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ABSTRACT
Objectives  Malnutrition is a clinical condition that is 
frequently seen in critically ill patients in the intensive care 
unit (ICU). Although there are many scoring systems and 
tools used to determine nutritional risk, those that can 
be used in critically ill patients in the ICU are very few. 
The scoring systems used are insufficient to identify ICU 
patients with malnutrition or at risk.
Malnutrition is generally presented with a decrease in 
skeletal muscle mass and muscle strength. Therefore, 
in many recent studies, attention has been drawn to the 
relationship between nutritional status and loss of muscle 
mass.
Design  A cohort study.
Setting  Forty-five patients hospitalised in an anaesthesia 
ICU in Turkey were included in the study.
Participants  Patients aged 18 years and older.
Interventions  Demographic data of patients included in 
the study, and Nutritional Risk Screening 2002 (NRS-2002) 
and Modified Nutrition Risk in Critically ill (mNUTRIC) 
scores in the first 24 hours of ICU admission were noted. 
Rectus abdominis muscle (RAM) and rectus femoris 
muscle (RFM) thicknesses were measured by the same 
person (intensive care specialist) with ultrasonography 
(USG).
Outcome measures  Finding a quantitative and practical 
evaluation method by determining the correlation of 
measurement of RAM and RFM thickness with USG with 
NRS-2002 and mNUTRIC score, which are scoring systems 
used to assess nutritional risk.
Results  The performance of RAM and RFM thickness in 
determining nutritional status was evaluated by receiver 
operating characteristic (ROC) analysis. Area under the 
ROC curves were calculated as >0.7 for RFM and RAM 
measurements (p<0.05). Specificity and sensitivity 
percentages of RAM were found to be higher than RFM in 
determining nutritional status.
Conclusion  This study showed that RAM and RFM 
thickness measured by USG can be a reliable and easily 
applicable quantitative method that can be used to 
determine nutritional risk in the ICU.

INTRODUCTION
Malnutrition is a clinical condition that is 
frequently seen in critically ill patients in the 

intensive care unit (ICU), characterised by 
prolonged mechanical ventilation and ICU 
stay, increased morbidity and mortality.1

Although there are many scoring systems 
and tools used to determine nutritional risk, 
the number of those that can be used in 
critically ill patients in the ICU is very few.2 
Although it is recommended evaluating criti-
cally ill patients with Modified Nutrition Risk 
in Critically ill (mNUTRIC) and Nutritional 
Risk Screening 2002 (NRS-2002) scoring 
systems according to the American Society 
for Parenteral and Enteral Nutrition/Society 
for Critical Care Medicine guidelines, there 
are some opinions that both scoring systems 
are not suitable for critically ill patients.3 The 
European Society for Clinical Nutrition and 
Metabolism emphasises that these scoring 
systems are not the gold standard for identi-
fying malnourished or at-risk ICU patients.4 
Due to these differences of opinion, nutri-
tional risk assessment tools and methods that 
provide quantitative results specific to criti-
cally ill patients are still being researched in 
the ICU.

Malnutrition generally presents with a 
decrease in skeletal muscle mass and muscle 
strength.5 In many recent studies, attention 
has been drawn to the relationship between 
nutritional status and loss of muscle mass, 
especially in the elderly population.6 7 Based 
on this information, we come across studies 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study uses rectus abdominis muscle and rectus 
femoris muscle in nutritional risk assessment in the 
intensive care unit (ICU).

	⇒ The limitation is that the study was conducted in a 
single centre and in a single ICU.

	⇒ Since a specific ICU was not selected, patients’ ICU 
admission diagnoses vary.
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examining the changes in the amount of muscle and fat 
in the follow-up of the nutritional therapy of critically ill 
patients in the ICU. Considering that the most important 
step in the treatment of malnutrition is to recognise the 
malnutrition or to determine the risk, it will play a critical 
role in the treatment to seek an ideal test that can identify 
malnutrition both sensitively and specifically.

The aim of this study is to find a quantitative and prac-
tical evaluation method by determining the correlation 
of ultrasonographic measurement of rectus abdominis 
muscle (RAM) and rectus femoris muscle (RFM) thick-
ness in critically ill patients in the ICU with the NRS-2002 
and mNUTRIC score, which are scoring systems used to 
assess nutritional risk.

MATERIAL AND METHODS
Study design
After the approval of the Clinical Research Ethics 
Committee, patients aged 18 years and older who were 
hospitalised in Muğla Training and Research Hospital 
Anesthesia Intensive Care Units were included in the 
study. Those under the age of 18 years, pregnant women, 
those who had abdominal surgery, and those with muscle 
disease and body mass index of 35 kg/m2 and above were 
excluded from the study (figure 1).

Age, gender, comorbidity, diagnosis of admission to 
the ICU, duration of ICU hospitalisation, presence and 
duration of mechanical ventilation and discharge status 
of all patients were recorded. Acute physiology and 
chronic health evaluation scoring system II (APACHE II), 

NRS-2002 and mNUTRIC scores were noted in the first 
24 hours of ICU admissions. RAM and RFM thicknesses 
were measured with ultrasonography (USG) by the same 
person (intensive care specialist).

For the RAM thickness, the linear ultrasonographic 
probe was placed in the transverse plane just lateral to the 
umbilicus while the patients were in the supine position. 
The RAM was visualised between the layers of the anterior 
abdominal wall and its thickness was measured. The same 
procedure was applied to the opposite site.

For the RFM, the linear ultrasonographic probe was 
placed at a right angle to the dorsal thigh by determining 
the midpoint between the thoracantary major and the 
patella proximal border while the patient was in the 
supine position. In the axial ultrasound image, the RFM 
was visualised under the subcutaneous adipose tissue 
and its thickness was measured. The same procedure was 
applied to the opposite site.

All the patients grouped with a score of 3 and above for 
NRS-2002 were considered nutritionally risky, mNUTRIC 
scores between 5 and 9 were considered high risk, and 
those with 0–4 were considered low risk.

The measurement results obtained for RAM and RFM 
were recorded.

Statistical analysis
The sample size was calculated using the G*Power 
program to determine the minimum number of partic-
ipants needed for the correlation analysis. Significance 
level α=0.05, power of the statistical test (Power 1−β=0.95) 
and medium effect size (0.5) were taken in the calcula-
tion. According to the power analysis, 45 patients were 
planned to be included in the study since the sample size 
should consist of at least 42 participants.

The data of the patients were analysed with the SPSS 
V.23.00 statistical package program. Descriptive statistics 
of the data were calculated as number, percentage distri-
bution, mean and SD. The performance of RAM and RFM 
thickness in predicting nutritional risk was examined by 
receiver operating characteristic (ROC) curve analysis. In 
the presence of significant limit values, the sensitivity and 
specificity values of these limits were calculated. The find-
ings were evaluated at the 95% CI and at the 5% signifi-
cance level.

Patient and public involvement
Patients or the public have not been involved in the 
design, or conduct, or reporting of this trial.

RESULTS
Two of the 45 patients included in the study were excluded 
due to deficiencies in muscle measurements, and the 
results were evaluated on 43 patients. The mean age 
was 67.5±18.86 years, the mean number of ICU stays was 
8.67±7.63 and the mean APACHE II score was 16.6±8.19. 
The reasons for admission to the ICU were 53.5% pneu-
monia, 14% head trauma, 9.3% sepsis and 23.3% other 

Figure 1  Flow chart displaying selective and exclusive 
process of patients in the current study. RAM, rectus 
abdominis muscle; RFM, rectus femoris muscle; USG, 
ultrasonography.
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reasons. While 32.6% (n=14) of the patients did not 
need mechanical ventilation support, 51.2% (n=22) were 
followed up with invasive mechanical ventilation support 
and 16.3% non-invasive mechanical ventilation support. 

The overall mortality was 37.2% (16 of 43). Other demo-
graphic data and parameters are given in table 1.

The mean score of NRS-2002 used in nutritional risk 
assessment was calculated as 3.53±1.05, and the mean 
score of mNUTRIC score was calculated as 4.18±2.06. 
When the patients were grouped according to their 
nutritional risks, it was determined that 95.3% (n=41) of 
patients were at risk in terms of nutrition in the evalua-
tion made with NRS-2002. According to the mNUTRIC 
score, while 46.5% (n=20) of the patients were at high 
risk in terms of nutrition, 53.5% (n=23) were considered 
as low risk.

The performance of RAM and RFM thickness in deter-
mining nutritional status was evaluated by ROC anal-
ysis. Area under the ROC curve (AUROC), as assessed 
with mNUTRIC score, was 0.747 with 0.080 SE for right 
RAM, 0.736 with 0.078 SE for left RAM, 0.715 with 0.083 
SE for right RFM and 0.712 with 0.087 SE for left RFM 
(figure 2 and table 2). Similar AUROCs were calculated 
for RAM and RFM thickness. When evaluated with NRS-
2002, similar AUROCs were calculated for RFM and RAM 
values, but none of them were found to be statistically 
significant (p>0.05) (figure 3 and table 3).

In the nutritional risk comparison determined by 
mNUTRIC score, results for right RAM thickness were 
cut-off point of 8.15 cm, sensitivity of 78.3% and spec-
ificity of 70%. Results for left RAM thickness were cut-
off point of 8.2 cm, sensitivity of 73.2% and specificity of 
70.6%. Results for right RFM thickness were cut-off point 
of 11.5 cm, sensitivity of 51.2% and specificity of 48.8%; 
and results for left RFM thickness were cut-off point of 
11.5 cm, sensitivity of 51.2% and specificity of 46.3%. 
Specificity and sensitivity percentages of RAM were found 
to be higher than RFM in determining nutritional status 
(table 4).

DISCUSSION
The results of our study showed that RAM and RFM thick-
ness could be a useful parameter when compared with 
the mNUTRIC score to determine nutritional risk in the 
ICU.

Malnutrition is one of the most important problems 
in ICUs. While there may be malnutrition during admis-
sion to the ICU in critically ill patients, malnutrition 
may develop due to the critical illness in the period after 
admission. Malnutrition, which causes complications 
such as infection, multiple organ failure and prolonged 
mechanical ventilation, prolongs the duration of stay in 
the ICU, and increases mortality and morbidity. There-
fore, early determination of the nutritional status of crit-
ically ill patients in the ICU and initiation of appropriate 
nutritional therapy are very important. Tests with clin-
ical evaluations such as mNUTRIC score and NRS-2002, 
anthropometric, chemical and immunological parame-
ters can be used to determine nutritional status and iden-
tify malnutrition. However, there is still no consensus on 
which method is the gold standard.

Table 1  Patient demographic characteristics and results

Variables Mean/frequency

Gender, n (%)

 � Female 12 (27.9)

 � Male 31 (72.1)

Age, mean (SD) 67.51 (18.86)

APACHE II

 � Mean (SD) 16.60 (18.86)

  �  Minimum 4

  �  Maximum 40

NRS-2002 score

 � Mean (SD) 3.58 (1.05)

  �  Minimum 1

  �  Maximum 7

mNUTRIC

 � Mean (SD) 4.18 (2.06)

  �  Minimum 1

  �  Maximum 8

ICU length of stay (day), mean (SD) 8.67 (7.63)

MV, n (%)

 � No 14 (32.6)

 � IMV 22 (51.2)

 � NIMV 7 (16.3)

MV days, mean (SD) 7.51 (6.20)

Mortality, n (%) 16 (37.2)

Right RAM

 � Mean (SD) 8.86 (2.87)

  �  Minimum 4.30

  �  Maximum 17.50

Left RAM

 � Mean (SD) 9.03 (2.95)

  �  Minimum 4.40

  �  Maximum 19.30

Right RFM

 � Mean (SD) 12.20 (3.37)

  �  Minimum 6.20

  �  Maximum 20.30

Left RFM

 � Mean (SD) 11.60 (3.11)

  �  Minimum 5.90

  �  Maximum 19.70

APACHE II, acute physiology and chronic health evaluation scoring 
system II; ICU, intensive care unit; IMV, invasive mechanical 
ventilation; mNUTRIC, Modified Nutrition Risk in Critically ill; MV, 
mechanical ventilation; NIMV, non-invasive mechanical ventilation; 
NRS-2002, Nutritional Risk Screening 2002; RAM, rectus abdominis 
muscle; RFM, rectus femoris muscle.
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The prevalence of malnutrition in ICUs varies between 
20% and 50%.8–10 Wang et al emphasised that they 
detected high incidences of malnutrition in surgical ICU 
patients in a large prospective observational study, and 
they found a high nutritional risk (mNUTRIC scores ≥5) 

in 28.2% of the patients in ICU admissions.8 In another 
study, similar results were obtained in the postoperative 
ICU evaluation.9 In our study, it was observed that 46.5% 

Figure 2  Receiver operating characteristic (ROC) curves 
displaying predictive value of RFM and RAM thickness 
with mNUTRIC score. mNUTRIC, Modified Nutrition Risk in 
Critically ill; RAM, rectus abdominis muscle; RFM, rectus 
femoris muscle.

Table 2  ROC curves for RFM and RAM compared with 
mNUTRIC score

Significance of right RAM ROC curve

 � Area under the ROC curve (AUROC) 0.747

 � SD 0.080

 � 95% CI 0.591 to 0.903

 � P value 0.006

Significance of left RAM ROC curve

 � AUROC 0.736

 � SD 0.078

 � 95% CI 0.583 to 0.889

 � P value 0.008

Significance of right RFM ROC curve

 � AUROC 0.715

 � SD 0.083

 � 95% CI 0.502 to 829

 � P value 0.044

Significance of left RFM ROC curve

AUROC 0.712

 � SD 0.078

 � 95% CI 0.559 to 865

 � P value 0.018

mNUTRIC, Modified Nutrition Risk in Critically ill; RAM, rectus 
abdominis muscle; RFM, rectus femoris muscle; ROC, receiver 
operating characteristic.

Figure 3  Receiver operating characteristic (ROC) curves 
displaying predictive value of RFM and RAM thickness with 
NRS-2002. NRS-2002, Nutritional Risk Screening 2002; RAM, 
rectus abdominis muscle; RFM, rectus femoris muscle.

Table 3  ROC curves for RFM and RAM compared with 
NRS-2002

Significance of right RAM ROC curve

 � Area under the ROC curve (AUROC) 0.732

 � SD 0.070

 � 95% CI 0.594 to 0.870

 � P value 0.273

Significance of left RAM ROC curve

 � AUROC 0.524

 � SD 0.132

 � 95% CI 0.266 to 0.783

 � P value 0.908

Significance of right RFM ROC curve

 � AUROC 0.720

 � SD 0.157

 � 95% CI 0.412 to 1.00

 � P value 0.299

Significance of left RFM ROC curve

 � AUROC 0.780

 � SD 0.147

 � 95% CI 0.493 to 1.00

 � P value 0.185

NRS-2002, Nutritional Risk Screening 2002; RAM, rectus abdominis 
muscle; RFM, rectus femoris muscle; ROC, receiver operating 
characteristic.
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of the patients had a high nutritional risk according to 
the mNUTRIC score. This rate was found to be higher 
(95.3%) compared with NRS-2002 scores. Similar results 
are seen in many studies and nutritional risk is signifi-
cantly higher in evaluations made with NRS-2002.9 10 The 
fact that the results of the scoring systems frequently used 
in ICUs are so different can be considered as evidence 
of the inadequacy of evaluation methods in critically ill 
patients. Coltman et al showed that traditional screening 
and evaluation tools do not define patients who are 
undernourished or at risk in the ICU as a single type and 
therefore may not be suitable for use in ICU patients.11 
With the search for a reliable method, it was aimed to 
evaluate the performance of RAM and RFM thicknesses 
in determining nutritional risk.

It is known that malnutrition and inadequate protein 
intake cause serious problems in preserving muscle mass. 
During periods of starvation, the body’s goal is to initially 
maintain lean muscle. While glycogen stores are used as 
the primary energy source, the increased time adapts to 
the breakdown of fat to ensure maximal protection of the 
muscles. In the case of increased stress with hunger, it 
causes negative nitrogen balance and rapid muscle loss.12 
Malnutrition, insufficient protein and energy intake, 
which are also involved in the pathophysiology of malnu-
trition and age-related sarcopenia, are held responsible 
for the loss of muscle mass.13 In intensive care patients, 
this muscle loss begins in the early stages of critical illness 
(within hours after the onset of the disease) with the effect 
of hormones and mediators (catecholamines, cortisol, 
growth hormone, cytokines, etc).12 14 Although muscle 
wasting is a part of the acute inflammatory process, immo-
bilisation, age, drugs, comorbidities, pre-critical skeletal 
muscle function and condition are also related to the 

nutritional status of the pre-critical patient.14 For this 
reason, information about the nutritional status of the 
patient can be obtained by evaluating the skeletal muscles 
in ICU hospitalisation of critically ill patients.

While the muscle loss that occurs in sarcopenia is 
discussed in more detail, and muscle evaluation in criti-
cally ill patients in the ICU is examined in the follow-up of 
nutritional status, there is still a debate about which skel-
etal muscle can be used.12 The lower extremity muscles 
are more prone to early atrophy because they carry 
weight compared with the upper extremity muscles, fat 
and muscle loss can be noticed even with palpation, as 
the upper trunk muscles are less affected by oedema.12 It 
has been found that the upper body muscles reflect the 
general muscle mass in a better way.15 Temporalis, pecto-
ralis, trapezius, deltoideus, gastrocnemius, supraspinatus 
and infraspinatus muscles are used to evaluate muscle 
loss among the other muscles.16 Large muscle groups 
such as the RFM, RAM or quadriceps muscles are more 
preferred in the follow-up due to fewer errors during 
measurement.7 We preferred RFM and RAM, which are 
more prone to atrophy and have a clear relationship with 
nutrition in determining nutritional risk in our study. 
In addition, evaluation of RAM and RFM with USG can 
be done in the supine position without the need for any 
position. Their anatomical placement provides practical 
imaging of the muscles with USG.

Puthucheary et al examined muscle loss in the quad-
riceps region and correlated the loss with the catabolic 
state resulting from decreased protein synthesis and 
increased muscle breakdown.17 According to Detsky et al, 
the evaluation of deltoid and quadriceps muscles is clini-
cally significant to determine muscle loss.18 Four muscle 
groups including rectus abdominis, biceps, rectus femoris 
and tibialis anterior muscles were examined in the first 
24 hours of admission to the ICU by Bulinski et al. They 
emphasised that very early changes occur in all the evalu-
ated muscles and that these changes can lead to difficulty 
in weaning patients.19 In another study, muscle mass of 
ICU patients was followed by USG and it was found that 
muscle mass was negatively correlated with ICU stay. It 
was concluded that the first 2–3 weeks in the ICU is the 
period in which muscle loss is most common.20 In the 
light of studies showing that loss of muscle mass is evident 
in the first weeks in the ICU, early and serial evaluation 
of these patients is very important.11 Considering that the 
first step of malnutrition treatment is to determine the 
nutritional risk, the availability of a safe, practical, bedside 
and cost-effective method has a critical importance in the 
ICU.

In our study, the nutritional status determined by 
mNUTRIC score was compared with RAM and RFM 
thicknesses; AUROCs were found to be >0.7 and it was 
concluded that RAM and RFM muscle could be used 
to determine nutritional status in our study. When the 
sensitivity and specificity percentages are examined, it 
has been shown that RAM is more reliable than RFM. 
Because it is a practical and easily applicable method at 

Table 4  Diagnostic scanning tests for RAM and RFM

Diagnostic scanning tests for right RAM

 � Cut-off 8.15

 � Sensitivity 78.3%

 � Specificity 70%

Diagnostic scanning tests for left RAM

 � Cut-off 8.2

 � Sensitivity 73.2%

 � Specificity 70,6%

Diagnostic scanning tests for right RFM

 � Cut-off 11.55

 � Sensitivity 51.2%

 � Specificity 48.8%

Diagnostic scanning tests for left RFM

 � Cut-off 11.55

 � Sensitivity 51.2%

 � Specificity 46.3%

RAM, rectus abdominis muscle; RFM, rectus femoris muscle.
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the bedside, RFM and RAM thickness will provide ease of 
use in clinical practice.

This study has a few limitations. The first of these is that 
the study was conducted in a single centre and in a single 
ICU. Since a specific ICU was not selected, patients’ ICU 
admission diagnoses vary. Due to the increasing muscle 
loss with age, the specificity of the study for different age 
groups may reveal the reason for the difference in spec-
ificity and sensitivity between RFM and RAM. We think 
that subgroup analyses should be done by increasing the 
number of patients participating in the study.

As a result, RFM and RAM measurement with USG is 
a practical and reliable method that can be applied at 
the bedside in the ICU. We thought that since traditional 
screening and evaluation tools are not reliable in ICU 
patients, adding the evaluation of muscle mass by USG 
to the currently used methods will enable clinicians to 
obtain more accurate and reliable results.

Contributors  Guarantor—CG. Conceived the study—CG and AA. Formal 
analysis—CG, AA, EKÇ and EK. Writing (original draft preparation)—CG, HOY and 
TÇ. Writing (reviewing and editing)—CG, HOY and TÇ. All authors have read and 
agreed to the final version of the manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not required.

Ethics approval  This study involves human participants and was approved by 
Muğla Sıtkı Koçman University Clinical Research Ethics Committee (number: 
08/10/2022-16/VIII). Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  No data are available.

Open access  This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided the 
original work is properly cited, appropriate credit is given, any changes made 
indicated, and the use is non-commercial. See: http://creativecommons.org/​
licenses/by-nc/4.0/.

ORCID iD
Canan Gürsoy http://orcid.org/0000-0003-0658-9138

REFERENCES
	 1	 Gulsoy KY, Orhan S. The relationship between mortality and the 

modified nutrition risk in critically ill (mNUTRIC) and nutritional risk 
screening 2002 (NRS-2002) scores in the intensive care unit. J Coll 
Physicians Surg Pak 2022;32:848–54. 

	 2	 Anthony PS. Nutrition screening tools for hospitalized patients. Nutr 
Clin Pract 2008;23:373–82. 

	 3	 Compher C, Bingham AL, McCall M, et al. Guidelines for the 
provision of nutrition support therapy in the adult critically ill patient: 
the American Society for parenteral and enteral nutrition. JPEN J 
Parenter Enteral Nutr 2022;46:12–41. 

	 4	 Singer P, Blaser AR, Berger MM, et al. ESPEN guideline on clinical 
nutrition in the intensive care unit. Clin Nutr 2019;38:48–79. 

	 5	 Abe T, Sakamaki M, Yasuda T, et al. Age-related, site-specific muscle 
loss in 1507 Japanese men and women aged 20 to 95 years.  
J Sports Sci Med 2011;10:145–50.

	 6	 Nijholt W, Scafoglieri A, Jager-Wittenaar H, et al. The reliability 
and validity of ultrasound to quantify muscles in older adults: a 
systematic review. J Cachexia Sarcopenia Muscle 2017;8:702–12. 

	 7	 Bencivenga L, Picaro F, Ferrante L, et al. Muscle ultrasound as 
imaging domain of frailty. Front Med (Lausanne) 2022;9:922345. 

	 8	 Wang N, Wang M-P, Jiang L, et al. Association between the modified 
nutrition risk in critically ill (mNUTRIC) score and clinical outcomes in 
the intensive care unit: a secondary analysis of a large prospective 
observational study. BMC Anesthesiol 2021;21:220. 

	 9	 Özbilgin Ş, Hancı V, Ömür D, et al. Morbidity and mortality predictivity 
of nutritional assessment tools in the postoperative care unit. 
Medicine (Baltimore) 2016;95:e5038. 

	10	 Lew CCH, Yandell R, Fraser RJL, et al. Association between 
malnutrition and clinical outcomes in the intensive care unit: a 
systematic review [formula: see text]. JPEN J Parenter Enteral Nutr 
2017;41:744–58. 

	11	 Coltman A, Peterson S, Roehl K, et al. Use of 3 tools to assess 
nutrition risk in the intensive care unit. JPEN J Parenter Enteral Nutr 
2015;39:28–33. 

	12	 Fischer M, JeVenn A, Hipskind P. Evaluation of muscle and fat loss as 
diagnostic criteria for malnutrition. Nutr Clin Pract 2015;30:239–48. 

	13	 Agarwal E, Miller M, Yaxley A, et al. Malnutrition in the elderly: a 
narrative review. Maturitas 2013;76:296–302. 

	14	 Katari Y, Srinivasan R, Arvind P, et al. Point-of-care ultrasound to 
evaluate thickness of rectus femoris, vastus intermedius muscle, and 
fat as an indicator of muscle and fat wasting in critically ill patients 
in a multidisciplinary intensive care unit. Indian J Crit Care Med 
2018;22:781–8. 

	15	 Keys A. Caloric undernutrition and starvation, with notes on protein 
deficiency. J Am Med Assoc 1948;138:500–11. 

	16	 Secker DJ, Jeejeebhoy KN. How to perform subjective 
global nutritional assessment in children. J Acad Nutr Diet 
2012;112:424–431. 

	17	 Puthucheary ZA, Rawal J, McPhail M, et al. Acute skeletal muscle 
wasting in critical illness. JAMA 2013;310:1591–600. 

	18	 Detsky AS, McLaughlin JR, Baker JP, et al. What is subjective global 
assessment of nutritional status? JPEN J Parenter Enteral Nutr 
1987;11:8–13. 

	19	 Bulinski C, Viard M, Vlazak A, et al. Neuromuscular sonography 
detects changes in muscle echotexture and nerve diameter in ICU 
patients within 24 H. J Ultrasound 2022;25:535–45. 

	20	 Gruther W, Benesch T, Zorn C, et al. Muscle wasting in intensive 
care patients: ultrasound observation of the M. quadriceps femoris 
muscle layer. J Rehabil Med 2008;40:185–9. 

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2023-071796 on 30 M

arch 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0658-9138
http://dx.doi.org/10.29271/jcpsp.2022.07.848
http://dx.doi.org/10.29271/jcpsp.2022.07.848
http://dx.doi.org/10.1177/0884533608321130
http://dx.doi.org/10.1177/0884533608321130
http://dx.doi.org/10.1002/jpen.2267
http://dx.doi.org/10.1002/jpen.2267
http://dx.doi.org/10.1016/j.clnu.2018.08.037
http://dx.doi.org/24149307
http://dx.doi.org/24149307
http://dx.doi.org/10.1002/jcsm.12210
http://dx.doi.org/10.3389/fmed.2022.922345
http://dx.doi.org/10.1186/s12871-021-01439-x
http://dx.doi.org/10.1097/MD.0000000000005038
http://dx.doi.org/10.1177/0148607115625638
http://dx.doi.org/10.1177/0148607114532135
http://dx.doi.org/10.1177/0884533615573053
http://dx.doi.org/10.1016/j.maturitas.2013.07.013
http://dx.doi.org/10.4103/ijccm.IJCCM_394_18
http://dx.doi.org/10.1001/jama.1948.62900070006007
http://dx.doi.org/10.1016/j.jada.2011.08.039
http://dx.doi.org/10.1001/jama.2013.278481
http://dx.doi.org/10.1177/014860718701100108
http://dx.doi.org/10.1007/s40477-021-00621-8
http://dx.doi.org/10.2340/16501977-0139
http://bmjopen.bmj.com/

	Rectus abdominis and rectus femoris muscle thickness in determining nutritional risk in critically ill patients: a prospective cohort study in Turkey
	Abstract
	Introduction﻿﻿
	Material and methods
	Study design
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	References


