure con-
trol diaphragm thicknesses after malnutrition treatment are 
the limitations of our study.

The strengths of our study are that it is a rare prospec-
tive study evaluating diaphragm thickness in pediatric 
patients with primary malnutrition and a healthy group 
and comparing it with anthropometric measurements.

As a result, malnutrition is a disease that affects all sys-
tems. Our study shows that the diaphragm thickness is thin-
ner in malnourished patients compared to that in the healthy 
control group, and the diaphragm becomes thinner as the 
age decreases in malnourished patients. This finding sug-
gests that in conditions such as severe lower respiratory tract 
infection and heavy exercise, critical effort capacity may 
decrease and adversely affect the prognosis. However, these 
findings need to be supported by more extensive randomized 
controlled trials.
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