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Article 

Early Malnutrition Risk Detection for Quality Patient 
Care: An Analysis of Nutrition Risk Screening Tools 
in Kenyan Referral Hospitals 
Sophie Ochola and Mahat Mohamed * 

Kenyatta University, Kenya 
* Correspondence: majimo114@gmail.com 

Highlights 

This study compared the prevalence of hospital malnutrition and evaluated the validity of three 
Nutrition Risk Screening (NRS) tools: NRS-2002, Malnutrition Universal Screening Tool (MUST), and 
Malnutrition Screening Tool (MST) across three Kenyan national referral hospitals: Kenyatta 
National Hospital, Moi Teaching and Referral Hospital, and Kisii Teaching and Referral Hospital. 

Key Findings: 

 Compared the performance of three validated nutrition risk screening tools in Kenyan referral 
hospitals. 

 NRS-2002 identified the highest prevalence of malnutrition risk, while BMI reported the lowest. 
 The MUST demonstrated the best overall diagnostic performance, with the highest AUC value 

(0.82). 
 All tools showed high sensitivity but low specificity and limited agreement with BMI criteria. 

Implications of the main findings 

 Adopting the MUST as the standard screening tool can improve early detection and 
management of hospital malnutrition in Kenyan referral hospitals. 

 Context-specific validation of nutrition screening tools is essential to ensure accurate, evidence-
based nutritional care in low- and middle-income settings. 

Abstract 

Systematic reviews and original research articles should have a structured abstract of Background & 
objectives: Malnutrition is a prevalent condition linked to increased morbidity and mortality among 
hospitalized adult patients. This study assessed the effectiveness of three Nutrition Risk Screening 
(NRS) tools i.e. NRS-2002, Malnutrition Universal Screening Tool (MUST), and Malnutrition 
Screening Tool (MST) across Kenyatta National Hospital, Moi Teaching and Referral Hospital, and 
Kisii National Teaching and Referral Hospital in Kenya. Materials and Methods: A cross-sectional 
analytical design involved 420 adult inpatients screened within 24 hours of admission, using body 
mass index (BMI) as the reference standard. Results: Among hospitalized adults in three Kenyan 
referral hospitals, participants were predominantly middle-aged (median = 35.5 years). The NRS-
2002 identified the highest malnutrition risk prevalence (85.7%), followed by MST (71.7%) and MUST 
(51.0%), whereas BMI classified only 23.8% as at risk. Both NRS-2002 and MUST showed perfect 
sensitivity (1.000) but MUST demonstrated higher specificity (0.65) and superior diagnostic accuracy 
(AUC = 0.82). Agreement with BMI was low across all tools, though MUST showed the best overall 
consistency and balance between sensitivity and specificity. Conclusion: The study revealed 
significant variation in malnutrition risk detection across NRS tools. While NRS-2002 was highly 
sensitive, it tended to overestimate risk. The MUST demonstrated the best overall balance of 
sensitivity, specificity, and diagnostic accuracy. Adoption of the MUST as the standard screening tool 
in Kenyan referral hospitals is recommended to enhance early malnutrition detection and improve 
patient care outcomes. 
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1. Introduction 

The introduction should briefly place the study in a broad context and highlight why it is 
Malnutrition is among the most prevalent comorbidities in hospitalized patients, affecting 20–50% of 
this population globally [1–7] It is frequently associated with adverse clinical outcomes, including 
prolonged length of stay (LOS), poorer discharge status, and diminished quality of life [8–10] 
Malnutrition constitutes an independent risk factor for morbidity and mortality, imposes substantial 
burdens on healthcare systems, and has been shown to extend hospitalization duration in clinical 
care settings [8,9,12,13]. At least one-third of patients are malnourished upon admission; if untreated, 
approximately two-thirds of these patients experience further deterioration in nutritional status 
during hospitalization [14,15] Hospitalization costs increased by over 60% among patients with 
malnutrition, primarily due to extended LOS and expenses related to managing nutrition-related and 
medical complications [16,17]. Patients with malnutrition have a threefold greater risk of surgical site 
infection than well-nourished patients and are more likely to be readmitted within 15 days post-
discharge [19–21]. A study by Prof. Renée Blaauw  examining hospital malnutrition in the African 
continent, comparing South Africa, Kenya, and Ghana, demonstrated that malnutrition is highly 
prevalent and poses a serious threat to morbidity and mortality, contributing to prolonged 
hospitalization [22] Similar patterns have been reported in Turkey [23]. 

Despite the high prevalence of malnutrition among patients prior to admission, the condition is 
frequently neglected, undiagnosed, and untreated, earning the designation “the skeleton in the 
hospital closet” [24–28]. Low-cost strategies for identifying at-risk patients through validated 
Nutrition Risk Screening (NRS) tools and delivering adequate nutrition support hold significant 
potential to improve outcomes and reduce healthcare expenditures [29–32]. However, although 
multiple validated NRS tools exist, no consensus has been established regarding the most effective 
tool for identifying hospitalized patients at risk of malnutrition [33,34]. The application of these 
screening instruments has not been specifically evaluated in Kenyan healthcare facilities, a context 
characterized by high mortality rates among hospitalized patients [33]. There remains a paucity of 
data on NRS practices in East Africa, including Kenya, where most research has focused on 
nutritional status assessment without addressing NRS. The present study identified discrepancies 
among three NRS tools i.e. Nutrition Risk Screening Tool–2002 (NRS–2002), Malnutrition Universal 
Screening Tool (MUST), and Malnutrition Screening Tool (MST), in detecting patients who were 
malnourished or at risk of malnutrition.  

2. Materials and Methods 

2.1. Study Design and Variables 

This hospital-based, cross-sectional analytical study assessed nutritional risk among adult 
inpatients in three Kenyan National Referral Hospitals. Data were collected using three validated 
NRS tools: the NRS–2002, MUST, and MST. Independent variables representing malnutrition risk 
factors included recent unintentional weight loss, reduced food intake or appetite, and the presence 
of an acute disease condition. Dependent variables comprised the proportions of cases classified as 
at risk of malnutrition or normal according to each tool. Diagnostic performance was evaluated by 
calculating sensitivity, specificity, and receiver operating characteristic (ROC) curves. The European 
Society for Parenteral and Enteral Nutrition (ESPEN) diagnostic criterion for malnutrition, defined 
as body mass index (BMI) <18.5, served as the reference standard [35]. 
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2.2. Study Location and Target Population 

The study was conducted in the medical and surgical wards of Kenyatta National Hospital 
(KNH), Moi Teaching and Referral Hospital (MTRH), and Kisii Teaching and Referral Hospital 
(KTRH). These public facilities provide specialized medical services nationwide, receive referrals 
from all regions, and function as research and training centres for healthcare professionals. The study 
population comprised adult patients aged 18–64 years who were admitted to the medical and surgical 
wards within 24 hours of hospitalization.  

2.3. Exclusion Criteria 

Patients admitted for day cases, pregnant or breastfeeding females, individuals with moderate 
to severe edema, and bedridden patients were excluded to preserve the accuracy and validity of NRS. 
Patients hospitalized for <24 hours were excluded because comprehensive clinical assessments are 
not conducted during brief admissions, and detailed nutritional screening is not feasible within such 
encounters. Females who were pregnant or breastfeeding were excluded due to physiological 
changes, including fluid retention, altered body composition, and weight gain related to pregnancy 
and lactation. These factors compromise the accuracy of anthropometric measurements and reduce 
the reliability of standard adult screening tools. Bedridden patients were excluded because 
measuring body weight and height accurately is often impractical. Additionally, prolonged 
immobility and pre-existing conditions, such as muscle wasting or fluid retention, may alter body 
composition and limit BMI validity.  Patients with moderate to severe oedema experience fluid 
accumulation, artificially increasing body weight and potentially leading to underestimation of 
malnutrition risk when BMI is used. Individuals aged <18 years were excluded, as paediatric patients 
require age-specific and developmentally appropriate nutritional screening instruments. 

A total of 150 patients were excluded based on predefined criteria. Specifically, 40 patients were 
excluded due to being day case admissions, as they did not meet the minimum 24-hour hospital stay 
required for comprehensive clinical and nutritional screening for further assessment. The excluded 
were as follows:  

• Twenty-five women who were pregnant or breastfeeding were excluded.  
• Twenty patients with moderate to severe oedema were excluded.  
• Thirty bedridden patients  
• Twenty patients were excluded because their hospital stay was less than 24 hours 
• Fifteen individuals under the age of 18 were excluded, as the study focused solely on adult 

patients and required the use of age-appropriate nutritional assessment tools. 

A total of 500 patients were assessed for eligibility (Figure 3). 

2.4. Sample Size  

Sample size was determined using the formula for a single population proportion [36], with a 
95% confidence interval and 5% precision. A prevalence of malnutrition risk of 50% (0.5) was 
assumed to yield the maximum sample size, given the lack of prior studies in this context. An 
additional 5% was added to account for nonresponse. Finite population correction was applied to 
produce a sample proportional to the target population. 𝑛 =  ௓మ௉(ଵି௉)௘మ ; Where: 

N: Desired sample size 
e: Desired margin of error/desired precision (0.05) 
Z: Standard normal deviate at 95% confidence level (1.96) 
p: The prevalence of hospital malnutrition/nutritional risk in the target population was assumed 
to (0.5).  

There was no previous national study with a hospital malnutrition rate comparable to that of 
the study.  
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 =  (1.96)ଶ ×  0.5(1 − 0.5)(0.05)ଶ  

 =  385 patients 

A 5% nonresponse rate was incorporated into the final sample size, resulting in 420 patients 
equally allocated across three hospitals. Each facility enrolled 140 patients as follows: KNH (80 males, 
60 females), MTRH (60 males, 80 females), and KTRH (96 males, 44 females). 

2.5. Sampling Techniques  

The three public National Referral and Teaching Hospitals were purposively selected as they 
were the only gazetted level 6 public teaching and referral hospitals in Kenya, excluding the National 
Spinal Injury Referral Hospital, which was omitted due to its specialization in spinal injury cases. In 
each hospital, stratified random sampling was used to select males and females from the medical and 
surgical wards. Subsequently, patients were chosen through simple random sampling using a Table 
of Random Numbers from the list of patients admitted in the preceding 24 hours. Patients who 
provided consent were enrolled and screened within 24 hours of admission. This process continued 
daily until the required sample size was reached. 

2.6. Study Instruments and Data Collection 

All participants were screened within 24 hours of admission using the following NRS tools: 
NRS-2002, MUST, and MST. Relevant variables from each tool were recorded. Anthropometric data, 
including weight and height, were measured following standard procedures. Weight was recorded 
to the nearest 100 g using Seca 763 scales, and height was measured to the nearest 1 mm using a 
stadiometer. BMI was calculated using the formula BMI = kg/m2. BMI served as the reference 
standard for evaluating the performance of the screening tools, based on the ESPEN diagnostic 
criteria [35]. 

2.7. Reference Standard for the Study 

The study adopted BMI as the reference standard, applying the ESPEN diagnostic criterion for 
malnutrition, defined as BMI < 18.5 kg/m². This method aligns with several previous studies that 
utilized the same standard [5,35,37–39]. 

2.8. Data Quality Assurance 

Research assistants were selected from qualified nurses and nutritionists/dietitians and 
underwent a 3-day intensive training covering objectives, procedures, and interviewing techniques. 
All NRS tools used had been previously validated. To ensure accuracy in anthropometric 
measurements, data quality checks were conducted, including digit preference score analysis for 
weight and height to detect rounding errors. 

2.9. Data Analysis 

Data were initially organized in Excel and later imported into SPSS version 22 and STATA for 
analysis. The diagnostic performance of NRS-2002, MUST, and MST in identifying malnutrition risk 
among adult inpatients was assessed. Evaluation metrics included sensitivity (proportion of 
malnourished individuals correctly identified), specificity (proportion of well-nourished individuals 
correctly identified), positive predictive value (PPV: proportion of patients with a positive screening 
result who were malnourished), and negative predictive value (NPV: proportion of patients with a 
negative screening result who were truly well-nourished) [12,29,40–42]– interpretation of the scores 
is illustrated in Table 1. Inter-rater reliability was measured using Cohen’s kappa statistics, which 
evaluates agreement between raters using BMI as the reference standard. ROC curves were used to 
assess tool performance. The area under the curve (AUC) was interpreted as follows:  
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1) 0.90 ≤ AUC ≤ 1.00: Excellent performance 
2) 0.80 ≤ AUC < 0.90: Good performance 
3) 0.70 ≤ AUC < 0.80: Fair performance 
4) 0.60 ≤ AUC < 0.70: Poor performance 
5) 0.50 ≤ AUC < 0.60: Failure 

The ESPEN diagnostic criterion (BMI < 18.5) was used in previous studies [35]. Statistical 
significance was determined at α = 0.05, with p-values < 0.05 considered statistically significant (95% 
confidence intervals [CIs]).  

Table 1. Interpretation of screening tool validity and reliability. 

Validity High Moderate Low 

Sensitivity 

Specificity 

Negative predictive value 

Agreement (Cohens kappa) 

≥90% 

≥90% 

≥90% 

≥0.8 

70%–89% 

70%–89% 

70%–89% 

0.6–0.79 

<70% 

<70% 

<70% 

<0.6 

Source: Indicators (34; 43;44). 

Ethical Considerations 

Approval to conduct the research was granted by the Kenyatta University Graduate School ref. 
no. H87/37116/2017. This research was approved by the National Commission for Science, 
Technology, and Innovation (NACOSTI). no. NACOSTI/P/21/10259. Ethical approval was issued by 
Kenyatta University Ethical Review Committee (KUERC) vide approval. no. PKU/2187/I1331, and 
Kenyatta National Hospital-University of Nairobi (KNH-UON) Ethical Research Committee 
Research proposal vide ref. no. P547/07/2021, and the Moi Teaching Referral Hospital (MTRH) 
Institutional Research Ethics Committee (IREC) approval vide Ref. no. 0004112. The authority to 
conduct the research was in accordance with the respective ERC committees of KNH-UON 
(P547/07/2021), MTRH (ELD/MTRH/R&P/10/2/V.2/2010), and Kisii Teaching & Referral Hospital 
(KTRH) (ISERC/KTRH/002/22). 

3. Results 

3.1. Characteristics of the Study Participants 

The study population was generally middle-aged. The 25th percentile for age was 24 years, the 
median (50th percentile) was 35.5 years, and the 95th percentile was 65 years, indicating that most 
participants were between 18 and 40 years (Figure 1). At KTRH, participants were older (median age: 
45.5 years) compared to the overall population. In contrast, KNH and MTRH had younger 
distributions (median: 35.5 years), with similar upper age limits (95th percentile: 65 years). Overall, 
the three hospitals exhibited comparable demographic patterns, with a predominance of younger 
and middle-aged adults. 
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Figure 1. Cumulative Distribution & Percentiles by Age Group. 

3.2. Prevalence of Hospital Malnutrition Risk 

Malnutrition risk was assessed using the NRS-2002, MUST, and MST tools, in addition to BMI 
classification (Table 2a). 

• NRS-2002 identified the highest prevalence of malnutrition risk (85.7%), 
• MST indicated 71.7%, 
• MUST identified 51.0%, 
• While BMI classified only 23.8% as at risk. 

Across hospitals, NRS-2002 consistently detected the highest prevalence (85–86%), followed by 
MST (61–83%), and MUST (49–54%). BMI consistently reported the lowest rates (22–30%). 
Pairwise comparisons using McNemar’s test revealed statistically significant differences between 
tools (p < 0.0001), confirming variability in risk detection accuracy (Table 2b). 

Table 2a. Prevalence of hospital malnutrition risk estimated by different NRS tools and by ESPEN (BMI) 
criteria. 

Tool Category Proportions of normal and at-risk cases per facility 

Overall, N=420 KTRH, N=140 KNH, N=140 MTRH, N=140 

NRS-2002 Normal 

At-risk 

60 (14.3) 

360 (85.7) 

19 (13.6) 

121 (86.4) 

20 (14.3) 

120 (85.7) 

21 (15.0)  

119 (85.0) 

MUST Normal 

At-risk 

206 (49) 

214 (51) 

64 (45.7) 

76 (54.3) 

71 (50.7) 

69 (49.3) 

71 (50.7) 

69 (49.3) 

MST Normal 

At-risk 

119 (28.3) 

301 (71.7) 

54 (38.6) 

86 (61.4) 

41 (29.3) 

99 (70.7) 

24 (17.1) 

116 (82.9) 

BMI Normal 

At-risk 

320 (76.2) 

100 (23.8) 

109 (77.9) 

31 (22.1) 

101 (72.1) 

39 (29.9) 

108 (77.1) 

32 (22.9) 
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Table 2b. Pairwise comparison between NRS tools in determining malnutrition risk. 

Comparison P-Value 

NRS vs. MST 

NRS vs. MST 

MUST vs. MST 

<0.0001 

<0.0001 

<0.0001 

3.3. Evaluation of the Effectiveness of Nutritional Screening Tools 

The diagnostic performance of the three tools was assessed using sensitivity, specificity, PPV, 
NPV, and ROC curves (Table 3). 

• Sensitivity: NRS-2002 and MUST both achieved perfect sensitivity (1.000), while MST showed 
slightly lower sensitivity (0.8725). 

• Specificity: NRS-2002 had the lowest (0.1886), MST moderate (0.3333), and MUST the highest 
(0.6478). 

• Predictive Values: Both NRS-2002 and MUST had perfect NPV (1.000), while MUST recorded 
the highest PPV (0.4766). 

• ROC Analysis: MUST achieved the largest AUC (0.8239), indicating superior discriminative 
ability. MST (0.6029) and NRS-2002 (0.5943) performed comparatively lower (Figure 2). 

Overall, MUST demonstrated the best balance between sensitivity, specificity, and predictive 
accuracy. 

Table 3. Performance of NRS tools against BMI. 

 NRS-2002 MUST MST 

Se 

Sp 

NPV 

PPV 

AUC 

1.0000 (0.9645–1.0000) 

0.1886 (0.1457–0.2317) 

1.0000 (0.9404–1.0000) 

0.2833 (0.2373–0.3329) 

0.5943 (0.5728–0.6159) 

1.0000 (0.9645–1.0000) 

0.6478 (0.5925–0.7003) 

1.0000 (0.9823–1.0000) 

0.4766 (0.5953–0.7003) 

0.8239 (0.7976–0.8502) 

0.8725 (0.8078–0.9373) 

0.3333 (0.2817–0.3881) 

0.8907 (0.8347–0.9468) 

0.2956 (0.2441–0.3472) 

0.6029 (0.5613–0.6445) 

Note: 
• Reference = BMI 

• Se (sensitivity), Sp (specificity), Negative Predictive Value (NPV), Positive Predictive Value (PPV), AUC - Area under 

the receiver operating characteristic curve 

3.4. ROC Contrast Estimation – Comparison of NRS-2002, MUST, and MST 

ROC contrast estimation confirmed that MUST outperformed both NRS-2002 and MST in 
diagnosing malnutrition risk. 

• No significant difference was found between NRS-2002 and MST (p = 0.6996). 
• MUST vs. NRS-2002: positive contrast estimate (0.2296), indicating better diagnostic accuracy. 
• MUST vs. MST: positive estimate (0.2210, p < 0.05), showing significantly superior performance. 

These results further confirmed MUST’s higher AUC (0.8239) compared to MST (0.6029) and 
NRS-2002 (0.5943), reflecting its superior diagnostic capacity (Figure 2). 
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Figure 2. Receiver operating Characteristics Curves. 

 
Figure 3. Flowchart of Participant Selection and Exclusion Criteria. 

3.5. Agreement between NRS Tools and BMI 

Kappa statistics showed poor agreement between the screening tools and BMI classification 
(Tables 4 and 5). 

• NRS-2002: κ = 0.2115 (p = 0.001) 
• MUST: κ = 0.2539 (p < 0.0001) 
• MST: κ = 0.1254 (p < 0.001) 

Similarly, inter-tool agreement was low to slight: 

• NRS-2002 vs. MUST: κ = 0.2269 
• MUST vs. MST: κ = 0.2483 
• MST vs. NRS-2002: κ = 0.2269 

These findings indicate limited consistency among tools and between the screening instruments 
and BMI, reinforcing the need for tool selection suited to specific clinical contexts. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 October 2025 doi:10.20944/preprints202510.1900.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.1900.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 17 

 

Table 4. Agreement among the NRS tools and BMI based on k-statistics. 

Tool k-statistics P-value  Interpret 

NRS-2002 

MUST  

MST 

0.2115 (0.1061–0.3169)  

0.2539 (0.2008–0.3069)  

0.1254 (0.0290–0.1822)  

0.0011 

<0.0001 

<0.0001 

low 

low 

low 

Table 5. Agreement among the NRS tools based on k-statistics. 

 

Table 6. ROC Contrast Estimation. 

ROC Contrast Estimation and Testing Results by Row 

Contrast Estimate SE 95% Wald CLs Chi-Square Pr > χ2 

MST – NRS 2002 

MUST – NRS 002 

MUST – MST 

0.0086 

0.2296 

0.2210 

0.0223 

0.0149 

0.0213 

-0.0351 

0.2004 

0.1791 

0.0523 

0.2587 

0.2628 

0.1489 

238.8368 

107.2554 

0.6996 

<.0001 

<.0001 

4. Discussion 

This study revealed substantial disparities in the prevalence of malnutrition risk as assessed by 
three NRS tools. The reference criterion, (BMI), identified malnutrition in the smallest proportion of 
participants (23.8%). In contrast, the NRS-2002, MUST, and MST detected malnutrition risk in 85.7%, 
51%, and 71.7% of participants, respectively. The BMI reference standard demonstrated the lowest 
prevalence and posed the least risk of overestimation. These findings indicate notable variability in 
the tools’ performance. Moreover, the prevalence of malnutrition varies across tools, populations, 
and clinical settings [23,45]. 

NRS-2002 identified the highest malnutrition risk, whereas BMI revealed the lowest. Similar 
studies have reported high nutritional risk in diverse populations using different screening tools (35, 
46-49]. Conversely, other research has described lower prevalence rates, underscoring the 
inconsistency of tool performance across demographic groups and care settings [50]. NRS-2002 has 
been shown to frequently overestimate malnutrition risk among hospitalized patients [51,52]. Despite 
similarities between NRS-2002 and MUST, their differing evaluation criteria likely explain the 
variation in prevalence, as observed in prior studies [53]. Although praised for its sensitivity, the 
NRS-2002’s tendency to overestimate risk can result in unnecessary nutritional interventions, 
straining hospital resources and affecting patient care. Conversely, the BMI reference standard may 
fail to identify many patients at risk, potentially delaying intervention and leading to 
underestimation of malnutrition. 

The absence of consensus on an ideal NRS tool remains a barrier to standardized nutritional 
care. The ESPEN strongly recommends NRS-2002 based on its content validity, strength, and capacity 
to accurately diagnose and predict nutritional risk [7,54]. Despite concerns about overestimation, 
ESPEN endorses the NRS-2002; however, its application across diverse clinical environments remains 
contentious. The lack of a universally accepted screening tool is further reflected in inconsistent 
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findings across studies. Some research reports high nutritional risk prevalence with various NRS 
tools [46–49]. This discrepancy likely arises from differences in population characteristics, clinical 
contexts, and tool-specific criteria. For example, MUST and MST demonstrated differing prevalence 
rates, highlighting their distinct methodologies and evaluation standards [55]. 

Among the three tools, MUST exhibited the best overall performance, with high sensitivity, 
specificity, NPV, and the largest AUC. Although NRS-2002 achieved perfect sensitivity and NPV, it 
had low specificity and PPV, contributing to a higher rate of false positives. While widely 
implemented, NRS-2002 has been criticized for poor specificity [18,56]. MST demonstrated moderate 
sensitivity but had limitations in specificity and predictive accuracy. These findings suggest that 
although all three tools can identify malnutrition risk, their reliability varies, with MUST 
demonstrating the most balanced and effective performance in this analysis.  

This study found that NRS-2002 and MUST showed slight agreement, indicating limited 
consistency in patient classification. In contrast, MUST exhibited fair agreement, suggesting better 
reliability compared to the other tools. Agreement between MUST and MST, and between MST and 
NRS-2002, remained slight, demonstrating limited concordance among these pairs. The fair 
agreement with MUST underscores its potential as a more dependable screening instrument.  This 
inconsistency aligns with prior research [52,56]. Notably, the agreement between NRS-2002 and 
MUST in the present study corresponds to findings by Bellanti et al. [57]. In contrast, other 
investigations, including Neelemaat et al. [34], have reported higher specificity and sensitivity, 
possibly due to employing different reference standards. Misclassification remains a concern with 
NRS tools; earlier studies documented misclassification rates of 38% for NRS-2002 and 18% for MUST 
[17,18]. Overall, MUST demonstrated superior diagnostic accuracy in identifying patients at 
nutritional risk compared with NRS-2002 and MST. All three tools exhibited high NPVs, effectively 
identifying patients not at risk of malnutrition. However, low PPVs indicated their limitations in 
correctly classifying patients who were malnourished or at risk.  

The agreement between the nutritional screening tools and BMI was evaluated using Cohen's κ 
coefficient. NRS-2002 and MST demonstrated fair agreement with BMI, whereas MST exhibited no 
intra-researcher agreement. Significant statistical differences were identified between the tools and 
BMI (p<0.05). Agreement strength was fair between MST and NRS-2002 and between NRS-2002 and 
MUST, while it was moderate between MUST and MST. The AUC analysis for predicting 
malnutrition risk revealed no significant difference between NRS-2002 and MST (P=0.1489) but 
significant differences between NRS-2002 vs. MUST vs. MST (p<0.05). These findings align with 
previous studies indicating a lack of consensus on the optimal NRS tool [23,45,58–60]. Bellanti et al. 
[57] reported that MUST and NRS-2002 exhibit higher specificity, especially in older adults. 

ROC analysis showed that MUST achieved the best performance, with good AUC values 
compared to MST and NRS-2002, which demonstrated fair and poor values, respectively. Despite 
high NPVs (>89%), all three tools had low PPVs (<50%), consistent with findings from diverse hospital 
settings [55]. 

The study concluded that none of the three nutritional screening tools exhibited high statistical 
efficacy for predicting malnutrition because of limited validity. However, MUST demonstrated 
superior criterion validity compared to NRS-2002 and MST. Although ESPEN guidelines recommend 
NRS-2002 for hospital use, these results suggest that MUST may be more effective for malnutrition 
screening. The findings offer valuable insights for selecting appropriate tools to better identify and 
manage adult inpatients at risk of malnutrition. Further research is necessary to validate these 
findings across different populations and settings. The study’s specific focus on Kenyan national 
teaching and referral hospitals restricts generalizability, requiring additional research in other 
regions with similar contexts [59]. 

Despite the important contributions, this study had several limitations. First, it did not examine 
associations between nutritional risk and underlying disease conditions leading to hospitalization. 
Second, using BMI as the reference standard introduces potential bias, especially in patients with 
edema or fluid overload, as BMI may overestimate body fat in athletes and individuals with muscular 
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build and underestimate it in older adults and individuals with muscle loss. Although several studies 
have employed BMI as a reference standard [5,35,37–39], these studies also indicate that BMI often 
shows limited accuracy and underestimates risk in specific patient groups. BMI frequently 
underperforms as a standalone standard for nutritional risk or malnutrition. While BMI remains a 
convenient assessment tool, it is increasingly evident that nutritional screening tools should be 
validated against more robust standards or combined with complementary measures. Finally, this 
study assessed only three NRS tools, excluding other validated tools due to practical constraints. The 
research was limited to three Kenyan national teaching and referral hospitals, and the results may 
not be generalizable to other populations or settings. All pairwise comparisons demonstrated 
significant differences in malnutrition risk prevalence across tools.  

5. Conclusions 

This study assessed the prevalence of malnutrition among hospitalized adult patients in three 
Kenyan national teaching and referral hospitals using three NRS tools: the NRS-2002, MUST, and 
MST. Low prevalence rates identified by BMI may underestimate malnutrition risk and consequently 
delay necessary interventions. Although widely accepted as a reference standard, BMI might not be 
an ideal benchmark for NRS, as factors such as edema, hydration status, lean body mass, and adipose 
tissue can influence BMI values [61,62]. The largest discrepancy was observed between the NRS-2002 
and the MUST, suggesting that the MUST may fail to detect cases identified by the NRS-2002. While 
the NRS-2002 is the most sensitive, it is prone to overestimating malnutrition risk, which may strain 
hospital resources. These findings underscore the substantial variability in screening outcomes and 
indicate that tool selection directly affects the identification of at-risk patients. Selecting an 
appropriate NRS instrument suited to the clinical context and patient population is essential for 
accurate detection. Despite concerns regarding overestimation, the ESPEN strongly endorses the 
NRS-2002 [7,63]. Although simpler, the MST demonstrated limited accuracy in this setting. Variations 
in malnutrition prevalence across the tools may arise from their distinct methodologies, evaluation 
criteria, and differences in population demographics and clinical environments [43,55]. The results 
revealed significant differences in malnutrition risk identification. In this study, the MUST showed 
the most favorable overall performance, consistent with other research findings [64]. Although all 
tools demonstrated high sensitivity and NPV, their low specificity and limited correlation with BMI 
raise concerns about their ability to accurately identify malnutrition. While NRS-2002 is sensitive, it 
may overestimate risk, whereas the MUST provide a more balanced assessment. Considering its 
favorable balance of sensitivity and specificity, ease of application, and performance, MUST is 
recommended as the standard NRS instrument in similar hospital settings. Its adoption may facilitate 
timely, targeted nutritional interventions and improve patient outcomes. 

The study recommends the following: (a) Adopt the MUST as the primary screening tool for 
adult inpatients in Kenyan referral hospitals; (b) Develop implementation guidelines and protocols 
tailored to Kenyan clinical settings, integrating the MUST into routine hospital admission processes; 
and (c) Establish national nutrition screening policies reflecting evidence-based practices while 
allowing flexibility for context-driven tool selection to ensure timely and accurate risk detection. 

These findings highlight the importance of context-specific, evidence-based nutritional 
screening approaches. By adopting the MUST tool and supporting its integration into clinical 
workflows, healthcare systems in Kenya can strengthen nutritional care. The significant disparities 
among instruments underscore the absence of a universally optimal screening tool and reinforce the 
need for context-appropriate selection. Further research evaluating NRS tools across diverse patient 
demographics and clinical contexts in Kenya and other low- and middle-income countries is 
necessary to validate these results and advance evidence-based practice. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. 
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