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This review by a panel of pediatric gastroenterology-hepatology-nutrition and pediatric neurology experts aimed to address the significance of mid-upper arm circumference (MUAC) assessment in diagnosis of pediatric malnutrition. Specifically, the potential utility of recently developed MUAC z-score tape in clinical practice for larger patient populations was addressed including the neurologically disabled children. In accordance with the evidence-based data, four statements were identified by the participating experts on the utility of MUAC z-score tape, including (1) MUAC z-scores correlate with body mass index (BMI) and weight for height/length (WFH/l) z-scores in diagnosing malnutrition; (2) MUAC z-score tape offers a higher sensitivity to diagnose the mild and moderate malnutrition and better ability to track the changes in nutritional status over time than the other single datapoint measurements; (3) Using single-step MUAC z-score tape in children with cerebral palsy (CP) seems to provide more reliable data on anthropometry; and (4) The clinical value of the tool in classifying secondary malnutrition in CP should be investigated in large-scale populations. In conclusion, enabling single-step estimation of nutritional status in a large-scale pediatric population regardless of age and within a wide range of weight, without formal training or the need for ancillary reference charts and calculators, MUAC z-tape offers a favorable tool for easier and earlier diagnosis of pediatric malnutrition. Nonetheless, further implementation of MUAC z-score screening in larger-scale and/or special populations is necessary to justify its utility in relation to other primary anthropometric indicators in diagnosis of malnutrition as well as in treatment monitoring in the community and hospital setting.
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1. Introduction

Pediatric malnutrition remains to be a highly prevalent problem worldwide, whereas it is frequently underdiagnosed or underestimated in clinical practice due to diagnostic challenges (1–4). Malnutrition can cause important consequences not only in childhood but also in adulthood. The younger and more severely malnourished the person is, the worse the consequences (5–11). Hence, preventing all grades of malnutrition through timely recognition and treatment of malnutrition risk/malnutrition is associated with improved child survival and a healthier life (1–3, 10, 12).

Weight-for-length (WFL; in infants and children up to 23 months of age), weight-for-height (WFH; in children aged ≥24 months), mid-upper arm circumference (MUAC; in children aged ≥2 months), and body mass index (BMI; in those aged 2 to 19 years) are the most widely used anthropometric measurements in diagnosis of pediatric malnutrition (12–15). Recently, MUAC z-score tape was developed to further facilitate the diagnosis of primary malnutrition, which enables single-step assessment of nutritional status (as defined by z-score) without using ancillary reference charts and calculators, and for a larger number of children regardless of the any age and across a wide weight range (16–22).

Diagnosis of malnutrition is considerable challenging in neurologically disabled children, children with cerebral palsy (CP) in particular, due to difficulty in obtaining reliable anthropometric measurements in case of joint contractures (23–25). These children are also at risk of misestimation of the nutritional status, and this risk remains unperturbed independently of the tool used, if specific charts for this special population are not available or not used (24, 26–28). In this regard, the MUAC z-score tape may represent a favorable assessment tool to obtain a more accurate anthropometric profile in children with CP and to improve nutritional rehabilitation practice in this setting.

This scoping review aimed to address the significance of MUAC among other primary anthropometric indicators in diagnosis of pediatric malnutrition and the potential utility of recently developed MUAC z-score tape in the clinical practice in diagnosis of malnutrition for larger-scale and/or special patient populations including the neurologically disabled children.



2. Methods

This scoping review was prepared by an expert panel of pediatric gastroenterology-hepatology-nutrition and pediatric neurology specialists. The panel critically analyzed recommendations from international guidelines and consensus statements, systematic reviews, results of randomized control trials, population-based studies, prospective longitudinal cohort studies, multicenter cross-sectional studies and case reports focusing on diagnosis of malnutrition and anthropometric assessments with use of MUAC z-scores in particular, in the community and hospital setting. The significance of MUAC in diagnosis of pediatric malnutrition and the potential utility of recently developed MUAC z-score tape in the clinical practice for special patient populations including the neurologically disabled children were discussed, as supported by scientific evidence and expert clinical opinion.

The main topics addressed in this paper are a) pediatric malnutrition (definition, classification, prevalence, primary anthropometric diagnostic indicators), b) the significance of MUAC as a single datapoint anthropometric measurement (criteria for an ideal malnutrition screening tool, role of MUAC in nutrition programming and mortality prediction, MUAC z-score in relation to WFH/l and BMI z-scores), c) assessment of MUAC z-score (traditional MUAC tape vs. MUAC z-score tape), and d) potential utility of MUAC z-score tape in neurologically disabled children.



3. Pediatric malnutrition


3.1. Definition, classification and prevalence of pediatric malnutrition

American Society for Parenteral and Enteral Nutrition (ASPEN) defines pediatric malnutrition (undernutrition) as an imbalance between nutritional need and intake, resulting in cumulative deficits of energy, protein, or micronutrients with potential adverse effects on growth, development, and other related outcomes (14). The classification of malnutrition is based on its etiology (primary, secondary), duration (acute, chronic), anthropometrics (stunting, wasting and underweight) and severity (mild, moderate, severe) (14).

Height or length for age is a criterion for assessing stunting secondary to chronic malnutrition, while WFH/l is used for assessing wasting due to acute malnutrition. Weight for age (WFA) is a growth indicator that relates weight to age and measures underweight, which may be low in acute and/or chronic malnutrition (29). The infants and children below age 5 are at greater risk of malnutrition due to accelerated growth and brain development or inappropriately introduced complementary foods (too early, too late, low nutrient density and micronutrient bioavailability) (1, 4, 12).

Although there has been a decreasing trend since 2000, stunting and wasting are still seen in 22% and 6.7% of children <5 years of age globally in 2020, respectively (30). Malnutrition, particularly wasting, increases risk of death, and is associated about half of all under-5 deaths (14, 30). In Turkey, stunting is the most common form of malnutrition with considerably higher prevalence of stunting (6.1% in boys and 5.8% in girls) than underweight (1.3% and 1.7%, respectively) and wasting (1.7% and 1.6%, respectively) in children below five years (31).

Non-illness related (primary) malnutrition is a multifactorial condition with potential contribution of poor maternal nutrition, low birth weight, insufficient breastfeeding or complementary feeding, poverty, lack of adequate food, recurrent infections and environmental enteropathy. Illness-related (secondary) malnutrition occurs in the presence of an underlying disease with adverse effects on growth, particularly the neurological diseases like CP, chronic infectious diseases, cystic fibrosis, congenital cardiovascular diseases, primary immunodeficiencies, malignancy and certain gastrointestinal and liver diseases (4, 14). While several factors related to underlying disease may contribute to malnutrition, malnutrition itself also leads to poor response to treatment of the underlying disease if not recognized or left untreated (4, 12, 14).



3.2. Diagnosis of pediatric malnutrition (undernutrition): A shift from the use of percentiles to z-scores with single datapoint anthropometric measurement

Although ASPEN's definition of pediatric malnutrition comprises several aspects of poor health outcomes in a malnourished child, there remain challenges in everyday clinical practice in its implementation (12, 14, 15). In an attempt to standardize the approach to diagnose malnutrition in children and to improve overall nutrition assessment and consistency, Academy of Nutrition and Dietetics (AND)/ASPEN reached a consensus in 2014 with regard to the use of z-scores for WFH/l, BMI for age, L/HFA, or MUAC when a single data point is available (15).

The WFH/l z-scores and BMI z-scores are more commonly used in health care settings, since these measurements necessitate formal training and access to special equipment (i.e., scale, stadiometer, anthropometric caliper and calculation). However, the MUAC, as measured in mm using a measuring tape that also displays the z-score, gives the severity of malnutrition with a single measurement, and can be used in any condition. Accordingly, it is considered an easier method to be adopted by front-line health workers for screening of acute malnutrition in a community setting (12, 21, 32–34).

The global evidence indicates higher sensitivity of MUAC than WFH z-score in identifying children at higher risk for severe acute malnutrition and in predicting mortality (19, 35–37). In addition, the updated WHO and UNICEF guidelines on a standardized cut-off enabled MUAC to become a widely used and successful diagnostic tool for screening children in medically underserved and resource restricted settings (38). However, the cut-offs for severe and moderate acute malnutrition, which are well-established for WFH and BMI z-scores, are considered to be much less consistent for traditional MUAC tapes (16, 21). Hence, reference growth curves have been developed for age-specific MUAC z-scores by several groups (17–19), while MUAC z-scores defined for children aged 2 months to 18 years in the United States. cohorts in 2017 has extended the utility of this single datapoint of arm anthropometry in diagnosis and classification of malnutrition (19).

In the recent AND/ASPEN consensus statement, MUAC was specifically listed amongst the independent indicators for diagnosing pediatric malnutrition in children 6 to 59 months of age (15). The use of single datapoint of anthropometry based on WFH/l, BMI or MUAC z- scores (−1 to −1.9: mild malnutrition, −2.0 to −2.9: moderate malnutrition and ≥ −3: severe malnutrition) is considered for diagnosis of malnutrition when a child has only a single datapoint (Table 1) (15).


TABLE 1 Single datapoint of anthropometry and additional supportive criteria for diagnosis and classification of pediatric malnutrition (15).
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When a child presents with historical medical information and two or more data points are available for use as criteria, additional criteria including weight gain velocity (<2 y), weight loss (2 to 20 y), deceleration in WFH/l z-score and inadequate nutrient intake can also be used to support malnutrition diagnosis (Table 1) (15).




4. The significance of MUAC as a single datapoint measurement


4.1. MUAC as an ideal malnutrition assessment tool

The ideal method for malnutrition screening and case detection in the community setting is considered to be simple, acceptable, low cost, precise, accurate, sensitive, specific and predictive and to be both objective and quantitative allowing for completeness of coverage (39). In addition, for detecting cases of malnutrition in early childhood, indicators are also suggested to be age-free, given the challenges in estimating accurate age in the context of severe malnutrition-based treatment programs (39).

The subjective clinical assessment (i.e., visible severe wasting) is considered to perform poorer than any anthropometry-based method, while WFH/l-based case-detection methods are considered to perform worse than MUAC, especially in certain circumstances (39, 40). Hence, MUAC, based on the currently available evidence, is considered to be the best case-detection method for pediatric malnutrition in terms of easiness, age independence, precision, accuracy, sensitivity, specificity and lack of special equipment, formal training requirement or calculation (Table 2) (39, 40).


	(a)Simplicity: MUAC was reported to be faster and easier to perform screening in the community setting than other indicators including WFA, HFA and WFH (41) and to reveal immediate classifications of malnutrition by using a readily understandable “traffic light” system with colors (39).

	(b)Acceptability, precision and accuracy: MUAC offers a higher acceptability and thereby an improved precision and accuracy of measurements in younger children who are agitated during weight and height measurements (39).

	(c)Age independence in mortality risk prediction: MUAC and WFH are known to be “relatively independent” and “independent” of age between 1 and 5 years of age, respectively. However, while the power of WFH in predicting mortality may change with age, the mortality-predicting power of MUAC is independent of age and is valid even in children below age 1 (39, 42).




TABLE 2 Key properties of WFA, WFH/l and MUAC z-score tools (39, 40, 43, 51, 55, 56).
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4.2. MUAC in nutrition programming (screening, admission, monitoring recovery) and mortality prediction

Use of WFH z-score alone or in combination with MUAC has no superiority over MUAC alone in identifying children at risk of mortality. Growing evidence indicates that weight gain and MUAC gain follow each other and similarly response to the treatment (43–46). Thus, MUAC is increasingly recognized as a stand-alone favorable tool that can be used for every phase of the entire nutrition programming (i.e., screening, hospital admission, disease monitoring and time of discharge) (46).

Many studies indicated MUAC as an independent tool for diagnosing malnutrition in children aged 6-59 months, which is found to be correlated to BMI but to be a more sensitive prognostic indicator for mortality than WFH in children and to be more sensitive to changes in muscle and fat mass than BMI in adults (14, 43, 47–51).

In a systematic review in 2013, while MUAC was concluded to offer an appropriate stand-alone criterion for hospital admission and discharge due to severe acute malnutrition, the MUAC cutoffs were reported to range from 110 to 130 mm for children aged 6-59 months (52). Although controversial, the reliability of MUAC in diagnosing severe acute malnutrition among infants at ≤6 months age is suggested to be low due to lack of data on its inter-observer reliability (53). In this age group, MUAC is also considered to be further tested in terms of predicting malnutrition-associated adverse outcomes (i.e., risk of infections, morbidity and mortality) (54).



4.3. MUAC z-score in relation to WFH/l z-score and BMI z-score

When compared to WFH/l and BMI z-scores, MUAC z-scores are considered to be more sensitive to diagnose mild-to-moderate malnutrition and to track the change in nutritional status overtime, and also to provide more reliable data in the presence of ascites or edema, being not affected by fluid shifts or hydration status (Table 2) (43, 51, 55, 56).

In a recent study assessing the correlation of the AND/ASPEN single datapoint indicators in diagnosis of pediatric malnutrition in a small cohort of children with cystic fibrosis; the correlation between MUAC and WFH/l- BMI z-scores were reported to be high in diagnosing malnutrition but not in categorizing malnutrition (55). When compared to BMI/WFL z-scores, MUAC z-scores identified more children in the undernourished category and diagnosed mild-to-moderate malnutrition with a higher sensitivity (55). These findings seem notable given that mild-to-moderate malnutrition has a more challenging diagnosis, despite it comprises the majority of malnourished cases and accounts for majority of malnutrition-related deaths (57, 58). In addition, MUAC z-scores but not the corresponding BMI/WFL z-scores showed a significant change when tracked over time, emphasizing the likelihood of serial measurements of MUAC to pick up smaller improvements in lean body mass than BMI or weight change and to be a better method for assessing nutritional status overtime (55). Hence, the favorable utility of MUAC z-scores particularly in the setting of accompanying dehydration or edema is emphasized since it is not affected by fluid shifts or hydration status unlike to weight or BMI z-scores (5, 56).

MUAC measurements are suggested to be appropriate particularly in the presence of conditions likely to affect weight (i.e., lower-extremity edema, organomegaly or steroid usage), as weight trends per se are not reliable due to fluid status (15). Moreover, serial MUAC z-score measurements are considered to offer more reliable data on body composition monitoring, using the child as his/her own control (15, 43, 51).

In another study, MUAC z-scores were evaluated with respect to the z-scores for conventional indicators (WFL and BMI), using λ, μ, and σ values derived from Centers for Disease Control and Prevention (CDC) reference data in a large cohort of children in United States. practice settings (18). The authors reported that MUAC z-scores were significantly correlated with BMI and WFL z-scores (18). Also, MUAC z-scores were found to span a narrower range of values, since they are slightly smaller (in overweight/obese population) or larger (in severely malnourished children) than the corresponding BMI or WFL z-scores (18). Hence, z-score ranges used to define the stages of malnutrition may not be the same for all indicators, emphasizing that the different anthropometric indices require index-specific interpretation (18, 41, 59).

While MUAC z-score has become included amongst the indicators for pediatric malnutrition, given that limited experience with regard to implementation of MUAC z-score in clinical practice, further efforts should be made to improve use of MUAC in larger-scale and/or special populations (12, 14, 15, 20).




5. Assessment of MUAC z-score: traditional vs. z-score tape

The traditional MUAC tape has been a preferred tool due to its feasibility at community level in diagnosing malnutrition in children aged 6–59 months, as associated with high sensitivity and specificity for global acute malnutrition (defined by a MUAC <125 mm, > 90% and >80%, respectively) and for severe acute malnutrition (defined by a MUAC <115 mm, > 73% and >98%, respectively) (36, 60). Nonetheless, while evidence suggests MUAC as a better predictor of mortality as compared to WFH/l z-score, some authors considered that assessing the immediate mortality risk should not be the sole purpose of diagnosing acute malnutrition, and using MUAC-alone will underestimate the prevalence of severe acute malnutrition at the community level given that both WFH/l z-score and MUAC are known to identify different sets of children (36).

Given the current recommendations regarding a shift from the use of percentiles to z scores, availability of an accurate and dependable system to calculate these values is of critical importance (12). The normative data for a matched reference population for MUAC z-scores are available for children aged 2 months to 18 years (19). However, the traditional MUAC tape is based on a measurement of the MUAC in millimeters and then finding the related z score either by using MUAC growth curves or by calculating (manual or automated) via the formula based on the MUAC, lambda (L), mu (M), and sigma (S) values defined for the age and gender of the patient (20). In both ways, this is a time-consuming process necessitating use of at least 1 device (a traditional tape measure) and 1 set of references (growth charts or LMS data tables) and challenging for a busy clinician (20). While calculation of MUAC z-scores can also be made using online resources (https://peditools.org/cdcmuac/), this is still a multistep process necessitating presence of the electronic resource (20, 61). In addition, the traditional MUAC tape specifically defines the risk of severe acute malnutrition only in the 6-monthto 5-year age group, and provides only the values which necessitate use of ancillary reference charts for their interpretation (18‒20).

Hence, to overcome these limitations of the traditional MUAC tape, the novel MUAC z-score tape is developed as a prototype device capable of estimating nutritional status (as defined by z-score) in a single step process for any child and free of ancillary reference charts and calculators (20).

MUAC z-score tape (smaller one for 2-59 months age and larger one for 5-18 years of age) has a traditional measuring scale in metric units which reveals the MUAC, while linear markings with color-coded bands for the selected age-ranges indicates the MUAC z-score range (Figure 1) (20).


[image: Figure 1]
FIGURE 1
Prototype MUAC z-score tape (adapted from Thaete K et al. User-Informed Medical Device Development: A Case Study for Pediatric Malnutrition Assessment. Glob Pediatr Health. 2019 Jul 15;6:2333794X19861575).


Circumferential measurements of the upper arm are made at the midpoint between the acromion and olecranon which can be identified using the ruler on the device. Before the measurement, the tail end is threaded into slit “A” and back out through slit “B” to create a loop. At midpoint positioning, the tail end of the tape is pulled enough not to compress the skin. The user identifies the color band corresponding to the age of the patient and records the z-score range (Figure 1) (20).

In a study on the usability and performance characteristics of MUAC z-score tape in a real-world clinical setting (20), perceptions of overall ease of use, efficiency, convenience and acceptability of the device were reported to significantly increase with increasing user experience, and the device was considered preferable to the conventional methods of obtaining MUAC z-score (20).

In another study on the effectiveness of a novel MUAC z-score tape to identify children over age 5 who would benefit from nutritional rehabilitation, a total of 818 MUAC z-score tape measurements obtained by 112 community health volunteers were assessed (21). MUAC z-scores were reported to identify 87.1% (27/31) of the malnourished (severe or moderate) children as determined by the BMI z-score as well as with an additional six children not classified as such by the BMI z-score (21). Volunteers reported moderate rates of interpreting the nutritional risk using the tape, and 62.5% considered the tape easy to use (21). The authors suggested that with more in-depth training, the MUAC z-score tape is a practical, economic and low-burden alternative for community-level screening, enabling more convenient measurement tool than conventional method which requires calculating BMI, converting the BMI to an age- and gender-relevant z-score, and assigning the related nutritional risk (21). Nonetheless, given that only about half of the children with severe acute malnutrition were identified by both methods, the disagreement is considered to be more likely for more extreme values (21). This supports the previous observation in United States. children indicated that z-score thresholds may require refinement for an improved concordance (18).

Although the anthropometric z-scores used in diagnosis and classification of malnutrition, specifically BMI, WFL and MUAC z-scores, are not exactly concordant, the thresholds proposed for classification are identical (62). Indeed, the sensitivity of proposed MUAC z-score thresholds was reported to systematically decrease with increasing severity of malnutrition, emphasizing the need for optimization to decrease the risk of misclassification and for further complementary data from longitudinal studies (62).

Accordingly, while the MUAC z-score tape seems to meet the criteria of a desirable (i.e., inexpensive, noninvasive, easy to implement) pediatric malnutrition screening tool (20, 63), it has yet to be evaluated in larger populations by increasing the accessibility to device not only for community health workers and volunteers but also in the hospital setting (21, 32).



6. Utility of MUAC z-score tape in neurologically disabled children

A significant proportion of neurologically disabled children, particularly those with severe and longer-term gross motor impairment and oropharyngeal dysfunction, are considered to be at high risk of poor nutritional status (23–25, 64, 65). The primary neurological insult in these children adversely affects not only the physical and mental capacity but also the enteric neural pathways and compromise the adequate nutrient intake by causing, vomiting, dysphagia swallowing deficits, gastroesophageal reflux, aspiration and constipation. Hence, functional feeding disorders and gastrointestinal dysfunction play a major role in the onset of malnutrition in neurologically disabled children (24, 65–67). Malnutrition itself has also been associated with further risk of poor health outcomes, respiratory and cardiac dysfunction and mortality (64, 65, 68, 69). Accordingly, screening for nutritional status and early recognition and management of malnutrition is considered essential for the optimal care in neurologically disabled children, particularly in those with CP, known as the most prevalent cause of motor disability in children (23, 24, 27, 64, 65).

However, the challenges inherent in anthropometry in children with CP due to joint contractures, muscle atrophy and movement disorders complicate the nutritional assessment by decreasing the likelihood of obtaining reliable measurements of basic anthropometric data (24, 26–28). The consequent risk of incorrect interpretation and analysis of data prevents the correct identification of children at risk of malnutrition (24, 26–28). Besides, evaluation of these children with reference standards for healthy children is also problematic given the high prevalence of linear growth retardation and/or an altered body composition in this population, and there remains a risk of misestimating the nutritional status with any tool, unless the specific charts for this population are used (26, 28). Using the reference of the National Center for Health Statistics of the CDC (NCHS/CDC) in children with CP was reported to be associated with excessively increased (80%) rate of probable malnutrition (70). Notably, in a study from Turkey in 1,108 children with CP, the prevalence of malnutrition was reported to be 57.2% based on physicians' clinical judgment, whereas to be 94.3% (3rd degree in 86.7%) and 91.3% (severe in 88.3%) according to Gomez classification of WFA percentiles and Waterlow classification of HFA percentiles, respectively (24). The authors indicated high prevalence of malnutrition in children with CP, especially in those with higher levels of gross motor dysfunction, while they also emphasized that use of growth charts for general pediatric population for anthropometric assessment may lead to overestimation of malnutrition in children with CP (23). Likewise, other studies also reported that use of anthropometric charts for healthy children in assessing the nutritional status in children with CP reveals malnutrition rates ranging between 40% and 90%, depending on the study population and anthropometric tool (23, 71–73).

Accordingly, given the weak correlation between standard growth charts and specific references for CP, particularly in case of higher severity of motor impairment, using curves with special reference standards for CP population is considered important in nutritional screening of children with CP, while the existing CP growth charts are not recommended in clinical practice (24, 26, 28, 40, 64, 72, 74, 75). Therefore, there is still room for improvement in nutritional rehabilitation practice among children with CP in terms of assessment tools that enable developing more realistic nutritional goals in accordance with the accurately identified anthropometric profile (24, 40, 64, 75).

The nutritional assessment of neurologically disabled children is based on low WFH/l, low TSFT, and low mid-upper arm fat or muscle area according to European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) guidelines, which is time-consuming and requires trained staff (40, 74). In children older than 2 years with CP, obtaining weight by direct measurement becomes more difficult due to lack of balance and the motor compromise preventing them to stay still on a regular scale, particularly in low- and middle-income countries with limited access to wheelchair adapted scales or even regular scales (76).

MUAC, a segmental measure indirectly assessing growth and changes in caloric and protein intake, uses the fat, bone, and muscle area of the arm as an indirect measure to evaluate body weight (24, 76, 77). Accordingly, using circumferences, primarily MUAC, in combination with other methods has consistently been recommended in children with CP (40).

Notably, in a past study on development of an equation to estimate weight in children with CP, MUAC was reported to be significantly correlated with the weight in males (q = 0.87, 0.83–0.90, R2 = 0.81, p < 0.001) and in females (q = 0.88, 0.83–0.91, R2 = 0.79, p < 0.001), while both weight (mean 31.9 vs. 25.6 kg, p < 0.001) and MUAC (mean 20.8 vs. 19.0 cm, p < 0.001) values were significantly higher in children with GMFCS level I-III than in those with GMFCS level IV-V (76).The authors indicated the age and GMFCS level to be the variables that best adjust the results of the equation to predict weight (76). Hence, combined use of MUAC, age, and GMFCS level is suggested to accurately predict weight in children and adolescents with CP from 2 to 19 years of age (76). Online weight calculator programs (http://inicye.webs.fcm.unc.edu.ar/weight-calculator-cp/) for the weight estimation in children with CP are also based on entry of age, GMFCS level and MUAC data.

In a study with 68 neurologically disabled children (aged 1-17 years, 83.8% with CP), assessment of anthropometry (weight, height, triceps skinfold thickness [TSFT], MUAC) expressed as z-scores revealed the presence of poor nutritional status in 49.5% of patients overall (66). Although MUAC can estimate muscle mass in standard equations, since its use has not been validated in CP, it can underestimate muscle mass in children with such disabilities (65, 78). The assessments based on the “low MUAC” as compared with those based on “low WFH z-score” were reported to identify severe malnutrition in a considerably lower percentage of children (79, 80). These problematic characteristic of MUAC should be further investigated by comparative studies in larger cohorts of children with CP to clarify whether it represents a sufficiently sensitive tool in CP population.

Single-step MUAC z-score tape in children with CP seems to provide a faster, easier and more reliable anthropometric assessment tool given the challenges in obtaining reliable measurements of weight, height, and BMI in these children with joint contractures, muscle atrophy, and movement disorders. In addition, serial MUAC z-scores are considered to better reflect the change in nutritional status overtime than BMI or weight change (55). Along with the likelihood of accurately estimating weight based on MUAC, age, and GMFCS level in children with CP (76), these features seem to indicate potential utility of MUAC z-score tape in diagnosis of malnutrition as well as monitoring the treatment outcomes in children with CP. However, there are areas that mandate further research such as the adaptability and/or consistency of MUAC z-scores defined on the tape in classifying malnutrition in children with CP as well as the identification of most appropriate additional criteria supporting the MUAC z-score-based diagnosis in this population.

The specific growth charts available for children with CP are also questionable, given that CP is commonly diagnosed after 1 year of age, while the earlier diagnosis of malnutrition and provision of nutritional support is particularly important within the first 2 years of life. Hence, growth charts specific for children with CP will be clinically meaningful and useful only if nutritional support is provided in the earliest possible time period in malnourished children regardless of the time of CP diagnosis. Besides, given the high prevalence of malnutrition in CP which challenges the determination of normal reference values in this population, use of normal reference data with targets specified for CP population seems more reasonable.



7. Conclusion

In conclusion, this review by pediatric gastroenterology-hepatology-nutrition and pediatric neurology experts emphasizes that MUAC z-scores correlate with WFH/l and BMI z-scores in diagnosing malnutrition, while offer a higher sensitivity to diagnose the mild-to-moderate malnutrition, more reliable data in case difficulty in obtaining anthropometric measurements or in the presence of ascites and edema and better ability to track the changes in nutritional status over time than the other single datapoint measurements. These features combined with the further advantages offered by MUAC z-tape (single-step estimation of nutritional status, as defined by z-score, for any child, at any age, across a broad weight range, without formal training or the need for ancillary reference charts and calculators) seems to indicate that using MUAC z-score tape as an independent single datapoint anthropometry tool may increase the likelihood of diagnosing pediatric malnutrition in larger and/or special populations. The likelihood of accurately estimating weight based on MUAC, age and GMFCS level in children and adolescents with CP and better reflection of the change in nutritional status overtime via MUAC z-scores than BMI or weight change, the single-step MUAC z-score tape seems to be a valuable tool in diagnosing malnutrition and monitoring treatment in children with CP. Accordingly, further implementation of MUAC z-score screening in larger-scale and/or special populations is necessary to justify its utility in relation to other primary indicators of single data point anthropometry in diagnosis of malnutrition as well as in treatment monitoring in the community and hospital setting.



Author contributions

All authors contributed equally to work. HO had primary responsibility for the manuscript preparation. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by Abbott Nutrition Turkey which played a role in the organization of expert panel meetings including the invitation of participants and compensation for the time and transport expenses of the experts. Abbott Nutrition Turkey had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. Editorial support was provided by KAPPA Consultancy Training Research Ltd., Istanbul, Turkey (supported by Abbott Nutrition Turkey).



Acknowledgments

We thank to Aysugul Alptekin Sarioglu, M.D. and Simge Erdogan, R.D. from Abbott Nutrition Turkey for their valuable technical support on this project.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. World Health Organization. Guideline: Updates on the management of severe acute malnutrition in infants and children (2013). https://www.ncbi.nlm.nih.gov/books/NBK190328/[Accessed March 15, 2022].

2. Corkins MR. Why is diagnosing pediatric malnutrition important? Nutr Clin Practice. (2017) 32:15–8. doi: 10.1177/0884533616678767

3. Norman K, Pichard C, Lochs H, Pirlich M. Prognostic impact of disease-related malnutrition. Clin Nutr. (2008) 27:5–15. doi: 10.1016/j.clnu.2007.10.007

4. Selimoğlu MA, Aydoğdu S, ÇulluÇokuğraş F, Doğan Y, Kansu A, Kuloğlu Z, et al. Consensus statement on provision of appropriate nutritional support in the management of childhood malnutrition: a Turkey perspective. Clin Sci Nutr. (2020) 2:85–96. doi: 10.5152/ClinSciNutr.2021.1016

5. Childhood Acute Illness and Nutrition (CHAIN) Network. Childhood mortality during and after acute illness in Africa and south Asia: a prospective cohort study. Lancet Glob Health. (2022) 10:e673–84. doi: 10.1016/S2214-109X(22)00118-8

6. Lelijveld N, Seal A, Wells JC, Kirkby J, Opondo C, Chimwezi E, et al. Chronic disease outcomes after severe acute malnutrition in Malawian children (ChroSAM): a cohort study. Lancet Glob Health. (2016) 4:654–62. doi: 10.1016/S2214-109X(16)30133-4

7. GBD 2019 Under-5 Mortality Collaborators. Global, regional, and national progress towards sustainable development goal 3.2 for neonatal and child health: all-cause and cause-specific mortality findings from the global burden of disease study 2019. Lancet. (2021) 398:870–905. doi: 10.1016/S0140-6736(21)01207-1

8. Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al. Maternal and child undernutrition: consequences for adult health and human capital. Lancet. (2008) 371:340–57. doi: 10.1016/S0140-6736(07)61692-4. Erratum in: Lancet (2008) 371:302.18206223

9. Martins VJ, Toledo Florêncio TM, Grillo LP, do Carmo P, Franco M, Martins PA, et al. Long-lasting effects of undernutrition. Int J Environ Res Public Heal. (2011) 8:1817–46. doi: 10.3390/ijerph8061817

10. Venables PH, Raine A. The impact of malnutrition on intelligence at 3 and 11 years of age: the mediating role of temperament. Dev Psychol. (2016) 52:205–20. doi: 10.1037/dev0000046

11. Mwene-Batu P, Bisimwa G, Baguma M, Chabwine J, Bapolisi A, Chimanuka C, et al. Long-term effects of severe acute malnutrition during childhood on adult cognitive, academic and behavioural development in African fragile countries: the lwiro cohort study in democratic republic of the Congo. PLoS One. (2020) 15:e0244486. doi: 10.1371/journal.pone.0244486

12. Beer SS, Juarez MD, Vega MW, Canada NL. Pediatric malnutrition: putting the new definition and standards into practice. Nutr Clin Pract. (2015) 30:609–24. doi: 10.1177/0884533615600423

13. World Health Organization. Guideline: Assessing and Managing Children at Primary Health-Care Facilities to Prevent Overweight and Obesity in the Context of the Double Burden of Malnutrition: Updates for the Integrated Management of Childhood Illness (IMCI) (2017). https://www.ncbi.nlm.nih.gov/books/NBK487902/[Accessed March 11, 2022].

14. Mehta NM, Corkins MR, Lyman B, Malone A, Goday PS, Carney LN, et al. Defining pediatric malnutrition: a paradigm shift toward etiology-related definitions. JPEN J Parenter Enteral Nutr. (2013) 37:460–81. doi: 10.1177/0148607113479972

15. Becker PJ, Nieman Carney L, Corkins MR, Monczka J, Smith E, Smith SE, et al. Consensus statement of the academy of nutrition and dietetics/American society for parenteral and enteral nutrition: indicators recommended for the identification and documentation of pediatric malnutrition (undernutrition). J Acad Nutr Diet. (2014) 114:1988–2000. doi: 10.1177/0884533614557642

16. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO growth reference for school-aged children and adolescents. Bull World Health Organ. (2007) 85:660–7. doi: 10.2471/blt.07.043497

17. Mramba L, Ngari M, Mwangome M, Muchai L, Bauni E, Walker AS, et al. A growth reference for mid upper arm circumference for age among school age children and adolescents, and validation for mortality: growth curve construction and longitudinal cohort study. Br Med J. (2017) 358:j3423. doi: 10.1136/bmj.j3423

18. Stephens K, Escobar A, Jennison EN, Vaughn L, Sullivan R, Abdel-Rahman S, et al. Evaluating mid-upper arm circumference Z-score as a determinant of nutrition Status. Nutr Clin Pract. (2018) 33:124–32. doi: 10.1002/ncp.10018

19. Abdel-Rahman SM, Bi C, Thaete K. Construction of lambda, mu, sigma values for determining mid-upper arm circumference z scores in U.S. Children aged 2 months through 18 years. Nutr Clin Pract. (2017) 32:68–76. doi: 10.1177/0884533616676597

20. Thaete K, Rowzer K, Stephens K, Abdel-Rahman SM. User-Informed medical device development: a case study for pediatric malnutrition assessment. Glob Pediatr Health. (2019) 6:2333794X19861575. doi: 10.1177/2333794X19861575

21. Miller MA, Mallory K, Escobedo M, Tarot AC, Abdel-Rahman S. Assessing effectiveness of a novel mid-upper arm circumference Z-score tape in a community setting in Guatemala. Arch Public Health. (2019) 77:44. doi: 10.1186/s13690-019-0370-0

22. Van Tonder E, Mace L, Steenkamp L, Tydeman-Edwards R, Gerber K, Friskin D. Mid-upper arm circumference (MUAC) as a feasible tool in detecting adult malnutrition. S Afr J Clin Nutr. (2019) 32:93–8. doi: 10.1080/16070658.2018.1484622

23. Tekin H, Tekgül H, Yılmaz S, Arslangiray D, Reyhan H, Serdaroğlu G, et al. Prevalence and severity of malnutrition in pediatric neurology outpatients with respect to underlying diagnosis and comorbid nutrition and feeding related problems. Turk J Pediatr. (2018) 60:709–17. doi: 10.24953/turkjped.2018.06.012

24. Aydin K. Turkish cerebral palsy study group. A multicenter cross-sectional study to evaluate the clinical characteristics and nutritional status of children with cerebral palsy. Clin Nutr ESPEN. (2018) 26:27–34. doi: 10.1016/j.clnesp.2018.05.002

25. Quitadamo P, Thapar N, Staiano A, Borrelli O. Gastrointestinal and nutritional problems in neurologically impaired children. Eur J Paediatr Neurol. (2016) 20:810–5. doi: 10.1016/j.ejpn.2016.05.019

26. Araújo LA, Silva LR. Anthropometric assessment of patients with cerebral palsy: which curves are more appropriate? J Pediatr (Rio J). (2013) 89:307–14. doi: 10.1016/j.jped.2012.11.008

27. Tomoum HY, Badawy NB, Hassan NE, Alian KM. Anthropometry and body composition analysis in children with cerebral palsy. Clin Nutr. (2010) 29:477–81. doi: 10.1016/j.clnu.2009.10.009

28. García Iñiguez JA, Vásquez-Garibay EM, García Contreras A, Romero-Velarde E, Troyo Sanromán R. Assessment of anthropometric indicators in children with cerebral palsy according to the type of motor dysfunction and reference standard. Nutr Hosp. (2017) 34:315–22. doi: 10.20960/nh.353

29. World Health Organization. Training Course on Child Growth Assessment (2008). https://www.who.int/publications/i/item/9789241595070[Accessed March 15, 2022].

30. United Nations Children's Fund (UNICEF), World Health Organization, International Bank for Reconstruction and Development/The World Bank. Levels and trends in child malnutrition: key findings of the 2021 edition of the joint child malnutrition estimates (2021). https://www.who.int/publications/i/item/9789240025257[Accessed March 25, 2022].

31. Hacettepe University Institute of Population Studies. 2018 Turkey Demographic and Health Survey (2019). http://www.sck.gov.tr/wp-content/uploads/2020/08/TNSA2018_ana_Rapor.pdf[Accessed June 17, 2022].

32. Bliss J, Lelijveld N, Briend A, Kerac M, Manary M, McGrath M, et al. Use of mid-upper arm circumference by novel community platforms to detect, diagnose, and treat severe acute malnutrition in children: a systematic review. Glob Health Sci Pract. (2018) 6:552–64. doi: 10.9745/GHSP-D-18-00105

33. Grant A, Njiru J, Okoth E, Awino I, Briend A, Murage S, et al. Comparing performance of mothers using simplified mid-upper arm circumference (MUAC) classification devices with an improved MUAC insertion tape in isiolo county, Kenya. Arch Public Health. (2018) 76:11. doi: 10.1186/s13690-018-0260-x

34. Rana R, Barthorp H, McGrath M, Kerac M, Myatt M. Mid-Upper arm circumference Tapes and measurement discrepancies: time to standardize product specifications and reporting. Glob Health Sci Pract. (2021) 9:1011–4. doi: 10.9745/GHSP-D-21-00273

35. Briend A, Alvarez JL, Avril N, Bahwere P, Bailey J, Berkley J, et al. Low mid-upper arm circumference identifies children with a high risk of death who should be the priority target for treatment. BMC Nutr. (2016) 2:63. doi: 10.1186/s40795-016-0101-7

36. Kumar P, Bijalwan V, Patil N, Daniel A, Sinha R, Dua R, et al. Comparison between weight-for-height Z-score and mid upper arm circumference to diagnose children with acute malnutrition in five districts in India. Indian J Community Med. (2018) 43:190–4. doi: 10.4103/ijcm.IJCM_310_17

37. Fernandez MA, Delchevalerie P, Van Herp M. Accuracy of MUAC in the detection of severe wasting with the new WHO growth standards. Pediatrics. (2010) 126:e195–201. doi: 10.1542/peds.2009-2175

38. World Health Organization. WHO Child Growth Standards and the Identification of Severe Acute Malnutrition in Infants and Children. A Joint Statement by the World Health Organization and the United Nations Children's Fund (2009). http://www.who.int/nutrition/publications/severemalnutrition/9789241598163/en/[Accessed March 15, 2022].

39. Myatt M, Khara T, Collins S. A review of methods to detect cases of severely malnourished children in the community for their admission into community-based therapeutic care programs. Food Nutr Bull. (2006) 27(3 Suppl):S7–23. doi: 10.1177/15648265060273S302

40. Sørensen SJ, Brekke G, Kok K, Sørensen JL, Born AP, Mølgaard C, et al. Nutritional screening of children and adolescents with cerebral palsy: a scoping review. Dev Med Child Neurol. (2021) 63:1374–81. doi: 10.1111/dmcn.14981

41. Alam N, Wojtyniak B, Rahaman MM. Anthropometric indicators and risk of death. Am J Clin Nutr. (1989) 49:884-8. doi: doi: 10.1093/ajcn/49.5.884

42. Katz J, West Jr KP, Tarwotjo I, Sommer A. The importance of age in evaluating anthropometric indices for predicting mortality. Am J Epidemiol. (1989) 130:1219-26. doi: doi: 10.1093/oxfordjournals.aje.a115450

43. Briend A, Maire B, Fontaine O, Garenne M. Mid-upper arm circumference and weight-for-height to identify high-risk malnourished under-five children. Matern Child Nutr. (2012) 8:130-3. doi: doi: 10.1111/j.1740-8709.2011.00340.x

44. Binns P, Dale N, Hoq M, Banda C, Myatt M. Relationship between mid upper arm circumference and weight changes in children aged 6–59 months. Arch Public Health. (2015) 73:54. doi: doi: 10.1186/s13690-015-0103-y

45. Burza S, Mahajan R, Marino E, Sunyoto T, Shandilya C, Tabrez M, et al.. Community-based management of severe acute malnutrition in India: new evidence from Bihar. Am J Clin Nutr. (2015) 101:847-59. doi: doi: 10.3945/ajcn.114.093294

46. Cazes C, Phelan K, Hubert V, Boubacar H, Bozama LI, Sakubu GT, et al.. Simplifying and optimising the management of uncomplicated acute malnutrition in children aged 6-59 months in the Democratic Republic of the Congo (OptiMA-DRC): a non-inferiority, randomised controlled trial. Lancet Glob Health. (2022) 10:e510-20. doi: doi: 10.1016/S2214-109X(22)00041-9

47. Alé FGB, Phelan KPQ, Issa H, Defourny I, Le Duc G, Harczi G, et al.. Mothers screening for malnutrition by mid-upper arm circumference is non-inferior to community health workers: results from a large-scale pragmatic trial in rural niger. Arch Public Health. (2016) 74:38. doi: doi: 10.1186/s13690-016-0149-5

48. Schweizer J, Gerver WJ. Mid-upper arm circumference is a reliable predictor of body-mass index in healthy Dutch children. J Pediatr Gastroenterol Nutr. (2005) 40:695.

49. Martin AC, Pascoe EM, Forbes DA. Monitoring nutritional status accurately and reliably in adolescents with anorexia nervosa. J Paediatr Child Health. (2009) 45:53-7. doi: doi: 10.1111/j.1440-1754.2008.01427.x

50. Powell-Tuck J, Hennessy EM. A comparison of mid upper arm circumference, body mass index and weight loss as indices of undernutrition in acutely hospitalized patients. Clin Nutr. (2003) 22:307-12. doi: doi: 10.1016/s0261-5614(03)00009-8

51. Sodemann M, Rodrigues A, et al.. Mid-upper-arm-circumference and mid-upper-arm circumference z-score: The best predictor of mortality? Eur J Clin Nutr. (2012) 66:998-1003. doi: doi: 10.1038/ejcn.2012.95

52. Roberfroid D, Hammami N, Lachat C, Weise Prinzo Z, Sibson V, Guesdon B, et al.. Utilization of mid-upper arm circumference versus weight-for-height in nutritional rehabilitation programmes: a systematic review of evidence (2013). Available from: http://hdl.handle.net/1854/LU-5700355 [Accessed March 15, 2022].

53. Prentice AM, Berkley JA. Mid-upper arm circumference at age of routine infant vaccination to identify infants at elevated risk of death: a retrospective cohort study in the Gambia. Bull World Health Organ. (2012) 90:887-94. doi: doi: 10.2471/BLT.12.109009

54. Zehra M, Saleem A, Kazi Z, Parkar S. Mid-Upper Arm Circumference Assessment and Comparison With Weight for Length Z-Score in Infants ?6 Months as an Indicator of Severe Acute Malnutrition. Cureus. (2021) 13:e18167. doi: doi: 10.7759/cureus.18167

55. Phong RY, Taylor SL, Robinson BA, Jhawar S, Nandalike K. Utility of Mid-Upper Arm Circumference in Diagnosing Malnutrition in Children With Cystic Fibrosis. Nutr Clin Pract. (2020) 35:1094-100. doi: doi: 10.1002/ncp.10593

56. Modi P, Nasrin S, Hawes M, Glavis-Bloom J, Alam NH, Hossain MI, et al.. Midupper Arm Circumference Outperforms Weight-Based Measures of Nutritional Status in Children with Diarrhea. J Nutr. (2015) 145:1582-7. doi: doi: 10.3945/jn.114.209718

57. Pelletier DL, Frongillo Jr EA, Schroeder DG, Habicht JP. The effects of malnutrition on child mortality in developing countries. Bull World Health Organ. (1995) 73:443–8. PMID: 7554015.7554015

58. Shoham J, Duffield A. Proceedings of the world health organization/UNICEF/world food programme/united nations high commissioner for refugees consultation on the management of moderate malnutrition in children under 5 years of age. Food Nutr Bull. (2009) 30(3 Suppl):S464–74. doi: 10.1177/15648265090303S306

59. Laillou A, Prak S, de Groot R, Whitney S, Conkle J, Horton L, et al. Optimal screening of children with acute malnutrition requires a change in current WHO guidelines as MUAC and WHZ identify different patient groups. PLoS One. (2014) 9:e101159. doi: 10.1371/journal.pone.0101159

60. Blackwell N, Myatt M, Allafort-Duverger T, Balogoun A, Ibrahim A, Briend A. Mothers understand and can do it (MUAC): a comparison of mothers and community health workers determining mid-upper arm circumference in 103 children aged from 6 months to 5 years. Arch Public Health. (2015) 73:26. doi: 10.1186/s13690-015-0074-z

61. Chou JH, Roumiantsev S, Singh R. Peditools electronic growth chart calculators: applications in clinical care, research, and quality improvement. J Med Internet Res. (2020) 22:e16204. doi: 10.2196/16204

62. Stephens K, Orlick M, Beattie S, Snell A, Munsterman K, Oladitan L, et al. Examining mid-upper arm circumference malnutrition z-score thresholds. Nutr Clin Pract. (2020) 35:344–52. doi: 10.1002/ncp.10324

63. White M, Lawson K, Ramsey R, Dennis N, Hutchinson Z, Soh XY, et al. Simple nutrition screening tool for pediatric inpatients. JPEN J Parenter Enteral Nutr. (2016) 40:392–8. doi: 10.1177/0148607114544321

64. Brooks J, Day S, Shavelle R, Strauss D. Low weight, morbidity, and mortality in children with cerebral palsy: new clinical growth charts. Pediatrics. (2011) 128:e299–307. doi: 10.1542/peds.2010-2801

65. Kuperminc M, Stevenson RD. Growth and nutrition disorders in children with cerebral palsy. Dev Disabil Res Rev. (2008) 14:137–46. doi: 10.1002/ddrr.14

66. Katseni V, Vargiami E, Karagiozoglou-Lampoudi T, Daskalou E, Zafeiriou D. Phenotype assessment in neurologically impaired paediatric patients: impact of a nutrition intervention protocol. Clin Nutr. (2021) 40:5734–41. doi: 10.1016/j.clnu.2021.10.011

67. Dahlseng MO, Finbråten AK, Júlíusson PB, Skranes J, Andersen G, Vik T. Feeding problems, growth and nutritional status in children with cerebral palsy. Acta Paediatr. (2012) 101:92–8. doi: 10.1111/j.1651-2227.2011.02412.x

68. Kerac M, Postels DG, Mallewa M, Alusine Jalloh A, Voskuijl WP, Groce N, et al. The interaction of malnutrition and neurologic disability in Africa. Semin Pediatr Neurol. (2014) 21:42–9. doi: 10.1016/j.spen.2014.01.003

69. Johnson A, Gambrah-Sampaney C, Khurana E, Baier J, Baranov E, Monokwane B, et al. Risk factors for malnutrition among children with cerebral palsy in Botswana. Pediatr Neurol. (2017) 70:50–5. doi: 10.1016/j.pediatrneurol.2017.02.003

70. Lorente Hurtado I. La parálisis cerebral. Actualización del concepto, diagnóstico y tratamiento. Pediatr Integral. (2007) XI(8):687–98. Available from: https://www.guiadisc.com/wp-content/uploads/2013/06/paralisis-cerebral-actualizacion-del-concepto-diagnostico-y-tratmiento.pdf

71. Soylu OB, Unalp A, Uran N, Dizdarer G, Ozgonul FO, Conku A, et al. Effect of nutritional support in children with spastic quadriplegia. Pediatr Neurol. (2008) 39:330–4. doi: 10.1016/j.pediatrneurol.2008.07.020

72. Wang F, Cai Q, Shi W, Jiang H, Li N, Ma D, et al. A cross-sectional survey of growth and nutritional status in children with cerebral palsy in west China. Pediatr Neurol. (2016) 58:90–7. doi: 10.1016/j.pediatrneurol.2016.01.002

73. Caram AL, Morcillo AM, Costa-Pinto EA. Nutritional status of children with cerebral palsy in a Brazilian tertiary care teaching hospital. Dev Med Child Neurol. (2008) 50:956. doi: 10.1111/j.1469-8749.2008.03128.x

74. Romano C, van Wynckel M, Hulst J, Broekaert I, Bronsky J, Dall'Oglio L, et al. European Society for paediatric gastroenterology, hepatology and nutrition guidelines for the evaluation and treatment of gastrointestinal and nutritional complications in children with neurological impairment. J Pediatr Gastroenterol Nutr. (2017) 65:242–64. doi: 10.1097/MPG.0000000000001646

75. Day SM, Strauss DJ, Vachon PJ, Rosenbloom L, Shavelle RM, Wu YW. Growth patterns in a population of children and adolescents with cerebral palsy. Dev Med Child Neurol. (2007) 49:167–71. doi: 10.1111/j.1469-8749.2007.00167.x

76. Ruiz Brunner MLM, Cieri ME, Butler C, Cuestas E. Development of equations and software for estimating weight in children with cerebral palsy. Dev Med Child Neurol. (2021) 63:860–5. doi: 10.1111/dmcn.14857

77. Henriquez-Perez G, Rached-Paoli I. Mid-arm circumference effectiveness for the nutritional screening of children in primary care. An Venez Nutr. (2011) 24:5–12. Available from: http://ve.scielo.org/scielo.php?pid=S0798-07522011000100002&script=sci_abstract&tlng=en

78. Mokhy MS, Jamaluddin R, Ismail AR, Siah WY, Sulaiman N, Adznam SN, et al. Anthropometry measurements to determine nutritional Status among cerebral palsy children: a scoping review. Mal J Med Health Sci. (2020) 16(SUPP6):213–8. Available from: https://medic.upm.edu.my/upload/dokumen/2020081208343628_MJMHS_0069_L.pdf

79. Polack S, Adams M, O'banion D, Baltussen M, Asante S, Kerac M, et al. Children with cerebral palsy in Ghana: malnutrition, feeding challenges, and caregiver quality of life. Dev Med Child Neurol. (2018) 60:914–21. doi: 10.1111/dmcn.13797

80. Kakooza-Mwesige A, Tumwine JK, Eliasson AC, Namusoke HK, Forssberg H. Malnutrition is common in Ugandan children with cerebral palsy, particularly those over the age of five and those who had neonatal complications. Acta Paediatr. (2015) 104:1259–68. doi: 10.1111/apa.13089



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The significance of MUAC z-scores in diagnosing pediatric malnutrition: A scoping review with special emphasis on neurologically disabled children

		1. Introduction



		2. Methods



		3. Pediatric malnutrition



		3.1. Definition, classification and prevalence of pediatric malnutrition



		3.2. Diagnosis of pediatric malnutrition (undernutrition): A shift from the use of percentiles to z-scores with single datapoint anthropometric measurement











		4. The significance of MUAC as a single datapoint measurement



		4.1. MUAC as an ideal malnutrition assessment tool



		4.2. MUAC in nutrition programming (screening, admission, monitoring recovery) and mortality prediction



		4.3. MUAC z-score in relation to WFH/l z-score and BMI z-score











		5. Assessment of MUAC z-score: traditional vs. z-score tape



		6. Utility of MUAC z-score tape in neurologically disabled children



		7. Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

The significance of MUAC
z-scores in diagnosing pediatric
malnutrition: A scoping review

with special emphasis on
neurologically disabled children





OPS/images/fped-11-1081139-t002.jpg
Property

Simplicity.

Acceptability

Objectivity

Precision
(reproducibility)
Reliability in case of No No Yes
difficulty in obtaining
anthropometric
measurements

Accuracy in the presence
of edema, ascites or
organomegaly

Sensitivity for diagnosing
mild-to-moderate
malnutrition

Sensitivity of serial
measurements to track

nutritional status over
time
Mortality prediction Weak and

Weak and Strong and

possibly age- possibly age- age-
dependent dependent independent
Formal training Recommended | Recommended | Not required
Equipment Scale: standing, sitting, hoist; Only
stadiometer; measuring tape; ‘measuring
anthropometric caliper tape.

WFA: weigl ge: WFH/L weight for MUAC: mid-upper arm
circumference






OPS/images/fped-11-1081139-t001.jpg
Mild
malnutrition

Single datapoint of anthropometry

Moderate
malnutrition

Severe
malnutrition

WEH/I z-score

MUAC z-score

3 or greater

Additional supportive criteria

Weight gain velocity (<2 y)

<75% of the

<50% of the
norm

<25% of the
norm

Weight loss (2 to 20 y)

75%

10%

Deceleration in WFH/I

z-score

Decline of 1
z-score

Decline of 2
2z-score

Decline of 3
2 score

Inadequate nutrient intake
(% of estimated energy/
protein need)

51% to 75%

26% to 50%

<25%

WFH/L weight for height/length; BMI: body mass index; MUAC:

D P

mid-upper arm






OPS/images/ld.jpg








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-11-1081139-g001.jpg
MUAC z-score tape

Coloripatter MUAC z-score range Risk status
[Esolid orange: 2103 Obese

[soid yellow 102 Ovenveight

[ sold green Oto1 Normal

7 Stiped green A0 Normal

22 striped yellow 2t0-1 Mild malnutrition
[Z] Striped orange. 3102 Moderate malnutrition

T stiiped red 4103 Severe malnutrition





