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Abstract: Background: Malnutrition is a prevalent issue among cancer patients, negatively
impacting clinical outcomes and survival, emphasizing the need for effective nutritional screening
in this population. Methods: This study aimed to assess the performance of various nutritional
screening tools and their association with malnutrition, obesity, overweight, and hand grip strength
(HGS) in Mexican cancer outpatients. A cross-sectional study was conducted with 396 adult
outpatients at a public hospital in Mexico. Nutritional risk was evaluated using NRS-2002, MUST,
MST, NUTRISCORE, and PG-SGA, while malnutrition was determined through GLIM criteria and
PG-SGA. Anthropometric and demographic data were collected, and analyses included sensitivity,
specificity, and kappa coefficients for screening tool performance. Results: Nutritional risk was
identified in 22.7-26.5% of patients, with the highest agreement between MUST and PG-SGA
(k=0.64). Malnutrition prevalence was higher using GLIM criteria (37.4%) compared to PG-SGA
(25.8%, p<0.001). Additionally, a high prevalence of overweight (37.1%) and obesity (23.5%) was
observed in this patient population. Low BMI and reduced HGS were significantly associated with
nutritional risk and malnutrition (p<0.001). Conclusions: The findings indicate that MUST and PG-
SGA are reliable tools for nutritional screening in cancer outpatients, while GLIM criteria reveal a
higher prevalence of malnutrition. The elevated rates of obesity and overweight highlight the
unique nutritional challenges in cancer patients
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1. Introduction

Cancer represents a significant burden, with morbidity and mortality rates rising across the
globe [1]. Malnutrition is an unfortunate condition commonly observed in the oncology population
[2-5] and is acknowledged to be an important prognostic factor [6], with a high prevalence between
30% and 80% [7-11]. Malnutrition during cancer is associated with several complications, including
treatment toxicity, clinical complications, reduced physical function, longer hospital stays, higher
mortality rates [12-14], and is also associated with reduced handgrip strength (HGS) [15]. Therefore,
it is crucial to identify and treat patients at nutritional risk during the early stages of the disease and
throughout oncological treatment [16].

Nutritional screening (NS) aims to detect potential nutritional risk early, so that a more detailed
evaluation can be conducted if necessary. It is usually the first step in the nutritional care process and
should be performed within the first 24 to 48 hours of admission and repeated periodically, given the
nutritional deterioration associated with prolonged hospitalization [17,18]. NS is often overlooked
and limited by oncologists, caregivers and health institutions [13,19-22], resulting in over 50% of
patients at nutritional risk going unrecognized, and only one-third of patients at nutritional risk
receiving the nutritional support they need [22-24]. The European Society for Clinical Nutrition and
Metabolism (ESPEN) recommends the following tests in cancer patients: Nutritional Risk Screening
2002 (NRS-2002), Malnutrition Universal Screening Tool (MUST), the Mini Nutrition Assessment,
and the Malnutrition Screening Tool (MST) [8,25]. In addition, the Academy of Nutrition and
Dietetics recommends the use of the MST and MUST [5] in cancer patients. Recently, the
NUTRISCORE test, a novel nutritional screening tool designed for onco-hematologic outpatients,
includes questions regarding cancer site and active treatment and is now validated by ESPEN [26].

The Patient-Generated Subjective Global Assessment (PG-SGA) is considered the gold standard
for detecting malnutrition and/or malnutrition risk in cancer patients. It is supported by ESPEN and
the Oncology Nutrition Dietetic Practice Group of the American Dietetic Association [2,5,8,27,28]. It
has demonstrated high sensitivity and specificity for nutritional assessment in oncology settings but
not for nutritional screening [29-34]. Interestingly, the Global Leadership Initiative on Malnutrition
(GLIM) has recently put forth diagnostic criterion to standardize clinical practices in diagnosing
malnutrition within clinical settings by incorporating the assessment of disease burden and
inflammation, providing a more comprehensive approach to diagnosing malnutrition. The validation
of the GLIM criteria for the identification of malnutrition within an ambulatory oncology population,
as well as their predictive value concerning patient survival, has not been established yet, as only a
few studies have been conducted in the oncology population using these criteria [35]. The aim of this
study was to evaluate the performance of different nutritional screening tools in identifying
nutritional risk and their association with malnutrition, overweight, obesity, and HGS in Mexican
cancer outpatients, and to compare the prevalence of malnutrition identified by the GLIM criteria
and the PG-SGA in this population.

2. Materials and Methods

An observational cross-sectional study of adult patients receiving ambulatory anticancer
treatment during 2019-2023 at Hospital “Fray Antonio Alcalde” in Guadalajara, Mexico, was
conducted. Data collection and measurements were performed during medical follow-up of patients
in the oncologic ambulatory clinic by an accredited dietitian.

Participants: Inclusion criteria were as follows: a positive diagnosis of cancer, age 18 years or
older, ability to complete the process of nutritional screening and hand grip strength, willingness to
participate in the study. Patients were excluded from the study if they exhibited severe functional
impairment of vital organs, were receiving hospice treatment, or lacked the capacity to understand
the purpose of the study. These criteria were established to ensure the safety and appropriateness of
the study’s participants, as well as to protect their rights and welfare. Prior to participation, all
participants were fully informed about the study’s objectives upon admission.

Clinical data: All data were collected from the patient’s electronic health record and during
medical follow-up. This included anthropometric data such as height, weight, weight loss percentage
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in the previous month and 6 months, BMI, age, current treatment, consumption of nutritional
supplements, and HGS. Body weight was determined using a TANITA BC 601® scale. HGS was
measured using a Jamar hand dynamometer® (Sammons Preston Inc., Bolingbrook, IL, USA); the
measurements were conducted with the patient standing and with the elbow and wrist fully
extended. The measurements of both hands were taken twice with 5-second intervals, and means
were recorded. HGS was defined as the maximally measured grip strength of the dominant hand and
was considered reduced for values <16 kg in females and <27 kg in males [36].

GLIM criteria: The GLIM criteria represent a two-step model for the detection and diagnosis of
malnutrition. The initial step in the process is nutritional screening, conducted using a validated
screening test. The second step is to detect phenotypic criteria (non-volitional weight loss, low BMI,
and reduced muscle mass) and etiologic criteria (reduced food intake or assimilation and disease
burden/inflammation) in patients with nutritional risk [35]. Since cancer meets the etiological
criterion of the GLIM criteria, patients who meet one of the three phenotypic criteria (non-volitional
weight loss > 5% within the past 6 months or >10% beyond 6 months, low BMI <20 kg/m2 for patients
aged <70 years or <22 kg/m2 in patients aged >70 years, and reduced muscle mass) were diagnosed
with malnutrition. The remaining participants were categorized as well-nourished. PG-SGA: The PG-
SGA was derived from the Subjective Global Assessment (SGA) for the oncology population and is
considered the gold standard for this population [2,5,8,27,28]. This assessment test permits the
classification of patients into three categories: well-nourished (PG-SGA “A”), moderately nourished
with suspected risk for malnutrition (PG-SGA “B”), or severely malnourished (PG-SGA “C”). For
data analysis purposes, malnutrition was assumed with a score of B or C. The remaining participants
were classified as well-nourished. Nutritional Screening: Following established guidelines [37], all
participants were screened for malnutrition using the NRS-2002, MUST, MST, and NUTRISCORE.
All patients were reclassified as “at nutritional risk” if they had a score of 23 by the NRS-2002, a score
>2 by the MST, 21 according to MUST and >5 with NUTRISCORE.

Statistical analysis: Categorical variables are expressed as percentages and crude numbers, while
continuous variables are expressed as the mean * standard deviation (SD). Analysis was performed
using Student’s t-test or the Mann-Whitney nonparametric U test for quantitative data, and the chi-
square test or Fisher’s exact test for qualitative data. Statistical significance was defined as p < 0.05
(two-tailed). Statistical analyses were conducted using Excel 2020 (Microsoft, Redmond, WA, USA)
and IBM SPSS Statistics software (version 20 for Windows; IBM Corp., Armonk, NY, USA). To
compare GLIM with nutritional screening tests with the reference instrument (PG-SGA). Cohen’s
kappa coefficient (k) was calculated to measure the agreement between all tests, with 95% confidence
intervals (CI). The Shrout classification [38] was used to interpret values as follows: 0-0.1, virtually
none; 0.11-0.4, slight agreement; 0.41-0.6, fair agreement; 0.61-0.8, moderate agreement; and 0.81-1,
substantial agreement.

3. Results
3.1. Demographic and Clinical Data

The study sample included 396 patients, 72% of whom were female. The distribution of tumor
locations in the sample showed that breast cancer was the most prevalent, accounting for 39.2% of
cases, followed by colon and rectum cancer at 32.7%. Among the sample, 52.0% were undergoing
chemotherapy, while 39.4% were not receiving any treatment. The mean BMI was 26.2 + 5 kg/m?2.
Only 5.3% of patients were classified as undernourished, whereas 37.1% were overweight, and 23.5%
had obesity.

During the last month, a total of 168 individuals (42.4%) experienced weight loss. Among them,
147 individuals (37.1%) had moderate weight loss (<5%), while 21 individuals (5.3%) experienced
severe weight loss (>5%). Among all patients with weight loss, 64.3% had obesity or overweight and
a moderate weight loss was observed in 67.3% of them. A total of 245 patients (62.0% of the total)
were receiving treatment. Among them, 134 patients (56.1% of the treatment group) had obesity or
overweight, compared to 105 patients (43.9% of the non-treatment group) with obesity or overweight.
This difference was statistically significant (p=0.003). The mean HGS was 24.2 + 8.4 kg, with men
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showing significantly higher values than women (33.4 + 8.01 kg vs. 20.6 = 5.2 kg, respectively; p <
0.001). Low HGS was observed in 21.2% of patients, of whom 64.3% were female and 35.7% were
male.

Among patients without obesity, 36.5% had breast cancer, while 41.0% of patients with obesity
or overweight were diagnosed with breast cancer. Similarly, colon and rectum cancer was present in
30.8% of patients without obesity and 33.9% of those with obesity or overweight. Tumors in the head
and neck were rare, representing only 3.0% of the total, with an equal distribution between the two
groups. Liver, pancreas, and biliary tract tumors were slightly more frequent in patients without
obesity (7.7%) compared to those with obesity or overweight (2.5%), while gastric tumors showed a
balanced distribution of 5.8% and 3.8%, respectively. Tumors classified as “other” accounted for
15.9% of the total, with similar proportions in both groups. No statistically significant differences
were observed in tumor location between patients with and without obesity or overweight. All
results are shown in Table 1.

Antineoplastic treatment was administered to 67.3% of patients with moderate weight loss,
compared to 32.7% of patients without treatment who also experienced moderate weight loss
(p=0.028; 95% CI: 0.36, 0.14-0.92). Among all patients with weight loss, 8.9% were non-obese and did
not receive treatment, whereas 26.7% were non-obese and received treatment. In contrast, 26.7% of
patients with obesity/overweight were untreated, while 37.5% had obesity/overweight obese and
received treatment. This association was statistically significant (p<0.001).

Table 1. Patient characteristics.

Outpatient cancer patient characteristics

Variables n (%)
Age 51.2+13.2
Gender

Male 111 (28)
Female 285 (72)
Tumor localization

Breast 156 (39.4)
Colorectal 129 (32.6)
Other 63 (15.9)
Liver, pancreatic and biliary tract 18 (4.5)
Gastric 18 (4.5)
Head and neck 12 (3)
Actual treatment

chemotherapy and radiotherapy 24 (6.1)
chemotherapy 198 (50)
No current treatment 150 (37.9)
radiotherapy 9(2.3)
Mean BMI 26.2+5.06
BMI category

Obesity 93 (23.5)
Overweight 147 (37.1)
Normal BMI 135 (34.1)
Undernutrition 21 (5.3)
Mean HGS 242 +84
HGS category

Normal HGS 312 (78.8)

Low HGS 84 (21.2)


https://doi.org/10.20944/preprints202412.1149.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2024 d0i:10.20944/preprints202412.1149.v1

Weight loss in the last month

No 228 (57.6)
Yes 168 (42.4)
%WL in the last month

Moderate (<5) 147 (37.1)
Severe (>5) 21 (5.3)

Obesity/overweight in patients with
weight loss

No 60 (35.7)
Yes 108 (64.3)

Obesity/overweight in patients with
moderate weight loss in the last

month
No 48 (32.7)
Yes 99 (67.3)

Obesity/overweight in patients with
severe  weight loss in the last

month
No 12 (57.1)
Yes 9 (42.9)

BMLI: body mass index; HGS: hand grip strength.

3.2. Risk of Malnutrition and Malnutrition

The presence of malnutrition was identified in 25.8% of patients according to the PG-SGA,
whereas the GLIM criteria detected malnutrition in 37.4% of patients (p < 0.001), indicating moderate
agreement (k = 0.63). Regarding nutritional screening tools, NRS-2002 identified risk in 22.7% of
patients, NUTRISCORE in 12.9%, MUST in 25.8%, and MST in 26.5%. The PG-SGA and MUST
demonstrated moderate agreement (x = 0.64), while the GLIM criteria and MUST showed similar
moderate agreement (k = 0.68). The agreements observed among the other nutritional screening tests
ranged from slight to fair. The degree of concordance and the associated outcomes across the different
screening tools are summarized in Table 2.

Table 2. Results between screening tools and nutritional assessment.

NUTRISCOR
Test Result PG-SGA GLIM NRS-2002 MUST MST .
PG-SGA  kappa - 0.63 0.58 0.64 0.58 0.55
Sensitivit
- 93 73.3 73.5 68.6 94.1
y %
Specificity
o - 96.4 88.2 90.8 89.7 84.3
PPV % - 91.2 64.7 73.5 70.6 47.1
NPV % - 81.3 91.8 90.8 88.8 99
GLIM kappa 0.63 -- 0.53 0.68 0.61 0.32
Sensitivit
91.2 -- 87.7 96 88.5 88.2
y %
Specificity
81.3 -- 77.4 82.9 81 70.1

%
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PPV % 62.8 -- 53.3 66.2 62.8 30.4
NPV % 74.2 -- 77.2 74.2 73.4 87.1

PG-SGA: Patient-Generated Subjective Global Assessment; GLIM: Global Leadership Initiative on Malnutrition;
NRS-2002: Nutritional Risk Screening-2002; MUST: Malnutrition Universal Screening Tool; PPV: Positive
Predictive Value; NPV: Negative Predictive Value.

Patients without obesity were consistently identified as being at higher risk of malnutrition
compared to those with obesity across various nutritional screening tools. The GLIM criteria detected
malnutrition in 49.4% of patients without obesity versus 29.7% of those with obesity (p < 0.001).
Similarly, other tools, such as PG-SGA, NRS-2002, MUST, and NUTRISCORE, reported higher
malnutrition risk among patients without obesity, with statistically significant differences (p < 0.05).
However, the MST tool showed no significant difference in risk between the groups. These results
highlight the potential limitations of standard nutritional screening tools in accurately assessing
malnutrition risk in patients with obesity or overweight, likely due to differences in body
composition and clinical presentation. Results can be observed in Table 3.

Table 3. Differences between screening tools in assessing malnutrition risk in patients with obesity or

overweight.
Nutritional Obesi:;\l]/l:)}\lfz;lxtveight Obesity/overweight Total P OR (95%
Assessment Test (n=239) (n=395) value (@)
(n=156)
NRS-2002
No nutritional risk 108 (69.2%) 198 (82.8%) 306 (77.5%) 0.002 0.4 (0.2-
Risk of malnutrition 48 (30.8%) 41 (17.2%) 89 (22.5%) ' 0.7)
MUST
No nutritional risk 105 (67.3%) 188 (78.7%) 293 (74.2%) 0.012 0.5 (0.3-
Risk of malnutrition 51 (32.7%) 51 (21.3%) 102 (25.8%) ' 0.8)
MST
No nutritional risk 114 (73.1%) 176 (73.6%) 290 (73.4%) 0.901 0.9 (0.6-
Risk of malnutrition 42 (26.9%) 63 (26.4%) 105 (26.6%) ' 1.5)
PG-SGA
No nutritional risk 102 (65.4%) 191 (79.9%) 293 (74.2%) 0.001 0.4 (0.3-
Risk of malnutrition 54 (34.6%) 48 (20.1%) 102 (25.8%) ' 0.7)
NUTRISCORE
No nutritional risk 129 (82.7%) 215 (90.0%) 344 (87.1%) 0.035 0.5 (0.2-
Risk of malnutrition 27 (17.3%) 24 (10.0%) 51 (12.9%) 0.9)
GLIM Criteria
No malnourished 79 (50.6%) 168 (70.3%) 247 (62.5%) 0402
_ N . . 148 <0001 U7
With malnutrition 77 (49.4%) 71 (29.7%) (37.5%) 0.6)

NRS-2002: Nutritional risk screening; MUST: Malnutrition Universal Screening; MST: Malnutritional risk
screening; PG-SGA: Patient-Generated Subjective Global Assessment; GLIM criteria: Global Leadership
Initiative on Malnutrition. .

3.3. Hand Grip Strength

The prevalence of normal HGS was observed in 312 patients (78.8%), while 84 patients (21.2%)
exhibited low handgrip strength. Regarding the location of the tumor, patients with low HGS and
gastric tumors exhibited the highest prevalence (33.3%), p=0.059. Tumor localization and HGS are
described in Table 4.
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Table 4. Tumor localization and HGS results.

Head Pancreas
HGS Colon and and and Biliary
Category  Rectum Neck  Breast Tract Others Gastric p Value

102

132 (42.3%) 15 (4.8%) 42 (135%) 12 (3.8%)
Normal (32.7%) (2.9%)

0.059

3
27 (32.1% 24 (28.6%) 3 (3.6% 21(25%)  6(7.1%
Low ( ) (3.6%) ( ) 3(3:6%) (25%) (7.1%)

HGS (hand grip strength). The data were analyzed using the Chi-squared test.

According to the actual treatment, 63% of patients with low HGS were receiving chemotherapy,
and 37% were not receiving any treatment. No patients with low HGS were found in the combined
treatment or radiotherapy groups. In contrast, among patients with normal HGS, 49% were receiving
chemotherapy, 40% were not receiving any treatment, 8% were receiving combined treatment, and
3% were using radiotherapy, p=0.010. Detailed results are described in Table 5.

Table 5. Oncologic treatment and HGS results.

Chemotherapy No  current
HGS Category . .

and Radiotherapy Chemotherapy  Radiotherapy treatment p Value
Normal 24 (8%) 147 (49%) 9 (3%) 120 (40%) 0.01
Low 0 51 (63%) 0 30 (37%) '

HGS (hand grip strength). The data were analyzed using the Chi-squared test.

Significant associations were observed between low BMI and low HGS across all screening tests
and assessments (p<0.001). Additionally, HGS differed significantly in patients with nutritional risk
or MN compared to those without it according to the NUTRISCORE (p=0.02), NRS-2002 (p<0.001),
and GLIM criteria (p<0.001). Results can be observed in Table 6.

Table 6. HGS and Nutritional Risk and Malnutrition.

Test Condition n Mean HGS/DE p value

GLIM criteria No Malnutrition 248 255+7.6 <0.001
Malnutrition 148 22.1+9.2

PG-SGA No Malnutrition 294 24.7 £7.9 0.05
Malnutrition 102 22.7+94

MST No nutritional risk 291 24.6 £ 8.1 0.11
Nutritional risk 105 23.1+89

NUTRISCORE No nutritional risk 345 24.6 8.3 0.02
Nutritional risk 51 21.8+88

MUST No nutritional risk 294 24.3+84 0.67
Nutritional risk 102 23.9+85

NRS-2002 No nutritional risk 306 255+8.3 <0.001
Nutritional risk 90 19.6+6.9

GLIM (Global Leadership Initiative on Malnutrition); PG-SGA (Patient-Generated Subjective Global
Assessment); MST (Malnutrition Screening Tool); MUST (Malnutrition Universal Screening Tool); NRS-2002
(Nutritional Risk Screening 2002). Student’s t-test was performed to analyze data.
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4. Discussion

Our study revealed that the identification of nutritional risk varies depending on the screening
tool utilized in cancer outpatients. Using the NRS-2002, 22.7% of patients were identified as being at
nutritional risk, compared to 12.9% with NUTRISCORE, 25.8% with MUST, and 26.5% with MST.
The highest agreement was observed between MUST and PG-SGA (x = 0.64) and between GLIM
criteria and MUST (x = 0.68). These findings suggest that these tools can be effectively used in
combination to provide a comprehensive assessment of nutritional status and risk. Similarly, Gascén-
Ruiz et al. [39] reported comparable agreement between the GLIM criteria and MUST (i = 0.66) in an
observational cross-sectional study involving 165 cancer outpatients. In this study, MUST
demonstrated high specificity and sensitivity in detecting malnutrition. Additionally, Bozzetti et al.
[40] observed that 32% of cancer outpatients were identified as being at nutritional risk using the
NRS-2002. Moreover, a multicenter cross-sectional study involving 1,000 cancer patients further
highlighted discrepancies among screening tools [41]. When malnutrition was assessed using PG-
SGA, NUTRISCORE, and MST, the prevalence of malnutrition was 45.0% with PG-SGA, 2.9% with
NUTRISCORE, and 36.7% with MST. The kappa coefficient for NUTRISCORE was 0.066, indicating
slight agreement with PG-SGA, whereas MST demonstrated moderate agreement (ic = 0.262). These
results align with our findings, where MST identified a higher prevalence of malnutrition compared
to NUTRISCORE, with similar kappa values. In another study evaluating malnutrition among
colorectal cancer patients [42], GLIM criteria identified 10-24% of patients as malnourished,
compared to 15% identified by the PG-SGA short form (PG-SGA-SF). The agreement between PG-
SGA-SF and GLIM criteria varied: minimal agreement was observed with MUST (k = 0.28), weak
agreement with MST (x = 0.42) and the first four questions of NRS-2002 (i = 0.49), and moderate
agreement with PG-SGA-SF (k = 0.60). In our study, we observed an overall agreement of k = 0.63
between GLIM criteria and PG-SGA, consistent with previous research. This level of agreement
indicates that, while discrepancies exist, the GLIM criteria represent a viable alternative to PG-SGA
for diagnosing malnutrition in colorectal cancer patients, as demonstrated in the ongoing CRC-
NORDIET study.

According malnutrition, our results indicate that 37.4% of ambulatory cancer patients were
diagnosed with malnutrition according to the GLIM criteria, compared to 25.8% with PG-SGA. The
disparity we observed suggest that the GLIM criteria may identify more patients at risk of
malnutrition than the PG-SGA, potentially due to its comprehensive approach that includes disease
burden and inflammation [35]. The results are comparable to those of the study by Gascon-Ruiz et
al., who investigated the impact of malnutrition on cancer patients using GLIM criteria and found a
prevalence of malnutrition in 46.6% among 165 cancer outpatients [43]. Another study that aimed to
assess the predictive power of the GLIM criteria for postoperative pulmonary complications in cancer
patients found that 32.1% had malnutrition [44]. Okada G et al. also found that 44% of esophageal
cancer patients were diagnosed with malnutrition based on the GLIM criteria; moreover, symptoms
such as dysphagia and esophageal obstruction were significantly associated with the severity of
malnutrition [45]. In relation to PG-SGA, similar results were described in the study by Arribas et al.,
where in outpatient cancer patients they observed a risk for malnutrition in 19% of the patients with
PG-SGA [46]. Additionally, Abbott | et al. found malnutrition in 17% of patients according to PG-
SGA among chemotherapy outpatients. It demonstrated high sensitivity and specificity, making it a
reliable method for early detection of malnutrition [2]. Other studies of chemotherapy outpatients
have reported malnutrition prevalence around 25% which is very similar to our results [47,48].
Despite the established consensus on the GLIM criteria among experts regarding the assessment of
malnutrition in outpatient cancer patients, there remains a limited number of comparative studies
evaluating their validity in conjunction with screening tools. Only five studies were identified
utilizing the GLIM criteria [39,43,49-51]. Notably, Gascén et al. (2022) [43] reported a malnutrition
prevalence of 53.3%, highlighting significant differences across various cancer types. Most of the
reviewed studies employed the PG-SGA as either the diagnostic standard or as a screening tool to
detect malnutrition risk [50-54]. It is worth noting that many studies assessing malnutrition rely on
indicators such as BMI [5,53,55], which have important limitations such as recent weight loss, recent
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food intake in the past few days, etc. Future studies should focus on more accurate approaches,
incorporating advanced tools like body composition analysis via BIA, assessments of muscle
function, dynamometry, and measures of physical performance [56,57]. The GLIM criteria, in
particular, show promise as a robust framework for evaluating nutritional status and predicting
survival in older cancer patients [58].

In relation to the presence of obesity or overweight, we found them combined in 60.5% of
patients, with 37.1% classified as overweight and 23.5% as obese. These results align with those of
Sanchez-Migallon et al. (2023), who reported that 20.8% of their cohort were overweight and 16.7%
were obese among oncology patients with an average age of 64.8 years [59]. Also, in the recent cohort
study of Vaidya R et al., (2022), [60] they examined clinical treatment trials for obesity-related cancers
conducted by the SWOG Cancer Research Network at community and academic sites. Among 23,926
cancer patients enrolled between 1986 and 2016, obesity rates increased from 23.5% to 42.3%.
Moreover, the combined prevalence of obesity and overweight was approximately 54.2% around
1986, increasing to 75.3% by 2016, which are very similar to the results observed in our study. The
discrepancies in prevalence rates between studies may be attributed to differences in patient
demographics, methodologies, and criteria for assessing obesity and overweight, such as the use of
BMI. Furthermore, these findings underscore the importance of addressing excess weight in oncology
care, given its association with adverse outcomes, including increased risk of cancer recurrence,
reduced quality of life, and comorbidities such as cardiovascular disease and diabetes mellitus. Our
findings suggest the significant prevalence of obesity and overweight among oncology patients,
emphasizing the growing need for targeted nutritional interventions in this population.

Research has consistently shown that between 30% and 70% of cancer patients experience
moderate to severe weight loss [61-63]. We observed a prevalence of 42% of moderate to severe
weight loss during the last month in our patients. These results are consistent with the findings of
previous studies conducted over the past 35 years. However, the prevalence of weight loss in the last
month was higher among those undergoing oncological treatment compared to those who were not
undergoing such treatment. According to BMI, we observed that obesity or overweight is present in
a significant proportion of the overall patient population (60.5%), with a total of 37.1% with
overweight and 23.5% with obesity. Only 5.3% of patients were malnourished. Sanchez-Migallon et
al. (2023), found in a cohort of 96 oncology patients with an average age of 64.8 years, where 20.8%
were classified as overweight, and 16.7% were classified as with obesity. Also, in a German study of
Loosen SH et al. in 2022, they assessed overweight and obesity in 287,357 cancer outpatients, and
found a prevalence of overweight in approximetly 38.2% and obesity in 32.4% of patients (70.6%
combined) [64]. These findings highlight the prevalence of weight issues among cancer patients, with
data cross-referenced between clinical histories and referral service records. Also, we observed a
moderate weight loss that was more common in patients with obesity or overweight, accounting for
67.3% of moderate cases and 58.9% of the total patients analyzed. These findings suggest that patients
with obesity or overweight are more likely to experience weight loss to those without excess of
weight.

The findings of this study reveal significant differences in malnutrition risk detection based on
the presence or absence of obesity or overweight, highlighting the challenges of nutritional screening
in this population. Across multiple tools, patients without obesity consistently demonstrated higher
malnutrition risk compared to those with obesity or overweight. For example, the GLIM criteria
identified malnutrition in 49.4% of patients without obesity, nearly double the prevalence observed
in patients with obesity (29.7%, p < 0.001). Similar trends were noted with the NRS-2002, MUST, PG-
SGA, and NUTRISCORE, all of which showed a statistically significant lower risk of malnutrition in
individuals with obesity or overweight. These findings may be influenced by the metabolic and
physiological differences between individuals with and without obesity. Patients with higher body
fat reserves might mask clinical indicators of malnutrition or present less visible weight loss, which
is a key criterion in many screening tools. However, this does not necessarily reflect the absence of
malnutrition but rather underscores the limitations of these tools in accurately assessing nutritional
risk in patients with higher BMI values. However, the overall agreement among tools was variable,
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with some demonstrating only slight to moderate concordance. This underscores the need for a
tailored approach in selecting and interpreting nutritional assessment tools, particularly in
populations with obesity or overweight. Many cancer survivors tend to gain weight after their
diagnosis and treatment [65,66]. Obesity not only heightens the likelihood of cancer recurrence in
certain cases but also raises the risk of developing diabetes, cardiovascular diseases, and reduced
quality of life. Implementing weight loss strategies is a crucial aspect of post-treatment care for cancer
patients who are overweight [67,68].

HGS is considered a prognostic marker and is positively correlated with survival duration,
especially in older cancer patients [69,70]. Since the objective of nutritional therapy is to restore
muscle mass and strength, handgrip strength can be used as an additional parameter to identify or
diagnose malnutrition. The GLIM consensus recommends assessing muscle function using grip
strength as a supportive measure [35]. In our study, we observed that 21.2% of patients exhibited low
HGS, and patients with gastric tumors had the highest prevalence of low HGS (33.3%), with nearly
statistical significance (p=0.059). Rechinelli AB et al. found similar results in their study involving 158
patients with cancer [71], with low HGS in 23.4%. The prevalence of low HGS and malnutrition
according to PG-SGA was highest among patients with gastrointestinal tumors, with a rate of 59.5%.
Studies conducted among both adults and the elderly have shown that low HGS is present in 24.4%
of adult cancer patients [72] and 44.9% of elderly cancer patients [73]. Additionally, another study
found that 30.9% of the elderly population being evaluated had low HGS [74]. It has also been shown
that HGS is reduced in cancer patients with MN [75]. Moreover, HGS has been shown to serve as a
prognostic marker and is positively associated with survival duration, as evidenced by studies
conducted on older patients with cancer [76,77]. As the aim of nutritional therapy is to restore muscle
mass and muscle strength, HGS can serve as an additional parameter to improve the recognition of
malnutrition risk or MN. Our study also revealed significant associations between low HGS and low
BMI, as well as all nutritional screening and assessment tools, emphasizing the physical
manifestations of malnutrition in cancer patients. The significant differences in HGS among patients
with and without malnutrition or nutritional risk reinforce the efficacy of HGS as a functional
indicator of nutritional status.

Our study addresses a critical gap in the literature, providing valuable insights into the
nutritional status of ambulatory cancer patients in Mexico. The scarcity of data on this population
underscores the importance of our findings, which can inform future research and clinical practices.
Enhancing the awareness and implementation of systematic nutritional screening and assessment in
oncology is essential to improve patient outcomes and reduce the burden of malnutrition in this
vulnerable population. Continued efforts to educate healthcare providers and integrate validated
nutritional tools into standard care protocols are imperative for addressing malnutrition effectively
in cancer patients.

5. Conclusions

The study demonstrated significant variability in nutritional risk identification across screening
tools, with the GLIM criteria identifying the highest prevalence of malnutrition due to its
comprehensive approach, including disease burden and inflammation. The GLIM criteria and PG-
SGA along with reliable screening tests such as MUST are essential for improving the nutritional care
and outcomes of these patients. Screening tools showed lower sensitivity in detecting malnutrition
among patients with obesity or overweight, highlighting the need for tailored methodologies.

HGS emerged as an effective functional and prognostic marker for malnutrition, particularly in
gastrointestinal cancer patients. Additionally, 60.5% of ambulatory cancer patients were classified as
overweight or obese, underscoring the importance of targeted nutritional interventions in oncology
to address weight-related challenges and improve outcomes.
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