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ABSTRACT

Objective: This study aimed to evaluate the effects of bee bread (BB) supplementation on thiol/disulfide homeostasis in
an experimental obesity model and to investigate its potential as a functional dietary intervention against obesity-induced
oxidative stress(OS).

Methods: An experimental obesity model was established in male C57BL/6 mice, and the animals were divided into control,
obesity, BB1 (250 mg/kg), and BB2 (500 mg/kg) groups. Following the intervention, native thiol, total thiol, disulfide levels, and
thiol oxidation-reduction ratios (TOR) were measured.

Results: Native thiol and total thiol levels were significantly lower in the obesity group compared to the control group
(p<0.001), indicating reduced antioxidant capacity. Disulfide levels, oxidized thiol ratio (OT), and thiol oxidation ratio (TOR)
were significantly higher in the obesity group (p=0.008, p=0.005, and p=0.005, respectively), reflecting an increased state of
OS. Notably, BB supplementation at a dose of 500 mg/kg (BB2) resulted in a significant reduction in disulfide levels (p=0.008)
and an improvement in redox balance. This was supported by increased reduced thiol ratios and decreased OT values.

Conclusion: Bee bread supplementation partially restored thiol/disulfide homeostasis disrupted by obesity and demonstrated
antioxidant effects likely attributed to its rich phenolic and flavonoid content. These findings suggest that BB may serve as a
promising natural product in the management of obesity-related OS disorders and contribute novel insights into the use of
functional apitherapy in obesity treatment.

Keywords: bee bread, high fat diet, perga, obesity, oxidative stress

Introduction index (BMI) of >30 kg/m? as a diagnostic criterion.?
The Lancet Diabetes & Endocrinology Commission
Obesity is a major public health concern with a defines clinical obesity as a chronic disease in which

multifactorial etiology and an increasing global adipose tissue impairs organ function, whereas
prevalence."? The World Health Organization defines preclinical obesity refers to a state in which disease risk
obesity as an excessive accumulation of adipose tissue  is elevated but organ functions are not yet affected.*

that may adversely affect health, and uses a body mass ~ The pathophysiology of obesity is associated with OS,

Corresponding author: Nursena Nahya Servi Received: July 16, 2025 Accepted: August 9, 2025
Email: nursenanahya@gmail.com Published: August 15, 2025

Copyright © 2025 The Author(s). Published by Turkish Society of Clinical Enteral and Parenteral Nutrition. This is an open access article distributed under the Creative Commons
Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

69


https://orcid.org/0000-0002-1435-2088
https://orcid.org/0000-0002-8291-3414
https://orcid.org/0000-0001-8642-1567
https://orcid.org/0000-0002-3322-759X
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Nahya Servi N, et al. Bee Bread Modulates Thiol/Disulfide in Obese Mice

Clin Sci Nutr. 2025;7(2):69-77

increased production of reactive oxygen species (ROS),
and inadequate antioxidant defense systems; this
imbalance leads to mitochondrial dysfunction in adipose
tissue and cellular-level damage.® As adipose tissue mass
increases in individuals with obesity, the production of
reactive oxygen species (ROS) is elevated, resulting
in heightened OS at the cellular level.®” Dynamic thiol-
disulfide homeostasis (TDH) is an emerging area of
research that has garnered increasing attention. Dynamic
TDH refers to the reversible oxidation of thiol groups in
proteins and represents the balance between thiols (-
SH) and disulfides (—SS-). Thiols are organic compounds
containing a sulfhydryl group composed of sulfur and
hydrogenatoms. Disulfides arethe mostimportant class of
dynamic, redox-reactive covalent bonds formed between
two thiol group.8™ Thiol groups (—SH), which possess
antioxidant properties, react with free radicals to form
disulfide bonds (=SS). During this process, native thiol
levels decrease while disulfide levels increase, thereby
disrupting the thiol/disulfide balance™ he thiol/disulfide
balance reflects the oxidation and reduction (redox)
state of sulfur-containing groups in proteins.® In this
context, strategies aimed at reducing OS have become
a significant area of investigation for the prevention
and management of obesity-related complications.
Beebread is a product produced by honeybees (Apis
mellifera L.) through the fermentation of pollen, nectar,
honey, and enzymes. More than 300 compounds have
been identified in beebread.’®" Its antioxidant properties
make beebread a promising candidate in combating
0S.’8® Polyphenols and other bioactive compounds
can mitigate cellular damage by neutralizing ROS and
supporting the activity of antioxidant enzymes.202
Although recent studies have highlighted the potential
benefits of beebread on metabolic health™'*2?, its
effects on obesity-related OS and associated metabolic
disorders remain insufficiently explored.This study aims
to investigate the effects of beebread on thiol-disulfide
homeostasis in an obesity model, thereby shedding light

Main Points

- Bee bread (Perga) improves serum thiol/disulfide
balance in diet-induced obesity.

+ The financial and social impacts of obesity affect
both individuals and society, and its treatment and
prevention should be made a critical clinical and
social priority.

- Consumption of bee bread (perga) may be beneficial
for regulating oxidative stress in obesity.
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on potential natural therapeutic approaches targeting
the molecular regulation of OS. By examining the impact
of beebread on obesity-induced OS through the lens of
thiol-disulfide balance, this research seeks to provide new
perspectives on the applicability of natural antioxidants
in the management of metabolic diseases.

Materials and Methods

Chemicals

Bee bread was commercially obtained from “BEEQO” (a
company located in the Istanbul Technical University Bee
Technopark) in Istanbul, Turkey. The nutrient composition
of BB is presented in Table 1. Bee bread was stored at -20
°C. Bee bread, which has a structure that dissolves easily
in water, was prepared as a solution in distilled water.

Experimental design

The protocol of this study was approved by the Harran
University Local Ethics Committee for Animal Experiments
(Protocol No: 2024/001/14). The experimental model is
presented in Figure 1. In this study, male C57BL/6 mice,
bred at the Guinea Pig Experimental Animals Laboratory
Center,wereused. Theanimals were housedintransparent
cages under controlled environmental conditions: a 12-
hour light/dark cycle, a room temperature of 21+2 °C,
and relative humidity of 50-60%. Food and water were

Table 1. Nutritional contents of bee bread.

Nutritional elements Content (100g) *RI%
Energy 1508 kJ/359 kcal 18
Fat (9) 9.8 14
Saturated fat (g) 4,1 20,5
Carbohydrate (g) 43 16,5
Sugars (g) 25 27.8
Protein (g) 19 38
Salt (mg) 0,02 0,3
Vitamin ve Minerals **NRV%
iron (mg) 23,8 170
Zinc (mg) 4,6 46
Vitamin B2 (mg) 1.4 85

Reference intake of an avarege adult (8400 kJ/ 2000 kcal) (*RI: Reference
Intake, **NRV: Nutrient Reference Value)
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Figure 1. Experimental model

checked regularly every day, and body weights were
monitored weekly throughout the study period. Before
the experiment began, all mice were fed standard rodent
chow ad libitum for one week to allow for adaptation.
Subsequently, 7 randomly selected C57BL/6 mice were
assigned to the control group and fed a standard rodent
diet, while the remaining 21 mice were fed a high-fat diet
(HFD), in which 60% of the total calories were derived
from fat, for a duration of 12 weeks. The obesity model
was considered to be successfully established if the
body weight of the mice fed the high-fat diet was at
least 20% higher than that of the mice fed the standard
rodent diet.?* Bee bread, which is easily soluble in water,
was dissolved in distilled water. It was administered to
the mice once daily via gastric gavage at doses of 250
and 500 mg/kg.

The groups were planned as follows: Control: Mice fed
with a standard rodent diet; Obese: Mice fed with a high-
fat diet; Bee Bread 1 (BB1): Obese + BB (250 mg/kg/day);
Bee Bread 2 (BB2): Obese + BB (500 mg/kg/day).

After completion of the experimental protocol, blood
samples were collected from the rats whose body
weights had been recorded. Following exsanguination
under ketamine and xylazine anesthesia, the samples
were analyzed according to the methods described
below.

Biochemical analysis
Measurement of thiol/disulfide levels
The thiol/disulfide levels were performed with a new

method previously described by Erel and Neselioglu.
First, disulfide bonds were reduced to reactive thiol

groups in the presence of sodium borohydride.?* Later,
total thiol and native thiol levels were determined using
Ellman reagents.?® The disulfide levels was obtained by
dividing the difference between the total and native thiol
by two. Oxidized thiol, reduced thiol, and thiol-oxidation
reduction parameters were calculated according to the
formula below. Oxidized Thiol Ratio [Disulfide/Total thiol]
X100, Reduced Thiol Ratio [Native thiol/Total Thiol]X100,
Thiol Oxidation Reduction Ratio [Didulfide/ Native thiol]
X100. Results were expressed as pmol/L.

Statistical analysis

Statistical analyses were performed using the SPSS
25.0 software package (IBM SPSS Inc., Chicago, IL,
USA). Data normality was assessed with Shapiro-Wilk
and Kolmogorov-Smirnov tests. Normally distributed
variables were reported as meantstandard deviation,
non-normally distributed as median. Group comparisons
used One-way ANOVA for parametric data and Kruskal-
Wallis H for non-parametric data. Levene’s Test checked
variance homogeneity in normal distributions. Post-hoc
tests included Tukey HSD for homogeneous variances
and Games-Howell for non-homogeneous variances.
Non-parametric pairwise comparisons used Bonferroni
correction. A confidence interval (CI) of 95% was
considered, and p < 0.05 was accepted as statistically
significant.

Results

Table 2 presents a comparative analysis of serum
thiol/disulfide homeostasis parameters among the
experimental groups (Control, Obese, BB1, BB2). The
native thiol levels in the control group (582.3 + 66.8
umol/L) were found to be significantly higher compared
to the Obese, BB1, and BB2 groups (332.6 + 889
umol/L; 294.9 + 96.9 ymol/L; and 323.2 + 44.5 pmol/L,
respectively) (p<0.001). The total thiol levels in the
control group (812.9 + 132.2 umol/L) were significantly
higher compared to the BB1 (561.9 + 58.5 umol/L) and
BB2 (508.6 + 37.2 umol/L) groups. Additionally, total thiol
levels in the obese group (729.5 + 96.0 umol/L) were also
significantly higher than those in the BB1and BB2 groups
(p<0.001).

The disulfide level in the obese group (198.4 + 60.7

umol/L) was found to be significantly higher compared to
the BB2 group (92.6 + 15.0 umol/L) (p = 0.008) (Figure 2).

7
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Table 2. Comparison of serum thiol/disulfide homeostasis parameters in experimental groups.

Control (n=7) Obese (n=7)
Native thiol, (umol/L) 582.3+66.8 B 332.6+889
Total thiol (umol/L) 812.9+132.2 #° 729.5+96.0 ©¢
Disulfide (umol/L) 115.3+68.7 198.4+60.7 ¢
OT (%) 13.4+6.5¢ 26.9+6.4 ¢
RT (%) 731+13.1¢ 46.0+12.8¢
TOR (%) 19.8[25.7] « 61.6[28.0]

Bee Bread 1(n=7) Bee Bread 2 (n=7) p value
294.9+96.9 323.2+44.5 <0.001
561.9+58.5 508.6+37.2 <0.001
133.5+55.4 92.6+15.0 0.008

234492 18.2+3.2 0.005
53.0+18.4 63.4+6.5 0.005
36.0[81.4] 28.6[11.6] 0.010

Data are expressed as mean + SD and median [IQR] were appropriate. P < 0.05 was accepted as significant. Significant differences were identified as
follows: a: Control vs Obesity, B: Control vs Bee Bread 1, 6: Control vs Bee Bread 2, Q: Obesity vs Bee Bread 1, &: Obesity vs Bee Bread 2 (OT: Oxidative Thiol

Ratio; RT: Reduced Thiol Ratio; TOR: Thiol Oxidation Reduction Ratio)

The oxidized thiol ratio (OT) was significantly higher in
the obese group (%26.9 + 6.4) compared to the control
group (%13.4 + 6.5) (p = 0.005). Furthermore, the OT
value in the BB2 group (%18.2 + 3.2) was significantly
lower than that in the obese group (p = 0.005) (Figure 3).

The reduced thiol ratio (RT) was found to be significantly
lower in the obese group (%46.0 + 12.8) compared to the
control group (%73.1 + 13.1) (p = 0.005). Moreover, the
RT value in the BB2 group (%63.4 + 6.5) was significantly
higher than that in the obese group (p = 0.005) (Figure 4).

The thiol oxidation-reduction ratio (TOR) was found to
be significantly lower in the control group (19.8% [25.7])
compared to the obesity group (61.1% [28.0]) (p=0.005).
Although the thiol oxidation-reduction ratio was lower in
the BB1 and BB2 groups compared to the obesity group,
it was not found to be significant.

300.00

250.00

200.00 S

Disulfide umol/L

Control Obese BB1 BB2

Figure 2. Evaluation of disulfide levels across the groups

*p < 0.05 was accepted as significant.
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Figure 3. Evaluation of oxidized thiol levels across the
groups

*p < 0.05 was accepted as significant.
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Figure 4. Evaluation of reduced thiol levels across the
groups

*p < 0.05 was accepted as significant.
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Discussion

Obesity is a chronic disease characterized by excess
adiposity, which leads to structural and functional
consequences, thereby increasing the risk of
comorbidities and premature mortality.?® Obesity has
financial and social impacts that can affect not only the
individual patient but the entire society.?” Therefore,
studies aimed at the treatment or prevention of obesity
have become a target of great clinical and social
importance.

Many methods developed to treat obesity are related to
nutritional components. Apitherapyisatype of biotherapy
that uses bees and their products (honey, pollen, propolis,
BB, royal jelly, bee venom, beewax, apilarnil) as medicinal
or preventative of diseases progression. Apitherapy
derives its name from the Latin word “Apis” (bee).?® Honey
bees are the “golden insects” that produce honey and
other vital bee Products.?® Bee products promote healing
through reducing inflammation, enhancing circulation,
and inducing a healthy immunological response.?® Bee
bread, a hive product formed from a mixture of pollen,
honey, and bee salivary secretions, has attracted
attention due to its potential health benefits.3° Bee bread
has been proven to possess antioxidant, antifungal,
antibacterial, and antitumoral activities. Additionally,
it has been shown to be effective in alleviating various
pathological conditions such as hyperglycemia,
hyperlipidemia, inflammation, and OS.®*' The main
components of BB include carbohydrates, proteins, and
vitamins, as well as minerals, fatty acids, enzymes, natural
antibiotics, antioxidants, and hormones.®* Bee bread
is considered a beneficial nutritional supplement. This
abundance of natural antioxidants in the BB mitigates
the ROS generation.?' In recent years, there has been
significant interest in the use of BB for the treatment of
various Diseases.®'*?? Considering the known biological
activities of BB, we conducted this study to evaluate its
effects on obesity within the context of thiol/disulfide
homeostasis, hypothesizing that this redox balance may
serve as a potential biomarker for the diagnosis and
monitoring of obesity. Although various studies have
explored the biological properties and effects of BB, the
relationship between obesity and thiol/disulfide levels
has not been investigated. To the best of our knowledge,
this is the first study to investigate.

In this study, based on thiol/disulfide homeostasis
measurements conducted after the completion of the
experimental protocol in obese mice, native thiol and
total thiol levels were found to be significantly lower

in the obesity group compared to the control group
(p<0.001). This finding suggests that obesity diminishes
antioxidant capacity and promotes the oxidation of thiol
groups. Such an impact of obesity on oxidative stress
may play a critical role in the development of obesity-
related comorbidities, such as cardiovascular diseases
and diabetes. Consistent with our results, Oklii et al.®
demonstrated that native and total thiol levels decrease
as body mass index (BMI) increases. Similarly, another
study?* reported that serum total antioxidant capacity
was significantly lower in obese individuals compared to
their non-obese counterparts. Furthermore, a separate
investigation' found statistically significant reductions in
native and total thiol levels in obese subjects compared
to controls, indicating that obesity disrupts thiol redox
homeostasis. These consistent findings across studies
suggest that thiol/disulfide homeostasis could serve as
a potential biomarker for assessing oxidative stress in
obesity.

The disulfide level appeared to be increased in the obese
group compared to the control group, but it was found
to be significantly higher compared to the BB2 group
(p=0.008). This finding indicates that obesity promotes
the conversion of thiols to disulfides, likely driven by
heightened oxidative stress (OS). Conversely, the
reduced disulfide levels in the BB2 group suggest that
the intervention mitigates OS and enhances antioxidant
defense mechanisms. Disulfide bonds, formed through
the oxidation of thiol groups under conditions of OS,
serve as a reliable marker of oxidant activity.?* Thus,
the lower disulfide levels in the BB2 group underscore
the intervention’s beneficial effect on restoring redox
balance. Consistent with these observations, the thiol/
disulfide homeostasis system has been widely explored
as an indicator of OS in various clinical contexts. For
instance, a study in patients with stable coronary
artery disease demonstrated that elevated disulfide
levels were associated with impaired collateral vessel
development, suggesting that thiol/disulfide balance
could serve as a prognostic biomarker in cardiovascular
conditions.® Similarly, in patients with acute coronary
syndrome, thiol levels and thiol/disulfide ratios were
highlighted as potential antioxidant biomarkers for
disease evaluations.*® These findings align with our studly,
where increased OS in obesity shifts the thiol/disulfide
equilibrium, reinforcing the potential of these parameters
as diagnostic and monitoring tools. Additionally, research
on individuals with type 2 diabetes has shown that
higher serum thiol (R-SH) levels correlate with improved
metabolic control and reduced complications, further
supporting the role of thiol/disulfide homeostasis in
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assessing systemic redox status.>” Moreover, Tasgkin et al.
emphasized that preserving thiol groups and minimizing
disulfide formation during exercise serve as critical
biochemical indicators of reduced OS.3® While thiol/
disulfide homeostasis has been extensively studied in
exercise, diabetes, and cardiovascular disease models,
its evaluation in the context of obesity, particularly with
BB supplementation, distinguishes our study. This novel
application highlights the potential of thiol/disulfide
parameters as sensitive biomarkers for assessing the
efficacy of antioxidant interventions in obesity-related
oxidative stress, warranting further investigation into
their clinical applicability.

The oxidized thiol ratio was significantly higher in the
obesity group compared to the control group (p=0.005),
reflecting an increase in oxidative stress (OS). In contrast,
the oxidized thiol ratio was significantly lower in the
BB2 group compared to the obesity group (p=0.005),
indicating that BB2 supplementation effectively mitigates
OS and restores oxidative balance. Similarly, the reduced
thiol ratio was significantly lower in the obesity group
compared to the control group (p=0.005), underscoring
a diminished antioxidant capacity in obesity. However,
the reduced thiol ratio was significantly higher in the
BB2 group compared to the obesity group (p=0.005),
suggesting that BB2 supplementation bolsters the
antioxidant defense system and promotes thiol/disulfide
homeostasis. These findings align with prior research
demonstrating that disruptions in thiol redox balance
are associated with obesity-related oxidative stress.
3334 The ability of BB2 supplementation to reverse these
alterations highlights its potential as a therapeutic
intervention for mitigating oxidative damage in obesity.
Notably, the consistent improvement in both oxidized
and reduced thiol ratios in the BB2 group underscores
the intervention’s role in enhancing systemic redox
status, a finding that distinguishes our study from
existing literature, which has primarily focused on thiol
homeostasis in other conditions such as diabetes or
cardiovascular Disease.’>¥ These results suggest that
the thiol/disulfide balance could serve as a sensitive
biomarker for evaluating the efficacy of antioxidant
interventions in obesity, warranting further exploration in
clinical settings to validate its translational potential.

The thiol oxidation-reduction ratio (TOR) was significantly
lower in the control group compared to the obese group
(p=0.005), reflecting heightened oxidative stress (OS)
in obesity due to increased thiol oxidation. This finding
is consistent with our earlier observations of elevated
oxidized thiol ratios (p=0.005), reduced thiol ratios
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(p=0.005), and increased disulfide levels (p=0.008) in
obese subjects, underscoring the disruption of thiol/
disulfide homeostasis in obesity. Notably, the TOR
was lower in both the BB1 and BB2 intervention groups
compared to the obesity group, with a more pronounced
decrease in the BB2 group, although these differences
did not reach statistical significance. This trend aligns
with our prior findings that BB2 supplementation
significantly reduces oxidized thiol ratios (p=0.005) and
disulfide levels (p=0.008) while increasing reduced thiol
ratios (p=0.005), suggesting that BB2 supplementation
mitigates OS and enhances antioxidant defense in
obesity. These results are consistent with a recent study
in obese children, which reported significantly lower
levels of native thiol, total thiol, and the native/total thiol
ratio, along with higher levels of disulfide, disulfide/native
thiol ratio, and disulfide/total thiol ratio in metabolically
unhealthy obese (MUQ) children compared to controls.
These findings indicate a pronounced oxidative
imbalance in metabolically compromised obesity. The
same study proposed that thiol/disulfide homeostasis
may serve as a reliable biomarker of oxidant-antioxidant
status in MUO children, supporting our hypothesis
that these parameters are sensitive indicators of redox
status in obesity.” Our findings extend this framework
by evaluating BB1 and BB2 supplementation in an
obesity model, a novel approach compared to prior
studies focused on diabetes, cardiovascular disease, or
exercise.?*338 The lack of statistical significance in TOR
differences for BB1 and BB2 groups may reflect factors
such as sample size, intervention duration, or variability
in response to supplementation. Nevertheless, the
consistent trends across thiol-related parameters in our
study, particularly with BB2, highlight its potential as a
therapeutic intervention for restoring redox homeostasis.
These findings suggest that thiol/disulfide homeostasis,
including TOR, could serve as a valuable biomarker for
assessing the efficacy of antioxidant interventions in
obesity, particularly in metabolically unhealthy individuals.

Thiol oxidation-reduction ratio (TOR) was found to be
significantly lower in the control group compared to the
obesity group (p=0.005), which reveals the increased OS
level with obesity. Although a more significant decrease
in TOR value was observed in the BB2 group, this
difference was not found to be statistically significant,
although TOR values were lower in both the BB1 and
BB2 groups compared to the obesity group. This result
suggests that the BB2 group may positively affect the
oxidative balance. Although there is no study examining
BB specifically for obesity-related thiol/disulfide levels,
as in this study, there are several studies in the literature
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showing that BB reduces OS by exhibiting antioxidant
properties.’33940

Conclusion

In conclusion, the obtained data show that obesity
increases OS by disrupting thiol/disulfide homeostasis,
and BB treatment has the potential to partially restore
this balance. Both BB1 and especially BB2 application
exhibited positive effects in terms of reducing obesity-
related OS. The decrease in disulfide level and the
increase in reduced thiol ratio in the BB2 group revealed
that this group presented a more advantageous oxidative
profile compared to the obesity group. In this study, it
was observed that BB2 applied at a dose of 500 mg/kg
was more effective, but it was concluded that additional
or long-term interventions may be needed to fully restore
thiol/disulfide homeostasis.

In this study, it was shown that bee bread (perga)
application corrected obesity-related thiol-disulfide
imbalances and significantly reduced disulfide levels;
this effect is thought to be due to the redox balance
modulating capacity of phenolic compounds, flavonoids
and other bioactive antioxidants naturally found in perga.
These results provide new and original contributions
to the literature regarding the use of functional natural
products in the management of obesity-related OS
disorders.
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ABSTRACT

Objective: Enteral nutrition (EN) is a cornerstone of nutritional support for patients unable to meet their dietary needs orally,
yet concerns remain regarding the adequacy of micronutrient provision in commercial enteral formulas. The aim of the study
is to evaluate the micronutrient content of commonly used adult enteral formulas in Turkiye by comparing their composition
with the recommendations provided in international and national guidelines.

Methods: Thirty-eight commercially available adult enteral formulas, encompassing standard, immune-modulating, and
disease-specific types were analyzed. The micronutrient content was calculated based on the labelled values and subsequently
adjusted for daily energy intakes of 1500 and 1800 kcal. These values were then compared with Dietary Reference Intakes
(DRIs), ESPEN micronutrient guidelines, and TUBER-2022 recommendations.

Results: At a 1500 kcal/day EN intake, 89.1% of the formulas (33/37) failed to meet the recommended intake for vitamin K,
86.5% (32/37) for vitamin D, and 94.6% (35/37) for magnesium based on DRI and ESPEN guidelines. Additionally, 37.8% (14/37)
of the formulas did not meet the iron requirement specifically for females according to DRI and ESPEN recommendations.
According to ESPEN's recommendations for high demand, all formulas were found to be insufficient in multiple micronutrients,
including vitamins A, D, E and B-complex vitamins, as well as iron, zinc, selenium, chromium and molybdenum. Furthermore, one
immune-modulating formula exceeded the tolerable upper intake levels for five micronutrients (folic acid, calcium, magnesium,
zinc, and manganese) according to both the DRI and the TUBER-2022.

Conclusion: Commonly used enteral formulas in Turkey may inadequately supply essential micronutrients, particularly
to vulnerable populations with increased requirements. These findings emphasize the need for routine clinical monitoring,
individualized supplementation strategies and reformulation of products, especially with regard to vitamin D and magnesium
content, to align with ESPEN's higher intake recommendations.

Keywords: enteral nutrition, micronutrient, DRI, ESPEN, TUBER

Introduction intact and functional gastrointestinal tract. EN plays

a critical role in preserving gut integrity, supporting
Enteral nutrition (EN) is a key part of nutritional immune function and mitigating the risks of malnutrition
management for patients who cannot meet their dietary in various clinical contexts.! The increasing variety and

requirements through oral intake, but who have an range of commercial enteral formulas provide clinicians
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with options tailored to specific patient needs, including
standard, immune-modulating and disease-specific
formulations.?

Enteral formulas are typically developed based on the
Dietary Reference Intakes (DRIs). They are designed to
deliver essential nutrients—including macronutrients,
micronutrients, and antioxidants—to meet the daily
nutritional needs of diverse patient populations, ranging
from critically ill, hypermetabolic individuals to stable
patients receiving long-term home enteral nutrition.’
However, DRIs primarily represent reference intake values
intended for healthy individuals and general population
groups.* Despite the widespread use of enteral formulas,
concerns persist regarding whether their micronutrient
content adequately meets the nutritional demands
outlined by current clinical guidelines.

Micronutrients, including vitamins, minerals and
trace elements, are essential for many physiological
processes, including immune defense, enzymatic
activity and metabolism. Both micronutrient deficiencies
and excesses may adversely affect clinical outcomes,
particularly in vulnerable populations such as older adults,
individuals with chronic diseases.>® Patients receiving
prolonged enteral nutrition are particularly susceptible to
micronutrient imbalances, which can result in significant
clinical complications, including deficiencies and
toxicities.”®

To ensure optimal patient care, it is essential to
systematically assess the micronutrient profiles of
commercially available enteral formulas by comparing
them with established international and national dietary
guidelines.® Key reference standards include the
Dietary Reference Intakes (DRIs)", the micronutrient

Main Points

« The majority of adult enteral formulas available in
Turkey do not meet the recommended intake levels
for key micronutrients, particularly vitamin D, vitamin
K, magnesium, and iron.

+ In comparison with the higher intake
recommendations set out by ESPEN, a more
extensive insufficiency of micronutrients was
identified.

+ These findings emphasise the necessity of revising
product formulations and strengthening clinical
strategies to align with international and national
nutritional standards.

guideline of the European Society for Clinical Nutrition
and Metabolism (ESPEN)®, and the Turkish Nutrition
Guideline (TUBER-2022).” The DRIs" provide nutrient
intake recommendations primarily based on healthy
populations and serve as a general reference for adequate
nutrient consumption. In contrast, ESPEN guideline®
focus specifically on clinical nutrition, offering tailored
recommendations for patients with diverse medical
conditions and metabolic demands. TUBER-2022%,
as a national guideline, integrates local nutritional
considerations and population-specific data to guide
clinical nutrition practices in Turkiye. These standards
provide recommendations for appropriate micronutrient
intake in clinical nutrition practice.

In Turkiye, the use of enteral nutrition formulas is steadily
increasing; however, there is limited data available
regarding their micronutrient adequacy compared to
international and national guidelines. This study aims to
evaluate the micronutrient contents of commonly used
adult enteral formulas in Turkiye and compare them with
the recommendations of DRI, ESPEN, and TUBER-2022,
thereby providing clinicians with essential information
to guide formula selection and optimize nutritional
management.

Methods

This study evaluated 38 adult EN formulas produced by
three different manufacturers and available commercially
in Turkiye. The formulas were categorized into three
groups: 21 standard EN formulas, siximmune-modulating
formulas, and 11 disease-specific formulas (for diabetes,
pulmonary disease, renal disease, and malabsorption).
Nutritional data were extracted from product labels
available on official websites or technical documents
provided by manufacturers.

Inthis study, nutrient reference values were obtained from
several authoritative sources to ensure comprehensive
assessment. The DRI" provided Recommended Dietary
Allowance (RDA), which represents the average daily
intake sufficient to meet the nutrient requirements of
nearly all healthy individuals, and Tolerable Upper Intake
Level (UL), indicating the maximum daily intake unlikely
to cause adverse health effects. The ESPEN® supplied
minimum and maximum nutrient requirements, defining
safe intake ranges applicable in clinical nutrition settings.
Additionally, the TUBER-2022" offered Adequate Intake
(Al), recommended when RDA values are not established,
along with UL values to identify upper intake limits.
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The micronutrient content of each product was calculated
based on the labelled values and standardized to daily
energy intakes of 1500 and 1800 kcal/day.®™ These
values were then compared with the recommendations
of the DRIs", ESPEN micronutrient guideline®, and the
TUBER-2022.> The average micronutrient levels were
then assessed, and nutrients that did not meet the
recommended levels were examined in detail across all
enteral formulas.

Data analysis was performed using RStudio software
(version 2022.07.1, RStudio PBC, Boston, MA, USA).
Continuous variables were presented as median
(minimum—maximum). Micronutrients that did not meet
the recommended intake thresholds were identified and
analyzed in more detail across formula categories. This
study was designed as a descriptive analysis aiming
to compare micronutrient contents with established
guidelines; therefore, no statistical hypothesis testing
was conducted.

Results

The micronutrient contents of the evaluated enteral
formulas at a 1500 kcal intake, along with the
corresponding reference values and tolerable upper
intake levels based on DRI, ESPEN, and TUBER-2022
guidelines, are summarized in Table 1. Additionally,
Figure 1 illustrates the percentages of micronutrient
provision relative to the recommended daily intake levels.

According to the DRI, the enteral formulas provided
56.10-67.32% of the recommended daily potassium
intake, 59.46-71.36% of chloride, 67.17-80.61% of
magnesium, 76.79-92.14% of sodium, and 81.20-97.43%
of vitamin K when administered at energy levels of 1500-
1800 kcal per day. Eleven other micronutrients met or
exceeded daily requirements and remained well below
the established tolerable upper intake levels, indicating a
safe intake range for these nutrients.

Based on ESPEN guidelines, the formulas provided
62.58-75.10% of the recommended daily vitamin D intake,
66.39-79.66% of the recommended daily iron intake,
and 81.20-97.44% of the recommended daily vitamin K
intake, all at the same energy levels. Other micronutrients
were supplied in adequate amounts.

When evaluated in reference to the TUBER-2022
guidelines, the formulas provided 54.50-65.40% of the
recommended potassium intake and 57.59-69.11% of the
recommended sodium intake. Other micronutrients met
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or exceeded daily requirements while remaining safely
below the upper intake limits, suggesting no potential
risk of excessive intake.

However, when evaluated according to the higher intake
recommendations outlined in ESPEN guidelines, the
enteral formulas were insufficient in providing several key
micronutrients at a 1500 kcal/day intake. These included
vitamins A, D, and E, B-complex vitamins (thiamine,
riboflavin, niacin, vitamin B6, biotin, folic acid, and
vitamin B12), as well as the minerals iron, zinc, selenium,
chromium, and molybdenum (Figure 2).

Detailed evaluation of vitamin D, vitamin K, iron, and
magnesium contents at both 1500 kcal and 1800 kcal
intake levels revealed persistent inadequacies across
most formulas, as presented in Figure 3. With the
exception of one immune-modulating formula, the
remaining products failed to provide sufficient vitamin
D intake according to ESPEN recommendations at 1500
kcal/day. Additionally, based on DRI and TUBER-2022
criteria, 45.9% (17 out of 37) of the enteral formulas were
inadequate in meeting the daily vitamin D requirement at
this energy level.

Although 81.1% (30 out of 37) of the formulas met
the vitamin K requirement according to TUBER-2022
guidelines, adequacy rates significantly declined when
compared to the standards of DRI and ESPEN, with only
10.8% (4 out of 37) meeting the recommended levels. In
contrast, 89.1% (33 out of 37) of the formulas failed to
meet the vitamin K requirements according to DRI and
ESPEN guidelines (Figure 3).

Regarding magnesium, only one immune-modulating
formula (2.6%) met the minimum requirements defined
by both DRI and TUBER-2022 at an intake of 1500 kcal/
day.

All enteral formulas provided sufficient iron at 1500
kcal/day for males based on both DRI and TUBER-2022
recommendations. However, 37.8% (14 out of 37) of the
formulas did not meet the iron requirement for females
according to DRl and the lower reference range of ESPEN.
Furthermore, one formula achieved the higher iron intake
recommended by ESPEN for this energy level (Figure 3).

Finally, among the 38 evaluated formulas, one
immune-modulating formula exceeded the UL for five
micronutrients (folic acid, calcium, magnesium, zinc, and
manganese) according to both DRI and TUBER-2022
guidelines.
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Figure 1. Proportion of key micronutrient provision by adult enteral formulas relative to recommended daily intake levels

according to DRI, ESPEN, and TUBER-2022 Guidelines

The figure illustrates the proportion of key micronutrients supplied by adult enteral formulas available in Tirkiye, expressed as a percentage of the
recommended daily intake levels based on DRI, ESPEN, and TUBER-2022 guidelines. The red dashed line indicates the 100% adequacy threshold for

micronutrient intake.
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Figure 2. Percentage of micronutrient provision relative to
ESPEN high requirement recommendations

The figure illustrates the percentage of recommended intake levels
for key micronutrients provided by adult enteral formulas at a 1500
kcal/day intake, specifically evaluated in accordance with ESPEN's
high-demand recommendations, which apply to critically ill patients
and those with acute malnutrition. The red dashed line represents
100% adequacy.

Discussion

To the best of our knowledge, this is the first study
to investigate the micronutrient content of enteral
formulas available in Turkiye. The study demonstrated
that the intake of vitamin D, vitamin K, magnesium,
iron, sodium, potassium, and chloride provided by a
1500 kcal/day enteral formula is insufficient when
compared to established reference values. Among these
micronutrients, vitamin D, vitamin K, magnesium, and
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iron were particularly inadequate in most formulas, as
assessed according to the DRI, ESPEN, and TUBER-2022
guidelines, with variations depending on formula type
and gender-specific requirements. Additionally, when
the higher intake recommendations proposed by ESPEN
were considered, inadequacies extended to a broader
range of micronutrients, including vitamin A, vitamin
E, B-complex vitamins, zinc, selenium, chromium, and
molybdenum.

Current guideline emphasize that micronutrient
intake is directly influenced by daily energy intake.®
Existing literature has predominantly focused on the
micronutrient intake of hospitalized patients, particularly
those in intensive care unit (ICU). A systematic review
including nine studies assessing micronutrient intake in
ICU patients reported that vitamin B12, vitamin D, vitamin
C, vitamin A, thiamine, iron, folate, zinc, and selenium
were adequately provided by enteral feeding volumes
averaging 826-1600 mL/day, in accordance with the
DRIs (7). It is important to note that DRIs typically
offer more conservative recommendations tailored to
healthy or apparently healthy populations. In contrast,
ESPEN guidelines encompass more comprehensive
micronutrient recommendations that specifically address
the needs of critically ill patients, which may explain
discrepancies observed between the two frameworks.

Despite the widespread use of enteral nutrition, studies
evaluating micronutrient intake in comparison with
ESPEN guidelines remain limited. A study conducted
among 81 ICU patients demonstrated that an average
enteral nutrition intake of 1037 kcal/day was insufficient
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Figure 3. The amount of vitamin D, vitamin K, magnesium and iron in enteral formulas

This figure presents the individual contents of micronutrients found to be inadequate—vitamin D, vitamin K, magnesium, and iron—in all evaluated
adult enteral formulas available in Tirkiye. The red dashed line indicates the 100% adequacy threshold based on recommended intake levels.

to meet ESPEN recommendations for several
micronutrients, including vitamins A, D, C, E, as well as
selenium, manganese, and zinc." Similarly, a previous
study involving 226 ICU patients demonstrated that
even when enteral nutrition intake exceeded 1500 kcal/
day, the provision of niacin and vitamin D remained
insufficient when evaluated in accordance with standard
ESPEN guidelines.”

Nevertheless, when assessing micronutrient intake, it
is crucial to evaluate the actual micronutrient amounts
contained in enteral formulas. An evaluation of formula
composition reveals that micronutrient inadequacies
persist even at commonly recommended energy intakes
of 1500-1800 kcal/day. Supporting our findings, Yang
et al’® investigated the micronutrient content of 31
widely used commercial enteral formulas in China and
similarly reported that vitamin D, vitamin K, and iron

intakes at 1500 kcal/day were inadequate according to
ESPEN guidelines, despite being sufficient according
to the Chinese DRI standards. Likewise, another study
evaluating 62 widely used commercial enteral formulas
in relation to dietary reference values for European and
Italian populations found that at a 1500 kcal/day intake,
these formulas provided insufficient amounts of vitamin
K and fluoride, while some exceeded the tolerable upper
intake levels for zinc and vitamin A These results
collectively indicate that enteral formulas may not
consistently ensure adequate micronutrient provision
unless caloric intake exceeds specific thresholds.
Therefore, the potential need for additional micronutrient
supplementation, particularly in patients on long-term
enteral nutrition, should be carefully considered.

Patients receiving long-term EN are at increased risk of
adverse clinical outcomes due to potential micronutrient
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deficiencies.® Our findings indicate that EN formulas may
inadequately supply vitamin D, vitamin K, magnesium, and
iron. Vitamin D, vitamin K, and magnesium are essential for
maintaining bone health, muscle function, and immune
regulation.>™® Deficiencies in these micronutrients have
been linked to complications such as impaired immune
responses, increased risk of infections, and susceptibility
to falls and fractures, although the current study did
not assess clinical outcomes at the patient level.”"
Additionally, the iron content of the evaluated enteral
formulas was notably lower than the reference values,
particularly for women of reproductive age. Inadequate
iron intake has been associated in the literature with
various adverse clinical outcomes, including increased
risks of cardiovascular disease, diabetes, certain cancers
(such as breast and colorectal cancer), and depression.
However, these potential associations were not directly
evaluated in this study.?®

It is particularly important to consider the high-
requirement recommendations outlined by ESPEN for
criticallyill patientsandindividuals with acute malnutrition.
These recommendations are intended for short-term
repletion (typically not exceeding 15 days) to avoid the
need for intravenous micronutrient supplementation.®
However, our findings indicate that most of the evaluated
enteral formulas fall considerably short of meeting these
elevated requirements. This insufficient intake may
increase therisk of adverse clinical outcomes, highlighting
the importance of careful monitoring, consideration of
appropriate supplementation, and possibly reformulation
of existing products to better meet clinical needs. Further
research assessing patient-level outcomes is warranted.

Furthermore, our data indicated inadequate sodium,
potassium, and chloride content in enteral formulas.
However, these electrolytes are naturally present in
drinking water, and patients receiving enteral nutrition
may meet their requirements through additional water
intake. Moreover, we did not identify any data indicating
adverse clinical outcomes specifically associated with
deficiencies of these electrolytes under these conditions.

This study has several limitations that should be
acknowledged. First, the micronutrient data were
derived from manufacturers’ product labels rather than
direct laboratory analyses; thus, potential discrepancies
between declared and actual nutrient content cannot be
ruled out. Second, the analysis was limited to formulas
available in the Turkish market, which may limit the
generalizability of findings to other countries or regions.
Third, only the theoretical nutrient content based on
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standardized daily energy intakes (1500 and 1800 kcal/
day) was evaluated; actual patient intake may vary due
to interruptions in feeding, gastrointestinal tolerance,
or clinical conditions. Additionally, this study did not
assess the bioavailability or clinical outcomes associated
with micronutrient intake, which may further influence
nutritional adequacy. Finally, no statistical comparisons
or hypothesis testing were performed, as the primary aim
of the study was to provide a descriptive evaluation and
guideline-based comparison. Additionally, the relatively
small sample sizes within each formula subgroup limited
the feasibility of meaningful statistical analysis.

In conclusion, this study highlights that adult enteral
formulas commonly used in clinical practice may not
sufficiently meet the recommended intake levels of
several essential micronutrients, particularly when
assessed according to ESPEN guidelines. Micronutrient
inadequacies, especially in vitamin D, vitamin K,
magnesium, and iron, persist even at energy intakes
of 1500-1800 kcal/day. These deficiencies may have
significant clinical implications, especially for patients
on long-term enteral nutrition or those with increased
micronutrient requirements, such as critically ill
individuals. The potential need foradditional micronutrient
supplementation should be carefully considered inroutine
clinical practice to prevent adverse health outcomes.
Furthermore, the findings emphasize the importance of
revisiting the formulation of enteral products to ensure
they adequately address the micronutrient needs of
ICU patient populations. Further research is warranted
to explore the clinical impact of these inadequacies
and to establish optimal supplementation strategies.
Specifically, well-designed interventional studies are
needed to evaluate the effectiveness and safety of
micronutrient supplementation in different patient
populations receiving enteral nutrition. Such studies
would provide valuable evidence to guide clinical
decision-making and improve patient outcomes.
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ABSTRACT

Background: This is the first study to focus exclusively on a pure ischemic stroke cohort, exploring serum glutamine levels and
their association with oxidative stress markers and clinical outcomes.

Methods: 50 patients diagnosed with ischemic stroke were included in our study. We used methods such as LC-MS/MS to
measure glutamine levels with high accuracy. Oxidative stress markers, including total antioxidant capacity (TAC) and total
oxidant status (TOS), were also analyzed. Stroke severity was assessed using the National Institutes of Health Stroke Scale
(NIHSS), and functional outcomes were evaluated using the modified Rankin Scale (mRS) at 90 days.

Results: Serum glutamine levels varied significantly based on stroke severity. Patients with NIHSS >16 demonstrated significantly
lower glutamine levels compared to those with NIHSS <16. Dynamic changes in glutamine levels were observed, with levels
decreasing between days 1 and 4 and increasing between days 4 and 10 . Patients undergoing therapeutic interventions
(tPA or endovascular therapy) showed more stable glutamine levels compared to untreated patients (P = 0.028). Elevated
TOS levels independently predicted mortality (hazard ratio [HR]: 2.34, 95% ClI: 1.45-3.79, P = 0.002), while persistently low
glutamine levels were associated with poor outcomes (HR: 0.89, 95% Cl: 0.78—0.98, P = 0.03).

Conclusion: The observed fluctuations in glutamine levels provide valuable insights into stroke severity, recovery, and mortality,
suggesting their potential role in clinical prognosis. Our findings suggest that glutamine could play a critical role as a biomarker
and therapeutic target in ischemic stroke, particularly in patients with NIHSS> 16.

Keywords: serum glutamine, ischemic stroke, biomarkers, clinical outcomes, oxidative stress, LC-MS/MS

Introduction public health problem with profound socioeconomic

consequences.! Among all strokes, ischemic stroke
Stroke is the second leading cause of death and the third accounts for 87% of cases and is characterized by acute
leading cause of disability worldwide, posing a significant neuronal injury, inflammation, and oxidative stress.?
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Despite significant advances in acute stroke care,
identifying biomarkers that predict clinical outcomes and
guide therapeutic interventions remains critical.

Glutamine, the most abundant amino acid in the
human body, plays a central role in metabolic and
immune processes, including serving as a precursor for
glutathione, glutathione regulates oxidative stress and
maintains intracellular redox.® Balance a key antioxidant
that mitigates oxidative damage during ischemia.*®
Although glutamine is synthesized endogenously
under normal conditions, its levels can deplete during
hypermetabolic states such as sepsis, trauma, and severe
illness, which leads to its classification as a conditionally
essential amino acid.®™ Glutamine also contributes
to nitrogen balance, pH regulation, and immune cell
function, making it a critical player in physiological stress
responses.® However, its role in ischemic stroke—
particularly the dynamic changes in its levels—has been
underexplored.

Oxidative stress, driven by an imbalance between
oxidants and antioxidants, is a major contributor to
secondary neuronal injury in ischemic stroke."* Markers
such as total oxidant status (TOS) and total antioxidant
capacity (TAS) provide valuable insights into the oxidative
environment and its relationship with disease severity.’>®
Numerous studies explore oxidative stress in stroke, yet
little is known about how glutamine dynamics interplay
with these parameters.® This gap highlights the need for
further research into how these factors influence stroke
outcomes.

Previous studies, such as the Redox trial, have primarily
focused on heterogeneous patient populations,
measuring glutamine levels only at single time points.”

Main Points

« Serum glutamine levels serve as an independent
biomarker for both stroke severity and prognosis in
acute ischemic stroke.

« Early reductions in glutamine levels are associated
with increased oxidative stress and poor clinical
outcomes.

 Patients treated with IV-tPA or endovascular therapy
exhibited more stable glutamine levels, indicating the
metabolic benefits of these interventions.

+ Monitoring glutamine levels may guide personalized
treatment strategies and support future research
into glutamine-focused therapeutic approaches.

In contrast, this study exclusively examines primary and
clean ischemic stroke patients, offering a homogeneous
cohort. By sequentially measuring serum glutamine levels
on Days 1, 4, and 10, it aims to provide a comprehensive
view of glutamine’s trajectory and its relationship with
oxidative stress, stroke severity, and clinical outcomes.

By longitudinally analyzing serum glutamine levels
in ischemic stroke patients, this study offers new
perspectives on its role as a biomarker and a possible
therapeutic avenue. We hope that these findings will
inspire further research and pave the way for better
patient care.

Materials and Methods

Study design and patient selection

This prospective study was conducted at Dicle University
Faculty of Medicine Hospital between June 2023
and November 2023. Fifty patients with a confirmed
diagnosis of acute ischemic stroke were included. In
the power analysis conducted prior to determining
the sample size, assuming a = 0.05 and an effect
size of d = 0.8 (Cohen’s large effect size), a sample
size of 46 patients was determined to provide 95%
power. Diagnosis was based on clinical presentation,
neurological examination, and neuroimaging studies
conducted within 24 hours of symptom onset. Patients
were subsequently admitted to the Neurology Intensive
Care Unit for further management. All patients received
standard polymeric enteral nutrition products during the
study period to ensure consistent nutritional treatment.
In this study, the IV-tPA/EVT group consisted of patients
who received either intravenous tissue plasminogen
activator (IV-tPA) or mechanical intervention, while
the Antithrombotic Therapy Only group included those
managed conservatively with antiplatelet oranticoagulant
medications. Antithrombotic therapy aims to prevent clot
formation and reduce the risk of recurrence in ischemic
stroke. The study was approved by the Ethics Committee
of Dicle University (Approval No: 149 / May 17,2023), and
informed consent was obtained from all participants or
their legal representatives.

The inclusion criteria encompassed patients aged 18
years or older, admitted to the intensive care unit due to
ischemic stroke, with a hospital stay of at least 10 days,
and who had blood samples taken within the first 24 hours
of admission. Exclusion criteria included acute or chronic
kidney or liver diseases, pregnancy, use of antioxidant
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supplements (vitamin C or vitamin E), or treatment with
glutamine-enriched nutritional solutions.

Biochemical assays

To ensure precise and sensitive measurement, serum
glutamine levels were assessed at three-time points—
days 1, 4, and 10—using the advanced LC-MS/MS
(Liquid  chromatography—mass  spectrometry/mass
spectrometry technique. Oxidative stress markers,
including total oxidant status (TOS) and total antioxidant
capacity (TAC), were measured using validated
biochemical assays. The oxidative stress index (OSI) was
calculated as the ratio of TOS to TAC.

Stroke severity and outcomes assessment

Stroke severity was primarily evaluated using the
National Institutes of Health Stroke Scale (NIHSS) at
admission, which provides a robust measure of initial
stroke impact and severity. NIHSS scores were analyzed
as key predictors of clinical outcomes, with higher scores
indicating greater stroke severity. In patients with NIHSS
scores above 16, glutamine levels were observed to
decrease more significantly, further emphasizing the
relationship between NIHSS and metabolic disturbances.
Functional outcomes, assessed at 90 days post-stroke
using the modified Rankin Scale (mRS), were used as
a secondary measure to categorize recovery. Patients
achieving mRS < 2 were classified as having favorable
outcomes, while those with mRS > 2 were classified as
having poor outcomes. Mortality within 90 days was
also recorded and correlated with initial NIHSS scores
to highlight its prognostic significance. To minimize
bias, outcome assessments were performed by blinded
evaluators who were unaware of the patient’s serum
glutamine and oxidative stress levels.

Statistical analysis

Descriptive statistics were used to summarize baseline
demographic and clinical data. Continuous variables
were presented as means + standard deviations or
medians with interquartile ranges, depending on their
distribution. Categorical variables were expressed as
frequencies and percentages. Group comparisons were
performed using the Mann-Whitney U test or chi-square
test as appropriate.

Univariate and multivariate Cox regression analyses

were conducted to identify predictors of mortality and
functional outcomes. Variables with a P-value < 0.1 in
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univariate analysis were included in multivariate models.
Statistical significance was set at P < 0.05. Analyses
were performed using SPSS software version 29.0 (IBM,
Armonk, NY).

Results

A total of 50 ischemic stroke patients were included in
the study. The median age was 65 years (range: 45-85
years), and 60% were male. The median NIHSS score at
admission was 14 (range: 4-24), with 90-day mortality
recorded at 20%. Baseline demographic and clinical
characteristics of patients with acute ischemic stroke.
The table presents data on sex distribution, median age,
NIHSS scores, stroke etiology, and treatment modalities.
Patients are categorized based on treatment type (IV-
tPA/EVT vs. antithrombotic therapy) and 90-day mRS
outcomes in Table 1.

Comparative analysis of oxidative stress parameters (TAS,
TOS, OSI) among survivors and non-survivors, as well as
patients with NIHSS <16 and >16. Data are presented as
mean + standard deviation. Significant differences are
highlighted, emphasizing the role of oxidative stress in
stroke outcomes in Table 2.

Mean serum glutamine levels (umol/L) were measured
on Days 1, 4, and 10 for all patients. Temporal changes
in these levels during the study period were assessed
using repeated measures ANOVA, with the results
detailed in Table 3, positioned below to illustrate these
dynamic fluctuations and statistical comparisons
comprehensively.

Serum glutamine levels varied significantly based on
stroke severity. Patients with severe stroke (NIHSS
>16) demonstrated significantly lower glutamine levels
compared to those with mild-to-moderate stroke
(median: 540 umol/L vs. 620 pmol/L, P = 0.01). Oxidative
stress parameters showed corresponding changes, with
elevated Total Oxidant Status (TOS) and reduced Total
Antioxidant Capacity (TAC) in the severe stroke group (P
<0.05 for both).

Dynamic changes in serum glutamine levels during the
study period were also observed. Between days 1 and 4,
glutamine levels decreased by a mean of-30.0 umol/L
(standard deviation: 135.1; P = 0.124). However, an
increase of 24.7 ymol/L was noted between days 4 and
10, and changes between days 1 and 10 were minimal
(-5.3 ymol/L; P = 0.845).
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Table 1. Baseline demographic and clinical characteristics of
the study population

Variable n (%)

Sex

Female 20 (40)

Male 30 (60)

Age (Median + Range) 65 (45-85)

NIHSS

<16 21 (42)

216 29 (58)

Stroke Aetiology

Cardioembolic 18 (36)

Large vessel occlusion 17 (34)

Small vessel occlusion 4 (8)

Cryptogenic 9 (18)

Other 2 (4)

Treatment

Endovascular and IV tPA Treatments 32 (64)
EVT (Endovascular Thrombectomy) 30 (60)
IV tPA (Intravenous Tissue 2 (4)
Plasminogen Activator)

Antithrombotic or Anticoagulant 18 (36)

Treatment

mRS at 3 Months

Fully independent (mRS < 3) 29 (58)

Dependent (3 < mRS < 5) 6 (12)

Mortality (mRS = 6) 15 (30)

Serum glutamine levels (umol/L) at Days 1, 4, and
10 in patients treated with IV-tPA/EVT versus those
receiving antithrombotic therapy only. The table includes
within-group comparisons over time and between-
group comparisons at each time point, highlighting

Table 2. Relationship between oxidative stress parameters, NIHSS,

Parameter Survivors (n=40)  Non-survivors (n=10)
TAS (mmol Eq/L) 1.22 +0.29 1.34 £ 0.52
TOS (umol Eq/L) 249 +14.0 22.1+30.8
oSl 204 +52 28.3+10.1

Data are presented as mean + standard deviation., P values compare survivors vs.

TOS: Total Oxidant Status; OSI: Oxidative Stress Index.

the stabilizing effect of IV-tPA/EVT on glutamine
levels in Table 4. Patients undergoing treatment (tPA
or endovascular therapy) exhibited distinct patterns
of serum glutamine changes compared to those not
receiving treatment. Treated patients demonstrated
more stable glutamine levels over the study period, while
untreated patients showed a marked decline. A significant
difference in glutamine changes between days 1 and 10
was observed between treated and untreated groups
(29.1 umol/L vs. -66.5 ymol/L, P = 0.028).

In univariate Cox regression analysis, elevated TOS levels
were associated with a higher risk of mortality (hazard
ratio [HR]: 2.34, 95% CI: 1.45-3.79, P = 0.002). Serum
glutamine levels independently predicted favorable 90-
day functional outcomes (mRS < 2, HR: 0.89, 95% CI:
0.78-0.98, P = 0.03). Multivariate analysis confirmed the
independent prognostic value of serum glutamine levels,
along with age and NIHSS score at admission.

Additionally, serum glutamine levels on admission were
found to correlate inversely with stroke severity as
determined by NIHSS score. Patients with persistently
low glutamine levels throughout the study period were
more likely to exhibit poor outcomes, emphasizing the
importance of glutamine depletion as a prognostic
factor. Furthermore, the significant association between
oxidative stress markers (elevated TOS and reduced TAC)
and glutamine levels highlights the interplay between
metabolic and oxidative pathways in ischemic stroke
severity and progression.

Figure 1. Glutamine concentrations (umol/L) were
measured on Days 1, 4, and 10 across different patient/
follow-up categories. Day 1 (blue): The highest glutamine
levels were generally observed. Day 4 (orange): A
significant decline was noted in most categories,
consistent with a stress response or catabolic state. Day
10 (green): Partial recovery or stabilization was observed
in some categories (particularly 1, 6, 9, 10, and 11). These
changes highlight time-dependent, individualized
metabolic responses and inter-category heterogeneity.

and mortality

P NIHSS <16 (n=21)  NIHSS 216 (n=29) P

0.307 125+ 0.31 121+ 0.50 0.992
0.857 223125 259 +19.6 0.191
0.045 19.8 £4.5 246+7.8 0.023

non-survivors and NIHSS <16 vs. NIHSS >16. TAS: Total Antioxidant Status;
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Table 3. Mean glutamine levels of all patients by day.

Day Mean Glutamine Level (umol/L) Standard Deviation P-value
Day 1 611.0 155.7

Day 4 600.8 210.6

Day 10 605.7 137.8 0.353

Values are presented as mean + standard deviation. P-value refers to a comparison across all three-time points, assessed using Repeated Measures ANOVA.

Table 4. Glutamine levels in treated and untreated patients

Parameter Treated (n=32) P* Untreated (n=18) P* P (Treated vs. Untreated)
Glutamine at Day 1 (umol/L) 589.8 +169.5 0.304 648.8 +122.8 0.094 0.163
Glutamine at Day 4 (umol/L) 578.3 £130.3 585.9 + 130.6 0.845
Glutamine at Day 10 (umol/L) 618.9 + 1453 582.3 +123.7 0.352
Change (Day 1to Day 4) -11.5 £ 1415 0.245 29.1+146.3 0.221 0.180
Change (Day 4 to Day 10) 4056 £ 147.0 361229 0.263
Change (Day 1to Day 10) 29.1+146.3 -66.5 +139.5 0.028

Data are presented as mean + standard deviation. P** compares values within the group across time points. P compares values between treated and
untreated groups at the same time points.

Glutamine Concentration Over Time
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Figure 1. Changes in glutamine concentration (umol/L) measured across different categories on Day 1, Day 4, and Day 10
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Discussion

This study provides novel insights into the dynamic
changes in serum glutamine levels and their association
with clinical outcomes in acute ischemic stroke patients.
Our findings demonstrate that lower serum glutamine
levels are significantly associated with greater stroke
severity and worse functional outcomes, emphasizing the
potential role of glutamine as a biomarker for ischemic
stroke prognosis.

Oxidative stress plays acritical role in the pathophysiology
of ischemic stroke.'*™ Elevated total oxidant status
(TOS) and reduced total antioxidant capacity (TAS)
observed in this study align with prior evidence
highlighting heightened oxidative stress in severe stroke
cases. However, integrating serum glutamine levels with
oxidative stress parameters offers a unique perspective
on the metabolic disturbances influencing stroke severity
and recovery. Glutamine, known for its role in glutathione
synthesis and nitrogen balance maintenance, appears to
reflect a systemic response to acute stress, consistent
with findings in critically ill populations.5112

The decline in glutamine levels during the early
hospitalization phase observed in this study likely reflects
its utilization in critical processes such as immune
modulation and stress response. This trajectory supports
previous studies reporting reduced glutamine levels in
hypercatabolic states, including sepsis and trauma.t"

The subsequent increase in glutamine levels after day
4, particularly among patients undergoing therapeutic
interventions such as endovascular therapy or tissue
plasminogen activator (tPA) administration, suggests a
metabolic recovery facilitated by these treatments.”

A key finding of this study is the independent predictive
value of serum glutamine levels for functional outcomes
at 90 days, alongside established predictors such as age
and NIHSS score. This underscores glutamine’s potential
utility as a biomarker to guide clinical decisions and tailor
therapeutic strategies for ischemic stroke patients.*®
These results complement earlier studies demonstrating
the prognostic significance of glutamine in critically ill
patients.“r12“7’19

Employing blinded evaluators and applying standardized
protocols for patient inclusion mitigated potential
sources of bias. However, the single-center design may
limit the generalizability of the findings.

While the findings are promising, the single-center
design and relatively small sample size may limit the
generalizability of the results. Multicenter studies with
larger cohorts are needed to confirm these findings
and enhance external validity. Moreover, the lack of
longitudinal glutamine measurements beyond 10 days
and the absence of a control group without stroke
warrant a cautious interpretation of the results. Future
research with larger, multicenter cohorts and extended
follow-up periods is needed to validate these findings
and further explore the mechanistic pathways linking
glutamine metabolism to stroke outcomes.

In conclusion, our study highlights the prognostic
significance of serum glutamine levels in acute ischemic
stroke. Glutamine serves not only as a marker for stroke
severity but also as a potential target for therapeutic
intervention. These findings open new avenues for
research into integrating glutamine-focused strategies
into comprehensive stroke management protocols,
addressing both the metabolic and oxidative stress
components of ischemic stroke.

Conclusion

This study underscores the critical role of serum
glutamine levels as a biomarker for ischemic stroke
severity and prognosis. Our findings demonstrate that
dynamic changes in glutamine levels during the acute
phase of stroke are strongly associated with stroke
severity, as measured by the NIHSS score, and functional
outcomes at 90 days. The integration of glutamine
measurements with oxidative stress parameters provides
a novel perspective on the metabolic and physiological
disturbancesinischemic stroke, highlighting new avenues
for research and clinical intervention. Specifically,
persistently low glutamine levels were found to correlate
with poor outcomes, while treated patients exhibited
more stable glutamine levels over time compared to
untreated patients.

The self-controlled design of this study enabled the
analysis of dynamic glutamine changes within the same
patient cohort, minimizing inter-patient variability. This
focus on a well-defined, primary ischemic stroke group
enhances the specificity and relevance of our findings,
differentiating this study from prior research involving
heterogeneous or mixed patient populations.

Future studies should validate these findings in larger,
multicenter cohorts and explore the mechanistic
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pathways linking glutamine metabolism to neuronal
recovery and functional improvement. Additionally, the
potential role of glutamine supplementation in improving
metabolic and oxidative outcomes warrants further
investigation, particularly in patients with severe stroke
and persistently low glutamine levels. These efforts will
enhance our understanding of stroke pathophysiology
and improve patient outcomes through personalized
medicine approaches.
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ABSTRACT

Objective: Early detection of sarcopenia using accessible screening tools is essential but challenging due to the limitations of
current instruments. The purpose of this study was to validate the Mini Sarcopenia Risk Assessment (MSRA-7 and MSRA-5)
questionnaires in Turkish.

Methods: A total of 157 community-dwelling older adults were consecutively recruited from an outpatient geriatric clinic.
Muscle strength and mass were measured using handgrip strength, chair stand test, and bioelectrical impedance analysis.
Since only one participant met the criteria for confirmed sarcopenia, analyses focused on probable sarcopenia as defined
by the European Working Group on Sarcopenia in Older People (EWGSOP2). Reliability was assessed with Cronbach’s alpha
and intraclass correlation coefficients (ICCs). Construct validity was evaluated via Spearman correlation with the SARC-F
questionnaire. Diagnostic performance was analyzed using ROC curves.

Results: The Turkish MSRA-7 and MSRA-5 demonstrated acceptable internal consistency (Cronbach's alpha: 0.650 and
0.705, respectively) and excellent reliability (ICC range: 0.971-0.992). Both versions showed strong negative correlations with
SARC-F (r = -0.767 for MSRA-7; r = -0.781 for MSRA-5, p < 0.001), confirming construct validity. ROC analysis yielded AUC
values of 0.688 for MSRA-7 and 0.721 for MSRA-5. The MSRA-5 showed slightly superior diagnostic accuracy.

Conclusion: The Turkish adaptations of the MSRA-7 and MSRA-5 demonstrate validity and reliability as instruments for
screening probable sarcopenia. Given its stronger internal consistency and diagnostic performance, in clinical practice, the

MSRA-5 could be the preferred tool for early identification and intervention in older adults in Turkiye.

Keywords: older adults, sarcopenia, screening tool

Introduction

Sarcopenia, defined as the progressive loss of muscle
mass and function with aging, is a serious public health
issue associated to higher risks of falls, frailty, functional
decline, and mortality.” Despite its clinical significance,
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no universal consensus exists on its diagnostic criteria
or cut-off points. Several international organizations,
including the European Working Group on Sarcopenia
in Older People (EWGSOP2)?, have proposed criteria
emphasizing muscle strength along with assessment of
skeletal muscle mass (SMM).
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However, these diagnostic methods are often
inaccessible in routine clinical practice, contributing
to the underdiagnosis of sarcopenia. To address this,
simple screening tools have been developed, such as
the Strength, Assistance with walking, Rise from a chair,
Climb stairs, and Falls (SARC-F) questionnaire.® Despite
its widespread use, the SARC-F questionnaire has been
shown to have low sensitivity, which may result in a
substantial number of sarcopenia cases being overlooked.
In the Turkish validation study by Bahat et al., SARC-F
demonstrated sensitivity values ranging between 25%
and 50 %, depending on the diagnostic criteria applied,
further highlighting its limitations in reliably identifying
individuals at risk.*

Rossi et al. developed the Mini Sarcopenia Risk
Assessment (MSRA) questionnaire to enhance
screening accuracy, achieving a sensitivity of 80.4%
and a specificity of 60.4%.> The MSRA questionnaire
is available in two formats: MSRA-7 and MSRA-5.
The original MSRA-7 version consists of seven items
assessing key risk factors for sarcopenia, including age,
weight loss, level of physical activity, mobility limitations,
recent hospitalization and protein intake (via questions
on dairy and meat consumption). Each item is scored
with weighted values, yielding a total score ranging
from O to 40, where lower scores indicate higher risk for
sarcopenia. The shortened MSRA-5 version omits the two
nutrition-related items (dairy and meat intake), resulting
in a 5-question tool with a total score range from O to 60.
In both versions, cut-off values have been established to
differentiate individuals at risk, allowing for rapid, non-
invasive screening in clinical and community settings.

Main Points

» The Turkish versions of the Mini Sarcopenia Risk
Assessment (MSRA-7 and MSRA-5) questionnaires
demonstrated acceptable validity and excellent
reliability for screening sarcopenia among older
adults.

« The MSRA-5 version showed slightly better internal
consistency and diagnostic performance compared
to MSRA-7, suggesting it may be the preferred tool
for clinical practice in Turkiye.

» Strong negative correlations with the SARC-F
questionnaire support the construct validity of the
Turkish MSRA versions, and newly identified cut-off
points enhance their applicability in the Turkish older
population.

The MSRA questionnaire has been validated in multiple
languages, including Thai, Polish, Spanish, Greek,
Brazilian Portuguese, and Chinese, underscoring its
cross-cultural applicability.®™ Given Tiirkiye's aging
population and the increasing prevalence of sarcopenia,
a validated Turkish version is essential. The objective of
this study is to translate, culturally adapt, and validate
the MSRA questionnaire for Turkish-speaking older
adults, ensuring its effectiveness in clinical and research
settings. Establishing a reliable screening tool will aid
early intervention and improve health outcomes for older
individuals in Turkiye.

Materials and Methods

Subjects

The study participants were community-dwelling
older individuals aged 65 and above, recruited
from an outpatient Geriatrics clinic. Demographic
information, including participants’ age, sex, and level
of education was recorded. Furthermore, all participants
had a comprehensive geriatric assessment, which
encompassed evaluations of functional status with
the Katz Index of Independence in Activities of Daily
Living™™, Lawton Brody Instrumental Activities of Daily
Living scale™®, Clinical Frailty Scale (CFS)®, depressive
symptoms via the Yesavage Geriatric Depression Scale
(YDS)"'8, nutritional status with the Mini Nutritional
Assessment—Short Form  (MNA-SF)®2°,  cognitive
function measured by Standardised Mini-Mental State
Examination (SMMSE)?, and sarcopenia screening with
SARC-F3# and Turkish versions of MSRA.

Exclusion criteria included the existence of severe
cognitive impairment, acute ilinesses or exacerbations of
chronic diseases requiring hospitalization, severe hearing
or visual impairments preventing accurate questionnaire
completion, and refusal to participate. All participants
provided informed consent prior to enroliment. The study
protocol was approved by the local ethics committee
of Hacettepe University Health Sciences Research
Ethics Committee (Reference number GO 21/644) and
conducted in accordance with the Declaration of Helsinki.

Translation and adaptation process

Permission for the use of the MSRA has been obtained
from Dr. Andrea P. Rossi, corresponding author of the
original study.® The translation and cultural adaptation
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of the MSRA-7 and MSRA-5 questionnaires into Turkish
were performed following standardized international
guidelines for cross-cultural adaptation of health-related
measures. Initially, the MSRA questionnaires were
independently translated into Turkish by two bilingual
experts. The two translations were compared, and
discrepancies were resolved by consensus, resulting in a
single forward-translated Turkish version. Subsequently,
this version underwent backward translation into English
by two independent translators unfamiliar with the
original questionnaire. The backward-translated versions
were compared with the original questionnaires to
ensure consistency and equivalency. A panel of experts,
reviewed the translations for cultural appropriateness and
relevance. After minor modifications, including changing
the term 'milk coffee’ to ‘tea or coffee’ to align with Turkish
cultural preferences and removing the term ‘ragout’ due
to the absence of an equivalent Turkish word, the Turkish
versions were pretested with a sample of older adults
(n=16) for clarity and comprehensibility, resulting in the
final Turkish MSRA questionnaires (Appendix).

Reliability

Internal consistency reliability was assessed using
Cronbach’s alpha. Inter-rater reliability was evaluated by
comparing questionnaire results from two independent
raters who assessed the same participants (n=16) on the
same day. Intra-rater reliability (test-retest reliability)
was measured by having the same rater administer the
questionnaire to the same participants with an interval of
approximately two weeks. Both inter-rater and intra-rater
reliabilities were analyzed using ICCs, with values >0.75
indicating excellent reliability.

Measurement of muscle strength and muscle
mass

Handgrip strength was assessed using a calibrated
handheld dynamometer (T.K.K.5401;, Takei Scientific
Instruments). Participants performed the measurement
three times for the dominant hand, and the highest
recorded value (kg) was used. Muscle strength was
additionally assessed through the chair stand test,
measuring the time (seconds) taken to rise from a chair
five consecutive times without arm support. Skeletal
muscle mass was evaluated by bioelectrical impedance
analysis (BIA) using a validated device (Bodystat
QuadScan 4000). Skeletal muscle mass index (SMMI)
was calculated by dividing appendicular skeletal muscle
mass by height squared (kg/m?).
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According to the Revised European Working Group
on Sarcopenia in Older People (EWGSOP2) criteria,
sarcopenia is defined as the presence of reduced muscle
strength (HS <27 kg in men, <16 kg in women or chair
stand test >15 s) combined with low muscle mass (<7
kg/m? for men and <5.5 kg/m? for women). Probable
sarcopenia is identified when low muscle strength is
detected.? Since only one participant met the EWGSOP2
criteria for confirmed sarcopenia, all analyses in this study
were conducted based on the presence or absence of
probable sarcopenia, which reflects reduced muscle
strength without confirmed low muscle mass.

Statistical analyses

Descriptive statistics were presented as median
(interquartile range [IQR]) for non-normally distributed
continuous variables, mean + standard deviation
(SD) for normally distributed continuous variables,
and frequencies and percentages (%) for categorical
variables. Comparisons between groups were performed
using t-test or Mann-Whitney U tests for continuous
variables, where appropriate and Chi-square tests for
categorical variables. Construct validity was evaluated
using Spearman correlation coefficients between the
Turkish  MSRA versions and SARC-F questionnaire.
Receiver operating characteristic (ROC) curve analysis
was performed to determine optimal cut-off points,
sensitivity, and specificity for predicting probable
sarcopenia. All statistical analyses were performed using
SPSS version SPSS 25.0 (IBM Corp., Armonk, NY) with
statistical significance set at p<0.05.

Results

A total of 157 participants (64.3% women) with a median
age of 72 (68-78) were included in the study. Significant
sex differences were observed in several demographic
and clinical characteristics (Table 1). Women had notably
lower education levels (87.1% <5 years vs. 48.2% in men,
p<0.001), higher prevalence of hypertension (80.2% vs.
64.3%, p=0.028), lower prevalence of cardiovascular
diseases (16.8% vs. 39.3%, p=0.002), and higher body
mass index (BMI) (median BMI: 29.70 vs. 27.40 kg/m?,
p<0.001). Regarding components of comprehensive
geriatric assessment, women showed slightly lower
independence in activities of daily living as measured
by the Katz and Lawton-Brody scales. Additionally,
women had significantly higher YDS and CFS scores,
and lower MNA-SF and SMMSE scores, and physical
performance parameters such as handgrip strength and
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Table 1. Demographic and clinical characteristics of the study population

Age

Education time

Women (n=101)
72.0 (67.5-78.5)

< 5 years 88 (87.1%)

> 5 years 13 (12.9%)
Hypertension 81(80.2%)
Diabetes mellitus 57 (56.4%)
Cardiovascular Disease 17 (16.8%)
Cerebrovascular Disease 7 (6.9%)
BMI (kg/m?) 29.70 (27.35-34.10)
Katz 6 (5-6)
Lawton Brody 8 (6-8)
YDS 4 (1-6)
MNA-SF 13 (11-14)
CFS 3(3-5)
SMMSE 26 (22.5-28)

Handgrip strength (kg)
Chair stand test (s)

18.70 (14.70-22.85)
15.06 (13.0-18.11)

SARC-F 3(1-5)
MSRA-7 25 (15-30)
MSRA-5 40 (15-52.5)
SMMI (kg/m?) 9.52 £ 1.19
Probable Sarcopenia 54 (53.5%)

Men (n=56) P
72.5(68.2-77.0) 0.65
27 (48.2%) <0.001
29 (51.8%)
36 (64.3%) 0.028
28 (50.0%) 0.50
22 (39.3%) 0.002
2(3.6%) 0.38
27.40 (24.65-29.90) <0.001
6 (6-6) 0.004
8(8-8) 0.024
1(0-3) <0.001
14 (13-14) <0.001
3(2-3) <0.001
29 (26.25-30) <0.001
28.45 (21.75-32.85) <0.001
14.55 (10.78-16.96) 0.036
1(0-4) 0.008
30 (20-35) 0.003
55 (35-55) <0.001
11.01+ 1.46 <0.001
35 (62.5%) 0.31

BMI: Body mass index, CFS: Clinical Frailty Scale, MNA-SF: Mini Nutritional Assessment Short Form, MSRA-5: Mini Sarcopenia Risk Assessment 5 items,
MSRA-7: Mini Sarcopenia Risk Assessment 7 items, SARC-F: Strength, assistance with walking, rise from a chair, climb stairs and falls, SMMI: Skeletal

Muscle Mass Index, SMMSE: Standardised Mini-Mental State Examination, YDS: Yesavage Geriatric Depression scale. Results were shown as mean + 2SD for
parametric variable (SMMI), median (IQR) for non-parametric variables (Age, BMI, Katz, Lawton-Brody, YDS and MNA-SF, CFS, SMMSE, handgrip strength,
chair stand test, SARC-F and MSRA scores), and as numbers (n) and percentiles (%) for categorical variables.

chair stand test scores. Women also scored higher in
sarcopenia screening tools (SARC-F, MSRA-7, MSRA-5)
and had lower skeletal muscle mass index (SMMI) values
compared to men. However, no significant difference
was found between sexes in the prevalence of probable
sarcopenia.

Reliability

Cronbach’s alpha was used to evaluate the internal
consistency of the Turkish MSRA questionnaires, which

demonstrated acceptable reliability with values of 0.650
for MSRA-7 and 0.705 for MSRA-5. Additionally, both
inter-rater and intra-rater (test-retest) reliability were
evaluated using ICCs. For MSRA-7, ICC was 0.983 (95%
Cl: 0.953-0.994) for inter-rater reliability and 0.992 (95%
Cl:0.977-0.997) for intra-rater reliability. Similarly, MSRA-
5 showed high reliability with ICC values of 0.971 (95%
Cl: 0.921-0.990) for inter-rater reliability and 0.988 (95%
Cl: 0.967-0.996) for intra-rater reliability. These findings
indicate excellent reliability of the Turkish versions of the
MSRA questionnaires.
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Construct validity

To evaluate the construct validity of the Turkish versions
of MSRA-7 and MSRA-5, Spearman correlation analyses
were conducted using the SARC-F questionnaire as a
comparator. Strong negative correlations were found
between SARC-F and both MSRA-7 (r = -0.767, p < 0.001)
and MSRA-5 (r = -0.781, p < 0.001), indicating excellent
construct validity of the Turkish MSRA questionnaires.

Cut-off values

ROC curve analyses were conducted to determine
the diagnostic performance of MSRA-7, MSRA-5, and
SARC-F questionnairesin predicting probable sarcopenia.
The areas under the ROC curve (AUC) were 0.688 (95%
Cl: 0.609-0.759, p<0.001) for MSRA-7 (Figure 1), 0.721
(95% Cl: 0.644—0.790, p<0.001) for MSRA-5 (Figure 2),
and 0.723 (95% CI: 0.646-0.791, p<0.001) for SARC-F
(Figure 3).

The optimal cut-off points identified using the Youden
index were <20 for MSRA-7 (sensitivity: 53.93%,
specificity: 77.94%), <35 for MSRA-5 (sensitivity: 55.06%,
specificity: 80.88%), and 23 for SARC-F (sensitivity:
64.04%, specificity: 72.06%).

Sensitivity

A AUC = 0,688

* WEA. ; ; P < 0,001

0 I R B B MRS

0 20 40 50 80 100
100-Specificity

Figure 1. ROC curve illustrating the diagnostic performance
of the Mini Sarcopenia Risk Assessment (MSRA-7)
questionnaire in predicting probable sarcopenia
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Pairwise comparisons of ROC curves revealed no
statistically significant differences between MSRA-5,
MSRA-7, and SARC-F (MSRA-5 vs MSRA-7, MSRA-5
vs SARC-F, and MSRA-7 vs SARC-F; p=0.08, p=0.95,
p=0.28, respectively.) (Figure 4). These findings
suggest that all three tools have comparable diagnostic
performance for screening probable sarcopenia, with
MSRA-5 and SARC-F demonstrating slightly higher
overall accuracy compared to MSRA-7.

Discussion

The objective of this study was to translate, culturally
adapt, and validate the Turkish versions of the MSRA-
7 and MSRA-5 questionnaires for the screening of
sarcopenia in community-dwelling older adults in Turkiye.
Our findings exhibited acceptable validity and excellent
reliability of both Turkish MSRA versions, consistent
with previous validation studies in other populations and
languages.

In the original validation by Rossi et al.,, MSRA displayed a
sensitivity of 80.4% and specificity of 60.4% for detecting

sarcopenia risk among older ltalian adults.® In our studly,
MSRA-5 exhibited a sensitivity of 55.06% and specificity

100
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=
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20

S 5 5 AUC =072

I | ; P < 0,001

L o SR RFATehirull Shhhiul M MR

0 20 40 60 80 100
100-Specificity

Figure 2. ROC curveillustrating the diagnostic performance
of the Mini Sarcopenia Risk Assessment (MSRA-5)
questionnaire in predicting probable sarcopenia
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Figure 3. ROC curveillustrating the diagnostic performance
of the Strength, Assistance with walking, Rise from a chair,
Climb stairs, and Falls (SARC-F) questionnaire in predicting
probable sarcopenia

of 80.88%, whereas MSRA-7 had slightly lower sensitivity
(53.93%) and specificity (77.94%). Also, the MSRA-
7 version demonstrated a relatively lower Cronbach’s
alpha (0.650) compared to MSRA-5 (0.705), suggesting
moderate internal consistency. This discrepancy may
be partly attributed to the question regarding dairy
product consumption in the MSRA-7, which may
have introduced variability in participant responses.
In the Turkish context, cultural dietary habits, such as
variability in types and frequency of dairy intake may
lead to inconsistencies in how older adults interpret and
respond to this item. The MSRA-5 version notably omits
this question, concentrating instead on fundamental risk
factors including age, weight loss, physical activity, and
hospitalizations. This more streamlined structure appears
to contribute to its stronger internal consistency and
better overall diagnostic performance in our study, as
reflected by both higher Cronbach’s alpha and superior
ROC curve characteristics (AUC: 0.721 vs. 0.688 for
MSRA-7).

Comparing our results with other cross-cultural
validation studies, consistent trends emerge in favor
of the MSRA-5 questionnaire over MSRA-7 in terms of

100

&0

Sensitivity
[=5]
=

.
=

20

— MSRA-T

— SARCF

100-Specificity

Figure 4. Comparison of ROC curves for MSRA-7, MSRA-
5, and SARC-F questionnaires in predicting probable
sarcopenia

diagnostic accuracy. In the Chinese validation conducted
by Yang et al., MSRA-5 was shown to be more effective
than MSRA-7 for sarcopenia screening in community-
dwelling older adults, aligning with our own findings."
Similarly, the Polish validation reported high sensitivity
for both MSRA-7 and MSRA-5, however, MSRA-5
demonstrated better specificity compared to MSRA-7.7
In the Spanish validation study, MSRA-5 again showed
superior diagnostic performance compared to MSRA-
7.8 Taken together, these validation studies support the
notion that MSRA-5's more concise structure—focusing
on core sarcopenia risk factors such as age, mobility,
weight loss, comorbidities, and recent hospitalization—
may contribute to its superior diagnostic utility across
diverse populations. Our study confirms this pattern in
Turkish older adults, further reinforcing the MSRA-5 as
a culturally adaptable and clinically effective tool for
sarcopenia screening.

Despitetheknownlimitationsofthe SARC-Fquestionnaire,
particularly its low sensitivity for detecting sarcopenia®,
it was selected as the reference tool for evaluating
construct validity in this study due to its widespread
clinical use and endorsement by international guidelines.
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Specifically, the EWGSOP2 recommends SARC-F as a
first-line screening tool in clinical practice.? Its use across
diverse healthcare settings and populations provides a
practical benchmark for comparison with newly validated
instruments like the MSRA. Therefore, the strong negative
correlations observed between SARC-F and both MSRA-
7 and MSRA-5 further support the construct validity of
the Turkish versions of MSRA within a real-world clinical
screening context. The results align with those observed
in the earlier cross-cultural validation study by Pantouvaki
et al, where strong inverse correlations were found
between MSRA-7 and MSRA-5 scores and the SARC-F (r
= -0.741and r = -0.724, respectively; p < 0.001).°

The optimal cut-off points identified in our study (<20
for MSRA-7 and <35 for MSRA-5) differ slightly from
those reported in the original Italian validation and other
language adaptations. For example, Rossi et al. proposed
<30 for MSRA-7 and <45 for MSRA-5, reflecting
differences in population characteristics and sarcopenia
prevalence.® The lower thresholds observed in the Turkish
population may be attributed to cultural and dietary
habits, differing healthcare access, or variations in the
interpretation of specific questionnaire items, such as
those related to mobility and protein intake. These
findings underscore the significance of validation tailored
to specific contexts and emphasize the need to establish
culturally appropriate cut-off points to optimize the
diagnostic accuracy of sarcopenia screening tools across
diverse settings.

However, several limitations should be noted. Firstly,
our study utilized BIA for muscle mass measurement,
which, although practical, is less precise than imaging
techniques like dual-energy X-ray absorptiometry (DXA).
This limitation may influence the accuracy of sarcopenia
diagnosis. Secondly, our analyses were conducted
solely on patients with probable sarcopenia, as only one
participant was identified with confirmed sarcopenia
based on EWGSOP2 criteria. This limitation could restrict
the applicability of the findings to confirmed sarcopenia
cases and highlights the need for future studies to include
a larger number of individuals diagnosed with confirmed
sarcopenia. Additionally, our study was conducted
in a single outpatient setting, potentially limiting the
generalizability of findings to broader community or
institutional populations. Finally, although our sample size
was statistically adequate, larger multi-center studies
could further validate these results and explore subgroup
differences more comprehensively.
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Conclusion

In conclusion, the Turkish versions of the MSRA-7 and
MSRA-5 questionnaires exhibit strong psychometric
properties for screening sarcopenia among older
adults. The MSRA-5, with its slightly better diagnostic
performance, could be recommended as the preferred
screening tool in clinical practice. Their use can facilitate
early identification and intervention strategies in
clinical and research settings within Turkiye, ultimately
contributing to better geriatric care outcomes.
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Investigating preoperative nutritional status and determining
the predictors of nutritional status in pediatric surgery patients

Nazife Gamze Ozer OzIi'"®, Eda Ayten Kankaya'®, Fatma Vural’

'Faculty of Nursing, Dokuz Eyliil University, izmir, Tiirkiye

Cite this article as: Ozer Ozlii NG, Kankaya EA, Vural F. Investigating preoperative nutritional status and determining the predictors of nutritional status in
pediatric surgery patients. Clin Sci Nutr. 2025;7(2):102-112.

ABSTRACT

Objective: This study aimed to evaluate the preoperative nutritional status of pediatric surgery patients and identify predictive
factors influencing malnutrition.

Methods: A descriptive, cross-sectional study was conducted at a tertiary university hospital. Data were collected through
structured interviews with mothers of children aged three months to 16 years scheduled for elective surgery. Nutritional status
was evaluated using STRONGKkids tool, Gomez, Waterlow, and WHO classification. Logistic regression identified nutritional
risk predictors.

Results: Among 162 participants, Gomez and Waterlow classifications show that 66.0% and 76.5% of children are normal,
respectively, while WHO classification (z-scores) show that 50.0% of children are in the normal range, while 4.9% are severely
undernutrition when calculated without distinction of age. It also shows that 52.5% of children under 5 years of age are normal,
4.9% are severely undernutrition according to WHO classification, and 50.0% of children over 5 years of age are normal, 4.2%
are severely undernutrition. Significant differences in nutritional risk were observed based on gender (p=0.03), chronic disease
presence (p<0.01), and type of surgery (p<0.01). The analysis revealed that children undergoing thoracic surgery had a 3.16-
fold higher nutritional risk compared to those undergoing abdominal or genitourinary surgeries. The length of hospital stays
increased nutritional risk by 1.11 times per day. Maternal feeding attitudes were significantly associated with nutritional risk
(p<0.01). Preoperative laboratory values indicated lower hemoglobin, hematocrit, and albumin levels in high-risk groups.

Conclusions: Preoperative nutritional assessment is crucial in pediatric surgery. Surgery type, hospitalization length, and
maternal attitudes significantly impact nutritional risk. Early identification and targeted interventions can improve postoperative
outcomes and reduce complications. Further research should explore the effects of age and chronic disease on nutrition.

Keywords: pediatric surgery, nutritional status, STRONGkids tool, Gomez classification, Waterlow classification, z score,
predictive factors

Introduction complications, prolonged hospital stays, and delayed

wound healing.>® Research indicates that 45% to 62%
Preoperative nutritional status plays a crucial role of hospitalized children experience malnutrition, with
in pediatric surgery, significantly impacting surgical ~ longer hospital stays exacerbating the nutritional
outcomes, recovery time, and overall health.! Malnutrition decline.** Thoracic surgeries pose the highest risk due
before surgery is associated withincreased postoperative  to their effects on respiratory function and metabolism,
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highlighting the need for thorough nutritional assessment
and intervention.®

Several factors contribute to preoperative
malnutrition in pediatric surgery patients. Surgical
stress, metabolic demands, chronic conditions, and
extended hospitalization increase the risk of nutritional
deterioration.? Maternal feeding attitudes and parental
stress significantly affect children's preoperative
nutrition.” Studies show that negative feeding behaviors
and heightened parental anxiety correlate with child
malnutrition®, whereas educational interventions for
parents can improve children’s nutritional status and
overall well-being.?

Despite the known effects of malnutrition on surgical
outcomes, research on preoperative nutritional risk
remains limited. Most existing studies focus on specific
surgical subgroupsratherthancomprehensively analyzing
pediatric surgery patients.®” To address this gap, this
study evaluates preoperative nutritional status using
validated assessment tools such as the STRONGkids
Nutrition Screening Tool, Gomez classification, Waterlow
classification, and WHO classification criteria.’>®
Furthermore, the study investigates the influence of
demographic, clinical, and maternal factors on pediatric
patients’ nutritional risk.

By determining key predictors, this study aims to develop
targeted nutritional interventions for pediatric surgery
patients. Early identification and appropriate dietary
strategies can enhance postoperative recovery and long-
term health outcomes.

Main Points

» The preoperative nutritional status of pediatric
surgical patients varies significantly depending on
the assessment method used. WHO z-scores detect
more cases of malnutrition than the Gomez or
Waterlow classifications.

» Thoracic surgery, a prolonged preoperative hospital
stay, and older age are independent predictors of a
higher preoperative nutritional risk.

- Negative maternal feeding attitudes increase
nutritional risk in children before surgery, and early
screening with targeted interventions can help
reduce complications.

Aim
This study aimed to evaluate the preoperative nutritional

status of pediatric surgery patients and identify the
factors that predict it.

Methods

Study design and patients

This study was designed as a descriptive, cross-sectional,
and predictive. Data was collected through face-to-face
interviews between April 2022 and October 2023 at a
tertiary university hospital's pediatric surgery inpatient
clinic. Informed consent was obtained from the mothers
before data collection.

Inclusion criteria:

+ The child was planned for elective surgery.

+ The child was between 3 months and 16 years old.

+ The child had been hospitalized for at least one day.
+ The mother was 18 years old or older.

« The mother could read, write, and speak the local
language fluently.

Exclusion criteria:

« The child was admitted to the intensive care unit.
+ The child was undergoing emergency surgery.

+ The child had used steroids or appetite stimulants in
the last three months.

+ The child was receiving enteral or parenteral nutrition
therapy.

« The mother had sensory disabilities such as hearing
or vision impairments.

Outcomes

The primary outcome of this study was to evaluate
pediatric surgery patients’ preoperative nutritional
status using the STRONGKkids tool, Gomez classification,
Waterlow classification, and WHO classification.

The secondary outcomes included:

+ Investigating the impact of children’s demographic
characteristics, such as gender, age, breastfeeding
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status, duration of breastfeeding, duration of
complementary feeding, use of oral supplements,
use of supplementary vitamins, and presence of
chronic disease, on their nutritional status.

+ Examining how children’s clinical characteristics,
including the type of surgery, length of hospital
stays, weight, height, arm circumference, abdominal
circumference, hemoglobin, hematocrit, albumin,
and CRP levels, influence their nutritional status.

+ Assessing the effect of maternal characteristics,
such as maternal age, education level, working
status, and attitudes toward feeding, on the child’s
nutritional status.

+ Determining the predictive value of children’s
demographic and clinical characteristics and
maternal characteristics in the preoperative
nutritional assessment of pediatric surgery patients.

Sample size estimation

The sample size was determined using the G*Power
3.1.9.2 software.” Based on a medium effect size (0.05),
a theoretical power of 0.80, and a 95% confidence
interval®®, the minimum required sample size was
calculated as 98. However, 162 children and their mothers
voluntarily participated in the data collection. A post-
hoc power analysis was performed to verify the sample
size's adequacy. Using the mean scores of the Mothers'
Attitudes Towards the Feeding Process Scale (MATFPS)
according to the STRONGKkids tool, the effect size was
determined as 1.17, yielding a post-hoc power of 1.000,
with an alpha value of 0.05.

Assessment of nutritional status

Demographic and Clinical Characteristics: A structured
form, developed based on the relevant literature™23, was
used to collect data on:

+ Child-related variables: age, height, weight,
abdominal and arm circumference, sex, preoperative
diagnosis, planned surgical procedure, type of
surgery, presence of chronic diseases, use of oral
appliances, breast milk intake, supplementary food,
and vitamin intake, length of hospital stay, and
preoperative hemoglobin, hematocrit, albumin, and
CRP levels.

« Maternal variables: age, educational level, number
of children in the household and maternal feeding
attitude. The Mothers' Attitudes Towards the Feeding
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Process Scale (MATFPS) was used to determine
maternal nutritional attitudes. This 27-item scale,
developed by Dilsiz and Dag?, is a 5-point Likert
scale used to evaluate maternal attitudes toward
feeding. Total scores range from 27 to 135, with
higher scores indicating greater feeding-related
issues. In this study, the MATFPS demonstrated high
reliability (Cronbach’s alpha = 0.90).

- Nutritional Status Assessment Tools: In 1956,
Gomez introduced a classification of malnutrition
based on weight below a certain percentile of
the median weight for age (WFA)® In the 1970s,
Waterlow introduced a classification based on
weight for height (WFH) and also suggested the use
of standard deviation scores (SD scores)™, which
have been used by the World Health Organization
(WHO) since 1995."® Therefore, the Gomez, Waterlow
and WHO classification were used in the assessment
of nutritional status.

For consistency and comparative clarity, nutritional
status was categorized as normal, mild, moderate, and
severe across all systems: The Gomez classification
for weight-for-age is as follows: normal is greater than
90%, mild malnutrition is between 75-90%, moderate
malnutrition is between 60-74%, and severe malnutrition
is less than 60%. The Waterlow classification for height-
for-age (stunting) includes normal as greater than 95%,
mild stunting as between 90-95%, moderate stunting
as between 85-89%, and severe stunting as less than
85%. For weight-for-height (wasting), normal is greater
than 90%, mild wasting is between 81-90%, moderate
wasting is between 70-80%, and severe wasting is less
than 70%. Although the WHO does not formally define
“mild” wasting, for this study, z-scores between -1 and
-2 standard deviations are labeled as “mild” to enable
comparison across classification systems.

+ Gomez and Waterlow Malnutrition Classification: It
is based on body weight measurement and is widely
used to determine the degree of malnutrition. Gomez
published the first classification based on weight for
age. The measured weight is evaluated by comparing
it with the 50t percentile value of healthy children
of the same age and gender with good nutrition
(weight for age). It is widely used to determine the
degree of malnutrition. The Gomez classification
evaluates protein-energy malnutrition based on
weight-for-age: values 290% are considered normal,
76—89% indicate mild malnutrition (1%t degree), 61—
75% indicate moderate malnutrition (2" degree),
and <60% indicate severe malnutrition (3 degree).”
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The Waterlow classification was developed after
it was seen that weight-for-age alone was not
sufficient to define the etiology of malnutrition
in societies. It is used more frequently because it
includes height measurement and indicates chronic
malnutrition. In this classification, it distinguishes
between acute malnutrition (underweight) based
on weight-for-height and chronic malnutrition
(stunting) based on height-for-age. The Waterlow
classification distinguishes between acute and
chronic malnutrition. It evaluates wasting using
weight-for-height (WFH) for children under 5 years
or BMI-for-age for children aged 5 years and older—
not directly BMI values, and stunting using height-
for-age (HFA)."

- World Health Organization (WHO) Growth
Standards: This classification undernutrition is
assessed using weight-for-length/height z-scores
in children under 5 years of age and BMlI-for-age
z-scores in children aged 5 years and older. In
this study, children with a z-score below -2 SD
were classified as undernutrition, and those with
a z-score below -3 SD were defined as severely
undernourished, in accordance with WHO criteria
(WHO, 1995). Although WHO does not define
“mild” wasting, for the purpose of this study, values
between -1 and -2 SD were categorized as mild
malnutrition to allow consistent comparisons with
the Gomez and Waterlow classifications.” According
to the WHO criteria:

- Wasting is defined as a weight-for-height (for
children under 5) or BMI-for-age (for children
aged 5 and older) z-score below -2 SD, with severe
wasting defined as below -3 SD.

« Stunting is defined as a height-for-age z-score
(HFA) below -2 SD.

« The WHO classification does not formally define
mild wasting; however, z-scores between -1 and
-2 SD may indicate a nutritional risk.

Additionally, based on the 2022 ESPGHAN definition,
undernutrition is considered a condition resulting from
imbalanced nutrition or abnormal nutrient utilization,
leading to negative effects on tissue function or body
composition. This definition includes both static z-score
thresholds and dynamic changes such as a decline of
more than 1 SD in weight-for-age (WFA), weight-for-
height (WFH), or BMI-for-age over time, as well as growth
faltering and the broader clinical context.?®

« STRONGkids Tool: This screening toolwasdeveloped
by Hulst et al.”? to assess the risk of malnutrition in
hospitalized children aged 1 month to 18 years who
have been admitted for at least one day. The validity
and reliability of the STRONGkids tool have been
assessed in various populations, including Turkish
children, as demonstrated in the study by Orugoglu
and inanc¢.? This tool evaluates four key components:
subjective clinical assessment, high-risk disease
condition, reduction in food intake, and weight
loss, which generate a final score. A score of 4 to
5 indicates a high risk of malnutrition, while a score
of 1 to 3 points suggests a moderate risk. A score
of O points signifies a low risk of malnutrition.?’-2°
This classification helps in the early identification of
malnutrition risk, allowing for timely interventions
and appropriate nutritional support.

Procedure

The study was conducted in a pediatric surgery inpatient
clinic following the American Society of Anesthesiologists
(ASA) preoperative nutrition guidelines. Clear liquids
were allowed for up to two hours before surgery for
all ages, while breast milk was permitted up to four
hours before surgery for infants. Formula and cow’s
milk were allowed up to six hours before surgery, and
carbohydrate loading was performed two to three
hours preoperatively. Routine preoperative laboratory
samples were collected from electronic patient files to
minimize additional blood drawings. Data on hemoglobin,
hematocrit, CRP, and albumin levels and preoperative
diagnosis, surgical plan, and hospitalization details were
retrieved electronically. The same investigator took
anthropometric measurements within the first 48 hours
of hospitalization. Depending on the child's age, weight
was measured using digital baby scales or adult weight
scales. Height was measured supine for infants under two
years old, with the head and feet fixed, while children over
two years were measured standing using a wall-mounted
stadiometer. Arm and abdominal circumferences were
measured between 7:00 and 8:00 AM using standardized
Baxter height and weight devices. Additionally, mothers
were given the MATFPS questionnaire, which they
completed within 10 minutes.

Statistical analysis

IBM SPSS Version 24.0 (IBM Corp.) was used for data
analysis. Normality tests included Kolmogorov-Smirnov,
Shapiro-Wilk, Kurtosis-Skewness tests, kurtosis-skewed
coefficient values, Q-Q plots, and box plots.3® Non-
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parametric tests were applied to data that did not comply
with normal distribution. Statistical significance was
set at p-values less than 0.05 within a 95% confidence
interval. Descriptive statistics were applied to analyze
the data. Analytical statistics included Kruskal-Wallis
and Mann-Whitney U tests. Given the broad age range
of the study population (6 months to 16 years), raw
anthropometric measurements such as weight, height,
and mid-arm circumference were not used directly
in statistical analyses. This adjustment ensures age-
standardized comparisons, reducing bias due to natural
growth variations. Additionally, multiple linear regression
analysis was performed to predict the factors influencing
the nutritional status of children.

Logistic regression analysis evaluated the significant
variables according to the primary analysis.®' p-values
of 0.05 were considered statistically significant. The
Hosmer-Lemeshow test was conducted to assess the
model’s fit. If the P value is above 0.05, the model's
predictive value can be considered high. In this study, the
Hosmer-Lemeshow test’s value was 0.89, indicating the
model’s high predictive value.

Ethics

Ethical permission was obtained (Decision no:2022/06-
13; Date:16.02.2022) from the non-interventional ethics
committee of the university to which the institution is
affiliated, and written permission (Number: E-59537164-
799-233459, Date: 22.04.2022) from the hospital where
the study was conducted. Written informed consent
was obtained from each subject or relative following a
detailed explanation of the objectives and protocol of
the study, which was conducted by the ethical principles
stated in the "Declaration of Helsinki".

Results

Table 1 evaluates preoperative nutritional status
in pediatric surgery patients using three different
classification methods: Gomez (weight-for-age),
Waterlow (height-for-age), and WHO classification
(z-score). According to the Gomez classification, 66.0%
of children were classified as usual, while 6.2% were
severely malnourished. The Waterlow classification
showed that 76.5% of children had normal height-for-
age, with 3.1% classified as severely stunted. In contrast,
WHO classification (z-scores) indicated that only 50.0%
of children were in the normal range, while 4.9% were
severely malnourished. In contrast, according to WHO
classification (z-scores), 50.0% of children were in the
normal range, while 4.9% were severely malnourished
when calculated without distinction of age.

In calculations made independently of the table, 52.5% of
children under 5 years of age were in the normal range,
while 4.9% were severely undernutrition. Among children
over 5 years of age, 50.0% were in the normal range,
while 4.2% were severely undernutrition. In addition,
analyses according to WHO classification showed that
3.1% were stunting (Height-for-age (HFA)), 24.1% were
wasting (Weight-for-height (WFH) <5 years, BMI-for-
age =5 years), and 3.1% were undernutrition (Weight-
for-age (WFA)). These differences highlight the varying
sensitivity of different assessment methods in assessing
nutritional risk.

Table 2 analyzes child-related demographic variables
based on STRONGKkid's nutrition risk groups. Gender
distribution showed a statistically significant difference
amongriskgroups(p=0.03), withboysand girls distributed
differently across the low, medium, and high-risk
categories. Age group classification did not significantly
correlate with nutrition risk (p=0.15). Additional vitamins

Table 1. Evaluation of preoperative nutritional status in pediatric surgery patients using different assessment methods (n=162)

Weight by age
(Gomez Classification)
n (%)
Normal 107 (66.0)
Mild 27 (16.7)
Moderate 18 (11.1)
Severe 10 (6.2)

*z-scores are calculated according to WHO references
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Height for age WHO classification
(Waterlow Classification) (WFA/BMI)
n (%) n (%)
124 (76.5) 81(50.0)
23(14.2) 58 .835.8)
10 (6.2) 15(9.3)
5(3.1) 8(4.9)
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Table 2. Analysis of child-related demographic variables according to STRONGKids nutrition screening tool risk groups (n=162)
STRONGKkids Nutrition Screening Tool

Child-related variables

Gender n, (%)
Girl
Boy

Child's age group n, (%)
Infant
Toddler
Preschooler
School-age child
Teenager

Breast milk intake n, (%)

Use of additional vitamins n, (%)
Taking oral supplements n, (%)
Chronic disease n, (%)
Type of surgery n, (%)
Abdominal surgery
Thorax surgery
Genitourinary surgery
Child’s age (years)*

Duration of breastfeeding (months)*

Time to start supplementary food (months)*
Preoperative length of hospital stays (days)*

Child’s weight (z score) *

Child’s height (z score) *

Child’s arm circumference (z score) *
Child’s abdominal circumference (z score) *
Preoperative hemoglobin (g/dL) *
Preoperative hematocrit (%) *
Preoperative albumin (g/dL) *

Preoperative C-Reactive Protein (mg/dL) *

*= data is given as mean+ SD
X?#""= Pearson's chi-squared test

Low risk

0

6,(9.4)
24, (58.2)

3,(13.6)
6,(27.3)
6,(16.7)
10, (22.2)
5,(13.5)
30, (19.2)

6,(9.7)

7 (11.1)

2(3.2)

7,(10.0)

5,(11.6)

18, (36.7)
6.29+4.62

15.23+10.21

5.38x1.76
1.60+1.06

0.11£0.60
-0.10+£0.72
0.09+0.80

-0.04+0.85
12.18+0.91

36.50+2.85

44.88+273

2.18+2.90

Risk Grouping
Medium risk

()

41, (64.1)
57,(58.2)

11, (50.0)
10, (45.5)
21,(58.3)
27,(60.0)
29, (78.4)
92, (59.0)

37,(59.7)
37,(58.7)
43,(69.4)
48, (68.6)
22,(51.2)
28, (57.1)
7.80+4.03

9.31£8.05

5.47+2.86
3.95+4.15

0.07+0.87
0.05+0.84
-0.14+0.79

-0.00+0.86
12.06+£2.09

36.66+5.25

43.25+5.88

15.81+30.44

High risk
()

17, (17.3)
17,(17.3)

8,(36.4)
6,(27.3)
9, (25.0)
8,(17.8)
3,(8.1)
34, (21.8)

19, (30.6)
19, (30.2)
17, (27.4)
15, (21.4)
16, (37.2)
3,(6.1)
4.71£4.01

7.23£1.1M

517377
9.20+11.84

0.05+£0.92
0.12+0.82
0.04+0.82

0.15+0.72
10.81%1.67

33.43+4.50

40.90+6.45

23.24+43.41

X?"""= Fisher's exact test, Cramér's V= effect size measurement for the chi-square test of independence

F*"= ANOVA test
Row percentages were taken from chi-square tables.

Test statistics

X?""=6.56
Cramer's V=0.20

XZ"=11.67
Cramer's V=0.18

X2=2.72
Cramer's V=00.15
X?=8.71
Cramer's V=0.23
X?=7.23
Cramer's V=0.21
X?=18.23
Cramer's V=0.31
X2=23.40
Cramer's V=0.27

F*"=5.58
<l
F=8.376
[<Il
F=0.132
F=12.93
I<Il
F=0.04
F=0.66
F=1.40
F=0.600
F=6.54
I<Il
F=6.06
I<Il
F=4.18
I<Il
F=3.80
I<Il

p-value

p=0.03

p=0.15

p=0.222

p=0.01

p=0.02

p<0.01

p<0.01

p<0.01

p<0.01

p=0.87
p<0.01

p=0.95
p=0.51
p=0.24
p=0.55
p<0.01
p<0.01

p=0.01

p=0.02
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and oral supplements were significantly higher in the
medium and high-risk groups (p=0.01 and p=0.02,
respectively). Children with chronic diseases were
predominantly in the medium and high-risk categories
(p<0.01), and the type of surgery was also significantly
associated with nutrition risk (p<0.01). Furthermore,
the length of hospital stay was significantly longer in
the high-risk group (p<0.01). Preoperative laboratory
values, including hemoglobin, hematocrit, and albumin
levels, were significantly lower in the high-risk group
(p<0.01, p<0.01, and p=0.01, respectively), indicating a
potential link between nutritional risk and preoperative
health status. Additionally, C-reactive protein levels

were significantly higher in the high-risk group (p=0.02),
suggesting a possible inflammatory response associated
with higher nutritional risk.

Table 3 examines maternal demographic variables about
STRONGKkKids nutrition risk groups. Although maternal
education level and employment status varied across risk
groups, the differences were insignificant (p=0.13 and
p=0.18, respectively). However, maternal feeding attitude
was significantly associated with nutrition risk, with
mothers of children in higher-risk groups showing a more
negative feeding attitude (p<0.01). Similarly, the high-
risk group’s negative mood during meals and reactions to

Table 3. Analysis of maternal demographic variables according to STRONGkids nutrition screening tool risk groups (n=162)

STRONGKkids Nutrition Screening Tool Risk

Mother-related variables

Grouping

Low risk (I)

Mother’s education level n, (%)

Primary education 5,(15.2)

Secondary education 9,(15.8)

High education 1, (28.2)
Mother’s working status n, (%)

Working 9,(22.0)

Not working 21,(17.4)
Maternal age* 35.63+5.76
Maternal feeding process attitude* 52.20+18.21
Negative mood during meals* 9.60+6.00
Attitude towards inadequate/unbalanced 22.23+10.03
nutrition*
Negative nutritional strategies* 9.30+4.25
Force feeding* 4.80+1.58
Reacting to others’ opinions* 6.26+3.19

*= data is given as mean+ SD

Test statistics  p-value
Medium risk (I1)  High risk (l1I)
X¥*=7.00 p=0.13
45,(68.2) 1,(167)  CramersV=014
31,(54.4) 17, (29.4)
22,(56.4) 6,(15.4)
X?=3.37-8 p=0.18
20, (48.8) 12, (29.3) Cramer's V=0.14
78, (64.5) 22,(18.2)
36.50+7.39 32.82+6.35 F"'=3.56 p=0.10
61.11+£2.12 68.17+19.78 F=493 p<0.01
I<ll
[<lll
13.81+7.41 16.14+7.90 F=6.64 p=0.02
I<ll
[<llI
23.87+8.67 25.94+7.62 F=12.46 p=0.23
9.42+4.56 10.85+4.73 F=127 p=0.28
5.61+3.19 6.11£3.11 F=1.62 p=0.20
8.37+4.59 9.11+4.61 F=3.74 p=0.02

X?"= Pearson's chi-squared test, Cramér's V= effect size measurement for the chi-square test of independence

F**= ANOVA test
Row percentages were taken from chi-square tables.
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others’ opinions about feeding were significantly higher
(p=0.02).

Table 4 presents a binary logistic regression analysis
examining factors predicting pediatric surgery patients’
preoperative nutritional risk. The model, which included
significant variables from Tables 1 and 2, correctly
predicted nutritional risk status with an accuracy of
79.0% (Nagelkerke R? = 0.39, p<0.001). According to
the regression analysis results, thoracic surgery patients
had a 3.16-fold higher nutritional risk than abdominal
surgery and genitourinary surgery patients. A one-unit
increase in the child's age increased the nutritional risk
by 0.86 times. Increasing the day of hospitalization by
one day increased the risk of high nutritional risk by 1.11
times. Gender, vitamin use, chronic diseases, and other
parameters did not make a difference regarding high risk
(Table 4).

Discussion

The results of this study provide critical insight into
the factors that influence preoperative nutritional risk
in pediatric surgical patients. Using the STRONGkids
Nutrition Screening Tool, several pediatric and maternal
factors were analyzed to determine their impact on
nutritional status.

This study highlights the variability in nutritional
assessment depending on the classification method
used. The Gomez and Waterlow classifications identified
a higher proportion of children as normal. In contrast, the
WHO (z-score) classification identified more cases of
malnutrition. Moreover, since the WHO classification is
independent of age, it demonstrated higher sensitivity,
detecting more malnutrition cases, with approximately
a quarter of the children classified as wasted. These

Table 4. Investigation of factors predictive of nutritional status in children before surgery (n=162).

RR
Gender 0.40
Use of additional vitamins 0.58
Taking oral supplements 0.85
Chronic disease 0.81
Type of surgery 3.16
Child's age (years) 0.86
Duration of breastfeeding (months) 0.97
Preoperative length of hospital stay (days) 1
Preoperative hemoglobin (g/dL) 0.78
Preoperative hematocrit (%) 0.98
Preoperative albumin (g/dL) 1.004
Preoperative C-Reactive Protein (mg/dL) 1.008
Maternal feeding process attitude 1.01
Negative mood during meals 0.99
Reacting to others' opinions 0.97
Constant 574

Nagelkerke R2: 0.39, p<0.001
The rate at which the model correctly predicts psychological distress: 79.0%
RR= Relative Ratio

95% C.I. for EXP(B)

Sig.—p
Lower Upper

0.14 0.07 0.07
0.19 0.32 0.32
0.31 0.76 0.76
0.31 0.67 0.67
114 0.02 0.02
0.76 0.001 0.001
0.91 0.51 0.51
1.01 0.02 0.02
0.49 0.29 0.29
0.80 0.86 0.86
0.91 0.93 0.93
0.99 0.26 0.26
0.97 0.38 0.38
0.89 0.85 0.85
0.85 0.76 0.76

0.41 0.41
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differences suggest that reliance on a single method
may lead to misclassification. In a study examining
the malnutrition status of hospitalized children, 25%
of children had a z-score index of less than -2 during
hospitalization, and based on the measurements taken,
17.5% (10% moderate malnutrition; 7.5% of children were
malnourished during hospitalization according to the
Gomez malnutrition classification system. According
to the Waterlow classification system, 20% of children
were acutely malnourished during hospitalization.3> A
combined approach using multiple assessments may
provide a more accurate nutritional risk assessment in
pediatric surgical patients and help guide appropriate
preoperative interventions.

This study found that gender, use of vitamin supplements,
oral supplements, chronic diseases, type of surgery, child’s
age, duration of breastfeeding, preoperative hospital
stay, and laboratory findings significantly affected the
nutritional levels measured with STRONGKids in pediatric
surgical patients. Similar to our study, these factors
have been shown in the literature to affect nutritional
levels in children negatively."334 The lack of effect of
maternal education and work status on nutritional risk
was surprising. Maternal nutritional attitudes, such as
unpleasant moods during meals and reactions to others’
nutritional suggestions, were significantly associated
with higher-risk groups. According to one study, family
type and children's age-appropriate BMI influenced
parental attitudes. Mothers with prominent families
had higher negative attitude scores and age-related
BMI. Mothers of children with eating problems were
more negative.® In another study, nutrition education
increased children’s average weight by 331.42 grams.®
It is thought that mothers’ psychological and behavioral
characteristics influence children’s nutrition. Learning
about healthy eating and reducing stress during meals
may improve mothers’ nutrition.

When the study examined the factors that predicted
the risk of malnutrition, the notable finding was that the
type of surgery significantly affected the nutritional risk.
Children who underwent thoracic surgery had a 3.16
times higher risk than those who underwent abdominal
or genitourinary surgery. Thoracic surgery requiring
significant respiratory care has increased metabolic
demand and nutritional sensitivity. Recent studies have
shown that nutrition affects outcomes in pediatric
thoracic surgery. Stunting increases postoperative
complications in children undergoing abdominal or
thoracic surgery.? Acute malnutrition was present in
42% of Russian children admitted to thoracic surgery
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units, and 70% of them were at high risk.6 Anton-
Martin et al. (2018) reported that underweight children
supported by ECMO had a higher in-hospital mortality
rate than normal-weight children using multiple logistic
regression.®> According to our research, malnutrition
affects postoperative outcomes, and the type of surgery
affects nutritional risk. Children undergoing high-risk
surgery, such as thoracic surgery, require preoperative
nutritional screening and special treatment. Child age was
another predictor of malnutrition. A one-unit increase in
the child’s age increased the nutritional risk by 0.86 times.
This result differs from the literature™"3* although older
children may be at higher risk due to longer exposure
to chronic diseases, more difficult surgical treatments,
or inadequate preoperative nutrition.  Preoperative
length of hospital stay was another significant predictor
of malnutrition. Hospitalization increased the risk
of malnutrition by 1.11 times per day, and the risk of
malnutrition increased with increasing preoperative
hospital stay. Inadequate oral intake and preoperative
surgical stress in the hospital may have contributed to
this situation. Studies have reported that malnourished
patients have longer hospital stays.*® These parameters
are considered necessary in the preoperative nutritional
evaluation of pediatric surgical patients.

Limitation

The children’s wide age range may have influenced
nutritional evaluation. As children age, their metabolic
needs and responses to catabolic stressors may vary,
potentially affecting their nutritional status differently.
To address this variability, nutritional assessments
were stratified according to age groups. The study was
conducted in a pediatric surgery inpatient clinic of a
tertiary university hospital by the ASA preoperative
nutrition guidelines, and therefore, nutritional deficiencies
may have been lower. In this respect, it may not reflect
the Turkish sample.

Conclusion

This study highlights the critical role of preoperative
nutritional status in pediatric surgery. It also highlights
the changing sensitivity of nutritional assessment
methods; the WHO (z-score) classification detects
more cases of malnutrition than Gomez and Waterlow.
Malnutrition significantly affects surgical outcomes,
recovery times, and overall health, and a significant
proportion of hospitalized children are at risk, particularly



Clin Sci Nutr. 2025;7(2):102-112

Ozer OzIii NG, et al. Nutrition in Pediatric Surgery Patients

those undergoing thoracic surgery. Key determinants of
nutritional risk include prolonged hospital stay, age, and
maternal attitudes towards nutrition. Negative maternal
attitudes towards feeding have been associated with
poorer feeding outcomes. This study highlights the need
for early nutritional assessments and interventions to
reduce malnutrition risks, especially in high-risk surgical
populations, to improve postoperative recovery and
long-term health outcomes. Future research should
focus on expanding the understanding of nutritional
risk factors in diverse pediatric populations to further
improve preoperative care protocols.
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ABSTRACT

Objective: This study aimed to identify demographic characteristics associated with nutritional risk and evaluate the prevalence
and severity of malnutrition among adult patients admitted to the emergency department.

Methods: This cross-sectional study included 187 adult emergency department patients with stable vital signs and a Glasgow
Coma Scale score greater than 13. Malnutrition risk and status were assessed using the Nutritional Risk Screening-2002 (NRS-
2002) and Subjective Global Assessment (SGA) within the first 24 hours of hospital admission. Data were collected through
structured bedside interviews.

Results: According to NRS-2002, 24.6% of patients were at risk for malnutrition, while SGA identified moderate malnutrition in
41.3% (SGA-B) and severe malnutrition in 39.1% (SGA-C) of cases. Binary logistic regression analysis showed that increasing age
was significantly associated with nutritional risk (OR=1.032; 95% CI: 1.008-1.056; p=.008). Gender and reason for emergency
admission did not reach statistical significance.

Conclusion: This study highlights that malnutrition risk is substantial among emergency department patients and significantly
associated with increasing age. These findings emphasize the importance of incorporating systematic nutritional screening
protocols at emergency admission, particularly in older adults, to ensure timely dietetic assessment and optimize clinical
outcomes.

Keywords: clinical nutrition, emergency department, malnutrition, nutritional risk screening

Introduction supported by the World Health Organization, which
emphasizes the serious and enduring consequences of

Malnutrition is a universal public health problem that the global malnutrition problem on individuals, families,

can be seen all over the world at all ages and is also an ~ communities, and nations, including developmental,

impediment to global poverty eradication, productivity, ~ economic, social, and medical impacts.?

and economic growth.! This perspective is further
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The term “malnutrition” includes a range of conditions
characterized by a lack, excess, or imbalance of
various essential nutrients, which can result in negative
impacts on the body’s composition, functioning, and
clinical outcomes.? While it is possible for malnourished
individuals to experience either undernutrition or
overnutrition, the term “malnutrition” is frequently used
interchangeably with “undernutrition”.

Malnutrition is an under-recognized and undertreated
condition that affects 30—50% of hospitalized patients.3#
A research investigation was conducted in Turkiye
involving a total of 34 hospitals located in 19 cities, with
a sample size of 29,139 patients. The study revealed that
15% of the patients exhibited signs of nutritional risk. The
prevalence of nutritional risk was found to be highest
among patients in the intensive care unit, with a rate of
52%. Additionally, a notable proportion of patients in the
internal medicine department, specifically 16.4%, were
identified as malnourished. The study results showed
that a mere 51.8% of patients identified as having
nutritional risk were provided with appropriate nutritional
support.® More than one-third (36%) of patients
experience malnutrition before hospital discharge, a
condition that can be prevented, and the prevalence of
malnutrition increases with the length of hospital stay.®
This situation may occur as a result of diminished dietary
consumption for a variety of reasons, including impaired
absorption of macronutrients and/or micronutrients,
heightened nutrient excretion, or modified metabolic
requirements.®> When a patient admitted to the hospital

Main Points

+ Approximately one in four adult patients presenting
to our tertiary emergency department (ED) were at
nutritional risk according to NRS-2002 (>3).

+ Logistic regression analysis identified increasing age
as a statistically significant independent predictor of
nutritional risk.

+ Emergency admissions due to respiratory,
neurological, gastrointestinal, or infectious diseases
were not significantly associated with increased
nutritional risk in this cohort.

+ The model demonstrated good fit and modest
predictive strength.

+ These findings support routine use of nutritional
screening tools like NRS-2002 in emergency
departments, particularly for elderly patients, to
enable early dietetic intervention and potentially
improve patient outcomes.
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for any reason is malnourished or in a state of disease,
extensive changes occur in physiological function, which
negatively affects the success of the treatment, prolongs
the recovery period, catabolic metabolism, chronic low-
grade inflammation, hospital stay, increases the risk of
developing nosocomial infections, and causes increased
rates of morbidity and mortality.3’

In the malnutrition screenings performed on hospitalized
patients in the world and in Turkiye, it has been shown
that the frequency of malnutrition is higher in some
clinics such as oncology, pulmonology, geriatrics,
surgery, and intensive care units, and these clinics are
evaluated as risky clinics in terms of malnutrition.>8°
Although emergency services are not included in these
malnutrition screening studies, there are some studies in
the literature in recent years emphasizing the frequency
of malnutrition and its negative effects, especially
in elderly patients who applied to the emergency
department.’® |n a limited number of studies examining
the prevalence of malnutrition among adults presenting
to emergency services, the prevalence ranged from 15 to
29%, particularly among elderly patients.™' Malnutrition
screening is generally not performed on individuals who
apply to the emergency department. However, screening
for malnutrition in the emergency department can
capture a vulnerable population that may be overlooked.™

The prevention and potential reversal of malnutrition
can be achieved through the timely and sufficient
implementation of nutritional therapy. Nevertheless, it
is imperative to enhance the awareness and knowledge
of healthcare providers, while also establishing clinical
protocols, to effectively identify and address this issue.’
The identification of malnutrition has been proposed
by the European Society for Clinical Nutrition and
Metabolism (ESPEN) through a two-step methodology.
The initial step entails utilizing a validated screening
instrument, such as the Nutritional Risk Screening
2002 (NRS-2002), to evaluate the probability of
malnutrition in individuals. Following that, a thorough
assessment is performed utilizing the Subjective Global
Assessment (SGA) in order to validate the diagnosis of
malnutrition. Given that these tests do not necessitate
any form of analysis, it can be inferred that there are
no supplementary expenses involved." Following the
assessment of an individual's nutritional status, the
provision of nutritional support should be administered
by the dedicated nutritional support team, if deemed
necessary. Nevertheless, there is a dearth of hospitals
equipped with nutritional support teams, and their ability
to offer emergency services is typically lacking.”
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The aim of the research is to determine the prevalence
of malnutrition among adult patients who are admitted
to the emergency department. Additionally, the study
aims to identify the specific patient population that
is particularly susceptible to malnutrition as well as
evaluate the severity of malnutrition in patients who
are diagnosed with this condition. The research results
suggest that there is a need for increasing awareness
about the evaluation of nutritional status among patients
admitted to the emergency department.

Methods

Study design and setting

This descriptive, cross-sectional study aimed to evaluate
malnutrition status among adult patients admitted to
the Ankara University lbn-i Sina Hospital Emergency
Department. The study included all adult patients (aged
>18 years) presenting to the emergency department
over one week. Patients were recruited consecutively
throughout the week (24 hours/day) to ensure
comprehensive inclusion.

Selection of participants

Detailed patient information was obtained from hospital
patient files and interviews conducted with patients or
their relatives. Patients with unstable vital functions,
those who were uncooperative, disoriented, or had a
Glasgow Coma Scale <13 were excluded due to potential
unreliability in obtaining accurate information and
difficulties in performing nutritional assessments. Eligible
patients were informed about the research, and written
informed consent was obtained from those agreeing to
participate. A total of 187 adult patients who met these
inclusion criteria and agreed to participate constituted
the study sample. The study was conducted in March
2016. The flowchart illustrating the patient selection
process is presented in Figure 1.

Sample size estimation

The sample size was evaluated retrospectively with
G*Power version 3.1.9.7, indicating that with an effect size
of 0.3 (medium), an alpha level of 0.05, and a statistical
power of 0.80, the required minimum sample size was
143 patients. Therefore, the recruited sample of 187
patients is considered adequate for statistical reliability.

Patients admitted to
Emergency Department
(n=258)

Inclusion criteria applied

PR |
Patients meeting
inclusion criteria

(n=221)

Informed consent obtained
/; r
0
Patients included in study
(n=187)

Nutritional screening (NRS-2002)

4
Nutritional risk assessment
(NRS-2002)
within 24 hours

VAR

NRS-2002 score <3 NRS-2002 score 23
(n=141) (n=46)
Assessment with
Subjective Global Assessment (SGA)

SGA-B
(Moderate malnutrition)
(n=19)

(n=18)

SGA-A
(Well-nourished)
(n=9)

Figure 1. Flowchart illustrating patient selection, NRS-
2002, and SGA procedures

SGA-C
(Severe malnutrition)

Methods and measurements

Data related to patient demographics (age, gender),
reasons for emergency department visits, and comorbid
conditions were collected through structured bedside
interviews. Interviews were performed either directly
with patients or, if necessary, their relatives. Weight
change during the preceding three months was recorded
as (a) documented weight in electronic medical records
when available or (b) patient/relative self-report; only
unintentional loss >5% body weight was accepted as
clinically significant. Patients’ nutritional status data were
collected using validated nutritional assessment tools
(NRS-2002 and SGA).

The NRS-2002 and SGA questionnaires were used to
assess each patient’s nutritional status and nutritional
risk within the first 24 hours after admission. An ad hoc
working group developed the NRS-2002 for the purpose
of determining a person’s nutritional status, and the
ESPEN was in charge of the group.™ This nutritional tool
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has been proven to have the capacity to correctly identify
patient populations that stand to gain the greatest
advantages from receiving nutritional support. It is
necessary to begin by adding the “Nutritional Score” (O—
3) to the "Severity of Disease Score” (0—-3) before moving
on to the next step of the calculation for the nutritional
risk score. Patients who are 70 or older receive a score of
1, regardless of their gender. The highest possible score
is seven. Per ESPEN guidance, an NRS-2002 total score
>3 denotes nutritional risk warranting further assessment
and intervention. Accordingly, patients who scored >3
proceeded to SGA for malnutrition grading, whereas
those with a score <3 were considered low risk and did
not undergo further nutritional assessment.

The Subjective Global Assessment (SGA) is a tool for
nutritional assessment that was first introduced in
1982", and it has since been validated by controlled
clinical trials.?2°?'" SGA is defined by the presence of five
clinically significant characteristics related to nutritional
status. These characteristics include decreased nutrient
intake, inadvertent weight loss, oral intake-related
symptoms, functional capacity, and metabolic demand.
A physical examination is also part of the SGA, and
during this examination, particular attention is paid to
fluid accumulation, muscle atrophy, and subcutaneous
fat loss. Individuals are either considered to be
severely malnourished (SGA-C), mildly or moderately
malnourished (SGA-B), or well-nourished (SGA-A).

Statistical analysis

IBM SPSS Statistics 22 (IBM Corp., Armonk, NY, USA) was
used to analyze the study data. The Kolmogorov-Smirnov
test was utilized to check the normal distribution of the
variables. Categorical variables were examined using
the Chi-squared (¥?) test and presented as frequency
distributions. Binary logistic regression analysis was
conducted to identify factors independently associated
with nutritional risk (NRS-2002 =3 as the dependent
categorical variable). The confidence interval was set at
95%, with a significance level of p<.05 in all statistical
tests.

Ethical approval

Ethical approval for the study was obtained from the
Ankara University Faculty of Medicine Clinical Research
Ethics Committee (approval date May 11, 2015,
number 08-344-15). At the beginning of the study, all
participants provided informed consent by signing a
consent form before participating in the study. The study
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was conducted following the principles outlined in the
Declaration of Helsinki.

Results

The study comprised 187 patients in total, of which 52.4%
were female and 47.6% were male. Of the patients, most
(50.8%) were older than 65. In the previous three months,
25.1% of the patients had experienced weight loss. The
majority (31.6%) of applications to the emergency room
were for respiratory disorders. According to data obtained
with the NRS-2002, 24.6% (n=46) of individuals were at
risk of malnutrition. Among these 46 high-risk patients
who underwent further assessment using the SGA
tool, 41.3% were classified as moderately malnourished
(SGA-B) and 39.1% as severely malnourished (SGA-C)
(Table 1).

Table 2 shows the relationship between nutritional
assessment scores (NRS-2002 and SGA) and
demographic characteristics of the patients admitted
to the emergency department. Patients aged >65 years
were significantly more likely to have higher nutritional
risk scores (NRS-2002 =23: 67.4%,; p=.01) and severe
malnutrition (SGA-C: 61.1%; p=.005). Similarly, recent
weight loss within the last three months was strongly
associated with increased nutritional risk (NRS-2002 >3:
72.3%, p<.001) and severe malnutrition (SGA-C: 72.2%;
p<.001). However, no statistically significant association
was found between nutritional assessment scores (NRS-
2002 or SGA) and gender or reasons for emergency
department admission (p>.05).

Binary logistic regression analysis revealed that increasing
age was significantly associated with nutritional risk
(NRS-2002 >3) (OR=1.032; 95% CI: 1.008-1.056,
p=.008). Gender and reasons for admission to the
emergency department did not demonstrate statistically
significant associations (p>.05). The overall regression
model was statistically significant (x2=17.879, df=6,
p=.007), demonstrated good fit (Hosmer—Lemeshow
X?=11.795, p=.161), and explained 13.6% of the variance in
nutritional risk (Nagelkerke R?=.136) (Table 3).

Discussion

The results of this study highlight a significant prevalence
of nutritional risk among adult patients admitted to the
emergency department, with notable implications for
clinical practice and healthcare management. Using
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Table 1. Demographic characteristics of patients (n=187)

Characteristics n %
Gender

Male 89 47.6
Female 98 52.4
Age (year)

19-64 92 492
265 95 50.8

Weight loss in the last 3 months

Yes 47 25.1
No 140 74.9
Reasons for application to emergency

department

Respiratory diseases 59 31.6
Neurological diseases 28 15.0
Gastrointestinal diseases 27 14.4
Infections 10 53
Other medical conditions* 63 337

NRS-2002 Score
Score >3 46 24.6
Score <3 141 75.4

SGA Score (applied only to NRS-2002 >3
patients; n=46)

SGA-A 9 19.6
SGA-B 19 413
SGA-C 18 391

SGA evaluated only in NRS-2002 >3 group. Due to low frequencies,
cardiovascular, endocrine, hematological, cancer, bone diseases, liver
diseases, urinary system diseases, suicide, swelling, lassitude, and ear, nose,
and throat diseases were merged under the category of "other medical
conditions".

the NRS-2002, 24.6% of all patients were classified as
nutritionally at risk. Among the 46 patients with an NRS-
2002 score =3 who subsequently underwent SGA, 19
(41.3%) were classified as moderate malnutrition (SGA-B)
and 18 (39.1%) as severe malnutrition (SGA-C) (Table 1).
These figures correspond to 10.2% and 9.6% of the entire
study population, respectively. Thus, the apparently
higher SGA percentages merely reflect the distribution
within the high-risk subgroup rather than the whole
cohort. Although the absolute prevalence estimates
differ because the two tools were applied to different
denominators, both instruments consistently identify a

sizeable malnourished population, underscoring the need
for standardized and sequential screening approaches in
emergency-care settings.??

The prevalence of nutritional risk identified in this
study aligns closely with findings from international
studies, emphasizing a universal healthcare concern.
Previous research conducted in emergency department
populations has consistently demonstrated significant
malnutrition risks, especially among elderly cohorts.
For instance, a study conducted in Ireland reported
malnutrition in 7.6% of elderly patients, with an additional
28% identified as being at nutritional risk. Similarly,
evidence from the United States indicated a rising trend
in the prevalence of malnutrition among older emergency
department visitors, emphasizing the increasing
importance of addressing malnutrition as a public health
priority.2®

Advanced age was significantly associated with
increased nutritional risk (OR=1.032; 95% CI: 1.008-
1.056; p=.008) (Table 3). This result is consistent with
extensive literature documenting the vulnerability of
elderly populations to nutritional deficiencies due to
physiological changes, polypharmacy, chronic illnesses,
and socioeconomic factors such as social isolation and
economic instability.?* Therefore, routine nutritional
screening and targeted interventions for elderly patients
in emergency departments are crucial for improving
clinical outcomes and reducing healthcare costs
associated with malnutrition.

Interestingly, neither gender nor reasons for emergency
admission demonstrated a significant association with
nutritional risk in our cohort (p>.05) (Table 3). In contrast
to our findings, the study by Ratsavong et al.?> suggests
that gender differences and specific admission reasons
are influential determinants of nutritional status. The
absence of significant associations in our study may
reflect the heterogeneity in clinical presentations and
demographic compositions of emergency populations,
highlighting the necessity for further context-specific
research to clarify these relationships.

In our cohort, respiratory disorders were the most
common reason for emergency department visits (31.6%),
consistent with prior literature highlighting the high
acute care burden of pulmonary conditions. Although
respiratory diseases did not emerge as statistically
significant predictors of nutritional risk in the multivariate
model, their clinical relevance remains noteworthy.
Chronic respiratory illnesses such as chronic obstructive
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Table 2. The relationship between nutritional assessment scores (NRS-2002 and SGA) and demographic characteristics

NRS-2002 Score (n=187)

Characteristics Score 23 Score <3

n % n %
Gender
Male 19(219) 413 70 (67.1) 49.6
Female 27 (241) 587 71(739) 504
Age (year)
19-64 15(226) 326 77(69.4) 546
265 31(23.4) 674 64(716) 454
Weight loss in the last
3 months
Yes 34(116) 739 13(354) 92
No 12(34.4) 261 128(105.6) 90.8

Reasons for application
to emergency
department

Respiratory diseases 14 (14.5) 305 45(445) 319

Neurological diseases 3(6.9) 6.5 25(21.1) 17.7
Gastrointestinal 4(6.6) 87 23(204) 163
diseases

Infections 3(2.5) 6.5 7 (7.5) 5.0

Other medical 22(155) 478 41(475) 291

conditions”

TOTAL 46 100 141 100

SGA Score (n=46)

P SGA-A SGA-B SGA-C p
n % n % n %
396° 4(43) 444 8(9.0) 421 7(86) 389 .789¢
5(4.7) 556 1 579 11(9.4) 611
(10.0)
.010° 2(44) 222 3(93) 158 10 556 .005¢
(8.9)
7(46) 778 16(9.7) 842 8(9.1) 444
<.001* 7(23) 778 14(48) 737 13 722 <.001¢
(4.5)
2(67) 222 5(142) 263 5 27.8
(13.5)
.088° 3(28) 334 7(60) 368 4(57) 222 343
-(1.3) - -(2.8) - 3(27) 167
2(13) 222 1(27) 53 1(26) 56
105 M1 1(1.0) 53 1(1.0) 56
3(3.0) 333 10(6.4) 526 9(61) 500

9 100 19 100 18 100

Data are presented as observed counts (O), with expected counts (E) in parentheses: O (E). ‘Due to low frequencies, cardiovascular, endocrine,
hematological, cancer, bone diseases, liver diseases, urinary system diseases, suicide, swelling, lassitude, and ear, nose, and throat diseases were merged
under the category of "other medical conditions". ®Pearson’s Chi-squared (x?) test. *Fisher's exact test. p<.05.

pulmonary disease (COPD) are frequently associated with
increased metabolic demands, systemic inflammation,
and symptoms such as dyspnoea and anorexia, all of
which contribute to nutritional depletion and muscle
wasting. Additionally, COPD-related malnutrition has
been linked to impaired respiratory muscle function,
reduced fat-free mass, and diminished quality of life,
reinforcing the importance of nutritional vigilance even
in the absence of statistical associations.?5?”
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The clinical and economic consequences of malnutrition
emphasize its importance as a healthcare priority.
Malnutrition significantly increases morbidity and
mortality, delays wound healing, and raises susceptibility
to infections.?®?® Additionally, malnutrition profoundly
impacts healthcare systems by increasing hospital stays,
higher readmission rates, and escalating healthcare
costs. Previous systematic reviews and meta-analyses
have consistently reported extended hospital stays and
increased mortality among malnourished patients, further
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Table 3. Factors associated with nutritional risk (NRS-2002 >3) in patients admitted to the emergency department

Variables B SE
Age .032 .012
Gender .360 .360

Reasons for application to - -
emergency department

Respiratory diseases =712 418
Neurological diseases -1.303 682
Gastrointestinal diseases -1.026 .618
Infections 132 .786
Other medical conditions Ref. Ref.

Wald p Exp(B) 95% Cl Exp(B)
7113 .008 1.032 1.008 - 1.056
998 318 1433 707 —2.905
7.003 0.136 - -

2.897 089 491 216-1.114
3.653 056 272 071-1.034
2.759 097 358 107 -1.203
028 867 1141 244 - 5327
Ref. Ref. Ref. Ref.

Binary logistic regression analysis was performed. Dependent variable: Nutritional risk assessed by NRS-2002 (score >3 vs. <3). Nagelkerke R?=.136; Overall
model: x?=17.879, df=6, p<.007. Hosmer-Lemeshow test (x?=11.795, p=.161). p<.05 statistically significant. The “reasons for application to emergency
department” row reflects the omnibus test of the categorical variable as a whole. “Other medical conditions” was used as the reference category.

B: regression coefficient; SE: standard error; OR (Exp(B)): odds ratio; Cl: confidence interval.

reinforcing the need for robust nutritional management
protocols in acute care settings.3°3

In light of these findings, the substantial prevalence
of nutritional risk identified in this study calls for the
systematic implementation of standardized nutritional
screening protocols in emergency departments. Special
attention should be directed toward elderly patients,
particularly those who report recent unintentional weight
loss during triage, even though weight loss did not
remain an independent predictor in multivariate analysis.
Comprehensive nutritional assessment strategies
and timely, individualized nutritional interventions
should become standard practices to enhance patient
outcomes, optimize resource utilization, and ultimately
improve the quality of emergency medical care.

Limitations

The study’s cross-sectional design and relatively small
sample size constitute key limitations; therefore, causal
relationships between malnutrition and adverse clinical
outcomes cannot be established. Although a post-
hoc power calculation confirmed that the total sample
(n=187) provided >80% power to detect the predefined
medium effect for the primary outcome, the available
numbers were insufficient for robust subgroup analyses
(e.g., by specific admission diagnosis, gender, or weight-
loss status). Consequently, estimates within these
subgroups should be interpreted with caution and cannot
be generalized beyond this cohort. In addition, being a

single-center investigation limits the generalizability
of the findings to other settings or broader patient
populations. Reliance on self-reported data may also have
introduced recall bias for certain variables. Data were
collected in 2016; however, the absence of substantive
changes in screening protocols since then limits the risk
of temporal bias.

Nutritional assessment was restricted to two widely
used tools (NRS-2002 and SGA); inclusion of additional
instruments or biochemical markers might have yielded
deeper insights into nutritional status. Although the
NRS-2002 was originally developed for hospitalized
patients, its application in emergency settings has been
endorsed by ESPEN, particularly due to its ease of use
and rapid applicability. However, the subjective nature
of disease severity assessment within the NRS-2002
may introduce variability depending on clinical judgment
and individual clinician experience, especially under
emergency conditions.

Moreover, patients with severe cognitive impairment
or life-threatening trauma were excluded for pragmatic
reasons; this underrepresentation of the sickest cohort
may have led to an underestimation of true malnutrition
prevalence.

Finally, downstream clinical outcomes such as length
of stay, readmission, or in-hospital mortality were not
collected, preventing correlation of nutritional risk with
hard endpoints; future prospective work should address
this gap.
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Despite these limitations, our results underscore the
critical importance of systematic malnutrition screening
in emergency departments, particularly for elderly
patients, because early recognition and timely nutritional
interventions can enhance outcomes and reduce
complications.

Conclusion

Our findings corroborate prior ED studies by confirming
a high malnutrition risk, particularly among older adults,
in a Turkish tertiary centre. These findings highlight the
importance of early nutritional screening and timely
interventions in emergency department settings. As one
of the few studies exploring nutritional risk in Turkish
emergency departments, our results emphasize the need
for increased awareness and widespread implementation
of systematic nutritional assessments to mitigate
adverse clinical outcomes associated with malnutrition.
Future research should focus on developing effective
interventions, including tailored nutritional counseling
and support, to address malnutrition risks in emergency
patients.
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ABSTRACT

Objective: Sarcopenia is a highly prevalent syndrome in hospitalized older patients and is associated with adverse clinical
outcomes. The management of sarcopenia depends on the use of appropriate screening and diagnostic tools. The aim of this
study was to evaluate the performance of sarcopenia risk screening methods for predicting low muscle strength based on
different diagnostic criteria.

Methods: This retrospective study included hospitalized patients over 65 years of age. Three commonly used diagnostic
criteria European Working Group on Sarcopenia in the Elderly, Asian Working Group on Sarcopenia, Sarcopenia Definition and
Outcomes Consortium and population-based criteria were applied as reference standards. The sensitivity and specificity of
the SARC-F and SARC-CalF tools were evaluated based on low handgrip strength as defined by the different reference criteria.

Results: A total of 364 patients with a median age of 74 (12) years and the main reasons for hospitalization were surgery
(37.1%) and oncological diseases (20.6%) were included in the study. According to different reference criteria, the SARC-F
tool has a sensitivity of 80.2-85.8% and a specificity of 53.7-70.6%. The sensitivity and specificity of the SARC-CalF tool was
70.7-76.2% and 46.1-58.8%, respectively. The sensitivity of both tools was lower among surgical patients and those who were
well-nourished.

Conclusions: The SARC-F tool demonstrates higher sensitivity in assessing low muscle strength in hospitalized older patients.
However, further research is needed to identify the most appropriate sarcopenia risk assessment method, particularly
according to the patient’s characteristics.

Keywords: sarcopenia, older adults, muscle strength

Introduction functional dependency, falls, fractures and mortality.>*
Although the pathophysiological mechanisms have not
Sarcopenia is a complex nutritional disorder' which been fully elucidated, the pathogenesis of sarcopenia

is associated with poor health outcomes such as is multifactorial and includes age, hormonal imbalance,
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chronicinflammation, redoximbalance, and mitochondrial
disfunction.® The prevalence of sarcopenia among older
adults’ ranges from 18% to 66% in different patient
groups.®

Early detection and diagnosis of sarcopenia is important,
but sarcopenia is often underdiagnosed in clinical
practice.” Several working groups have proposed current
definitions of sarcopenia, including the Asian Working
Group for Sarcopenia (AWGS), the European Working
Group for Sarcopenia in Older Persons (EWGSOP2);
and the Sarcopenia Definitions and Outcomes
Consortium (SDOC).8"° Previous studies have reported
poor agreement between different criteria used in the
diagnosis of sarcopenia.’

Screening methods are the first step in the nutritional care
process, which is of great importance in the diagnosis
of sarcopenia. The detection of sarcopenia requires
reliable measurement of muscle strength and muscle
mass using valid, reproducible, cost-effective and highly
sensitive tools.” The SARC-F (Simple Questionnaire for
Rapid Diagnosis of Sarcopenia) has been developed as
a possible rapid diagnostic test for sarcopenia.* The
SARC-F questionnaire is a practical self-report tool that
can be easily used in health care settings to identify
potential cases of sarcopenia and determine whether
individuals require further assessment.™ Previous studies
on the clinical validity and cultural adaptation of the
SARC-F tool in different countries have reported that it
is a valid tool with low sensitivity and high specificity in
determining the risk of sarcopenia.’®’® Anthropometric
measurements are important assessment methods that
can be used to determine nutritional status, diagnose
nutritional disorders and monitor medical nutrition
therapy in older patients.” Some studies have suggested
including calf circumference in diagnostic algorithms for
sarcopenia and SARC-CalF was developed to improve

Main Points

« Screening methods play a crucial role in the
diagnosis of sarcopenia.

» The diagnostic accuracy of sarcopenia risk screening
tools is strongly influenced by the characteristics of
the patient population.

+ The SARC-F tool demonstrates higher sensitivity
for sarcopenia risk screening in hospitalized older
patients.

the sarcopenia screening performance of SARC-F by
including calf circumference measurement.?°-?? Previous
studies reported that SARC-CalF significantly enhances
the sensitivity and overall diagnostic accuracy of SARC-F
for screening sarcopenia in various older populations.2324

The second step in the sarcopenia diagnostic algorithm,
following screening for sarcopenia risk, is the assessment
of muscle strength, which typically requires a chair stand
test orhand dynamometer.° The measurement of handgrip
strength, a singular indicator of overall muscle strength,
has been widely adopted as a useful and prognostically
significant parameter, especially for older adults.?®
However, the cut-off values for handgrip strength used
in the diagnosis of sarcopenia vary across different
consensus groups and handgrip strength measurement
may not always be feasible in clinical practice.®® These
variations in protocols may lead to discrepancies in
handgrip strength measurements, potentially impacting
the accuracy of sarcopenia screening.?’

Interestingly, to date, no specific study has been
conducted to evaluate the performance of SARC-F and
SARC-CalF in identifying a low handgrip strength in
hospitalized patients with different characteristics. The
aim of this study was to assess the performance of the
SARC-F and SARC-CalF tools in predicting low handgrip
strength according to various diagnostic criteria for
sarcopenia in hospitalized older patients.

Method

Study population

This retrospective study was conducted between
June 2022 and 2024 with older patients referred to
the nutritional support team from inpatient clinics
of a university hospital. Patients were excluded from
advanced dementia, presence of delirium or confusion,
multiorgan failure and comatose state based on medical
record documentation, patients treated in the intensive
care unit and palliative care unit and a disease/condition
that prevented reliable anthropometric and handgrip
strength measurements (primary neuromuscular disease,
limb amputation, etc.). The Strengthening the Reporting
of Observational Studies in Epidemiology statement
was used to organize and report the results.?® The study
protocol was approved by the local ethics committee
(approval number: 2024/83).
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Demographics and clinical characteristics

Demographics and clinical data, including age, sex,
primary admission categories and comorbidity status
were recorded. The age-adjusted burden of chronic
diseases of the patients was determined with the
Charlson Comorbidity Index (CCI).?°

Nutritional assessment and anthropometric
measurements

Anthropometric measurements and nutritional
assessment were performed by a dietitian. Nutritional
statuswasassessed using the MiniNutritional Assessment
(MNA). An MNA score <17 was classified as malnutrition,
a score between 17 and 23.5 as at risk of malnutrition,
and a score > 24 as indicating normal nutritional status.>°
The MNA is a comprehensive assessment method
recommended for the diagnosis of malnutrition in older
patients.®

Body weight and height were measured with light
clothes and without shoes using a scale and stadiometer
available at the hospital, and body mass index (BMI, kg/
m?) was calculated. Mid-arm circumference (MAC, cm)
was measured on a fully relaxed upper arm, using inelastic
tape, marking the midpoint between the acromion and
olecranon protrusion. Calf circumference (CC, cm) was
measured in the largest circumference of the leg.

Sarcopenia risk assessment

SARC-F and SARC-CalF tools were used for sarcopenia
risk assessment, respectively. SARC-F questionnaire
includes five components: strength, assistance walking,
rise from a chair, climb stairs, and falls. Each component
of SARC-F scores 0-2 points, with a total score ranging
from O to 10.% The SARC-CalF consists of the five
components of the SARC-F in addition to measuring calf
circumference. The first five items are scored in the same
as the SARC-F. Calf circumference component is scored
as O point if the calf circumference measurement is >34
cm for males and >33 cm for females and as 10 points
if the calf circumference measurement is <34 cm for
males and <33 cm for females.??A total score of SARC-F
> 4 and a total score of SARC-CalF 211 indicate risk for
sarcopenia, respectively.™22
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Muscle strength

Muscle strength was assessed using handgrip strength
with a hand dynamometer. Patients were positioned
as recommended by the American Society of Hand
Therapists, in a sitting position with the arms bent
90 degrees at the elbow and shoulder joints.*® The
dominant hand was measured three times, however, if
a condition affected the reliability of the measurement
such as vascular access in the dominant hand, the non-
dominant hand was preferred. To ensure measurement
reliability, the hand was allowed to rest for one minute
between measurements and the average value of the
measurements was recorded.

The EWGSOP2 and AWGS cut-off points for low hand
grip strength were <27 kg and <28 kg in men and <16 kg
and <18 kg in women, respectively.®® SDOC criteria for
low hand grip strength was <35.5 kg in men and <20 kg in
women.”® The country-specific handgrip strength cut-off
points were determined as <32 kg for men and <22 kg for
women (Table 1).34

Statistical analysis

Data were analyzed using SPSS software (version
23, IBM). The normality of the data was evaluated
using the Kolmogorov-Smirnov test and histogram
graphs. Descriptive data is reported as means *
standard deviations, median and interquartile range,
or percentages, as appropriate. Differences between
categorical variables were determined by Chi-square test.
Continuous variables were analyzed using independent
samples t-test or Mann—Whitney U test, as appropriate.
The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) of each criterion
was calculated with a contingency table. Sensitivity
and specificity were classified as poor if <50%, fair if
>50% and <80%, good if >80%. All statistical tests were
considered statistically significant at p value <0.05.

Table 1. Cut-off values to define low handgrip strength
EWGSOP2 AWGS SDOC Specific

Low handgrip

strength
Male <27 kg <28kg <355kg <32kg
Female <16 kg <18kg <20kg <22kg
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Results

A total of 483 patients who underwent sarcopenia risk
assessment and handgrip strength measurements were
initially screened for eligibility during the study period. Of
these, 97 patients did not have a nutritional assessment,
16 patients did not have anthropometric measurements,
and 6 patients were excluded from the treated with
intensive care unit, and the remaining 364 patients were
included in the study, and the characteristics of the
study population are shown in Table 2. Participants were
predominately male (65.1%) with a median (IQR) age of
74 (12) years. The most common primary hospitalization
diagnoses were surgery (37.1%) and oncological diseases
(20.6%).

Table 2. Demographic and clinical parameters

Total
Age, years, median (IQR) 74 (12)
Sex, n (%)
Male 237 (65.1)
Female 127 (34.9)
Hospital clinic, n (%)
Surgery 163 (44.8)
Medical 201(55.2)
CClI, median (IQR) 6(2)
Admission diagnoses, n (%)
Neurologic 61(16.8)
Surgery 135 (37.1)
Oncology 75 (20.6)
Respiratory 30(8.2)
Other 63 (17.3)
Nutritional status, n (%)
Normal nutritional status 92 (25.3)
Malnutrition risk 97 (26.6)
Malnutrition 175 (48.1)
Anthropometric measurements
BMI, kg/m?, median (IQR) 24.1(6.8)
Handgrip strength (kg), median (IQR) 13.9(13.7)
Calf circumference, cm, median (IQR) 31.5(5.8)
Mid-arm circumference, cm, mean+SD 26.1x4.7

" Metabolic, endocrine, gastrointestinal, cardiac, renal, and infectious
disease.

The prevalence of low muscle strength according to
EWGSOP2, AWGS, SDOC and community-based criteria
is 81.6-95.9%. The sensitivity and specificity of SARC-F
was 85.8% and 53.7% for EWGSOP2, 84.7% and 54.4%
for AWGS, 80.2% and 60% for SDOC, and 80.9% and
70.6% for population-based criteria (Table 3). The
sensitivity and specificity of SARC-CalF was 76.2% and
58.8% for EWNGSOP2, 75% and 56.5% for AWGS, 70.7%
and 46.1% for SDOC, and 70.9% and 50% for population-
based criteria (Table 4).

Discussion

As sarcopenia is a predictor of adverse clinical outcomes
in hospitalized older patients, early detection through
appropriate screening and early intervention is of critical
importance. The variability of cut-off values for handgrip
strength used in sarcopenia screening may be attributed
to cultural, social and lifestyle differences among
individuals. The lack of a consensus on the assessment
of handgrip strength in epidemiological studies also
contributes significantly to the variability.?” Therefore,
data are needed to determine the most appropriate
cut-off points for handgrip strength measurement and
the most appropriate screening tool in the sarcopenia
diagnostic algorithm in hospitalized patients.

Several sarcopenia screening tools are available, but the
most widely used tool in clinical practice is the SARC-F.
Studies investigating the usefulness of SARC-F in the
detection of sarcopenia have reported conflicting
results. In a meta-analysis of older patients living in the
community, in hospitals, and in nursing homes, SARC-F
was found to have a low-moderate sensitivity of 36%
and a high specificity of 87%.3° Similarly, in a recent
meta-analysis of community-dwelling, nursing home,
and hospitalized older adults, the SARC-F score was
reported to have low sensitivity and high specificity.*®
Otherwise, there are very few studies to determine the
usefulness of SARC-F in the detection of sarcopenia in
hospitalized patients. In 115 patients with hip fracture,
the sensitivity and specificity of SARC-F tool as a
screening method for sarcopenia ranged from 86% to
95% and 40% to 56%, respectively, depending on the
reference criteria.’ Dedeyne et al.*® reported that the
SARC-F showed good sensitivity (83-84%) and poor
specificity (19-20%) to identify geriatric rehabilitation
inpatients at risk for sarcopenia according to EWGSOP?2
and AWGS definitions. Consistent with previous studies,
the present study according to different reference
standards, the sensitivity of SARC-F ranged from 80.2-
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Table 3. Sensitivity and specificity of SARC-F score according to handgrip strength in different sarcopenia consensus definitions

Low muscle strength-EWGSOP2

SARC-F 2 4 Sensitivity (%)
Total population 85.8%
Nutritional status

Normal nutritional status 75.4%
Malnutrition risk/malnutrition 88.5%
Hospital clinic

Surgery 79.6%
Medical 90.8%
Total population 84.7%
Nutritional status

Normal nutritional status 72.3%
Malnutrition risk/malnutrition 88.0%
Hospital clinic

Surgery 78.9%
Medical 89.3%
Total population 80.2%
Nutritional status

Normal nutritional status 60.5%
Malnutrition risk/malnutrition 86.7%
Hospital clinic

Surgery 75.6%
Medical 83.9%
Total population 80.9%
Nutritional status

Normal nutritional status 62.9%
Malnutrition risk/malnutrition 86.5%
Hospital clinic

Surgery 76.5%
Medical 84.5%

Specificity (%) PPV (%) NPV (%)
53.7% 89.2% 46.1%
742% 852% 60.5%
36.1% 90.1% 32.5%
53.3% 88.3% 37.2%
54.0% 89.7% 57.1%

Low muscle strength -AWGS

54.4% 90.1% 39.7%
74.0% 87.0% 52.6%
36.7% 91.8% 27.5%

56% 90.8% 32.5%
53.1% 90.9% 48.6%

Low muscle strength -SDOC

60% 97.9% 11.5%
66.7% 96.3% 10.5%
55.5% 98.3% 12.5%
71.4% 98.3% 11.6%

50% 97.6% 11.4%

Low muscle strength -Population based

70.6% 98.2% 15.3%
72.7% 94.4% 21.0%
66.7% 99.1% 10.0%

70% 97.5% 16.3%
71.4% 98.8% 14.3%

85.8% and the specificity ranged from 53.7-70.6% for the
low muscle strength, whereas the sensitivity of SARC-F
was lower in surgical and well-nourished patients. One of
the most important reasons for the differences between
studies may be that diagnostic accuracy depends on
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patient characteristics such as disease severity, stage
and comorbidity.® Moreover, given the heterogeneity
of hospitalized patients and the varied in the causes of
sarcopenia development, it is obvious that a significant
gap in this field.
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Table 4. Sensitivity and specificity of SARC-CalF score according to handgrip strength in different sarcopenia consensus definitions

SARC-CALF = 11

Total population

Nutritional status

Normal nutritional status
Malnutrition risk/malnutrition
Hospital clinic

Surgery

Medical

Total population

Nutritional status

Normal nutritional status
Malnutrition risk/malnutrition
Hospital clinic

Surgery

Medical

Total population

Nutritional status

Normal nutritional status
Malnutrition risk/malnutrition
Hospital clinic

Surgery

Medical

Total population

Nutritional status

Normal nutritional status
Malnutrition risk/malnutrition
Hospital clinic

Surgery

Medical

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
76.2% 58.8% 89.5% 34.9%
70.6% 71.4% 80% 60%
77.1% 50% 91.2% 24.6%
74.5% 54.5% 87.5% 33.3%
77.3% 62.1% 90.8% 36%

75%

70.6%
75.7%

73.9%
75.7%

70.7%

56%
74%

70%
71.2%

70.9%

56.5%
73.9%

70.1%
71.5%

Low muscle strength -EWGSOP2

Low muscle strength -AWGS

56.5% 90% 30.2%
71.4% 80% 60%
44% 91.8% 18%
55% 88.7% 30.5%
57.7% 90.8% 30%
Low muscle strength -SDOC
46.1% 96.5% 7%
60% 93.3% 12%
37.5% 97% 4.9%
50% 96.2% 8.3%
42.8% 96.7% 6%
Low muscle strength -Population based
50% 96.5% 8.1%
55.5% 86.7% 20%
40% 98.2% 3.3%
44.4% 93.7% 11.1%
60% 98.3% 6%
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SARC-CalF, as an updated version of SARC-F, includes
the inclusion of calf circumference measurement in
SARC-F. In this study, the sensitivity and specificity
of SARC-CalF were found to be 70.9-76.2% and 46.1-
58.8%, respectively. Previous studies have shown that
the diagnostic accuracy of CARC-CalF is higher than
SARC-F in different hospitalized patient population.®4!
In contrast to, in a study with hospitalized older patients
with reported that SARC-F tool is more appropriate for
use in a sarcopenia screening algorithm.*? Likewise, in
the community-dwelling older adult population, SARC-
CalF did not show superiority over SARC-F for sensitivity
analyses.*®* However, the different results of the studies
are closely related to the obesity status of the included
older patients, as SARC-CalF may make it difficult to
detect sarcopenic obesity and edema. Moreover, the
original cut-off points for calf circumference in SARC-
CalF are 34 and 33 cm for men and women respectively.?
However, these cut-off points differ from the sarcopenia
risk levels recommended for use in different patient
populations.3*#* Therefore, future studies are needed to
evaluate the diagnostic accuracy of the cut-off points
in the SARC-CalF tool by revising them for different
patient populations. Some studies have reported that
the diagnostic capacity of sarcopenia improved when
the cut-off point of SARC-F and SARC-CalF were
used differently from the original study.*>#¢ However,
differences in references for diagnosis of sarcopenia,
the use of different cut-offs for SARC-F and SARC-CalF
scores and the heterogeneity of the population should
be considered.

The study has several limitations. First, a causal
association could not be established due to the
retrospective observational design. Also, the study
patients were referred to the nutrition support team, and
approximately 75% of the study population consisted of
patients with nutritional risk or malnutrition. Considering
that nutritional risk and malnutrition are risk factors for
sarcopenia*’#® this may have led to overestimation of
sarcopenia the prevalence of sarcopenia and limit the
generalizability of our findings. Finally, our study included
geriatric patients with a wide range of disease types and
severities, and an acute illness may cause a temporary
decline in handgrip strength in an older adult.

Based on the results of our study, it can be concluded
that the SARC-F tool predicts the occurrence of low
muscle strength with greater accuracy in hospitalized
older patients. However, further research is needed
to determine the most appropriate sarcopenia risk
assessment method, especially according to the patient’s
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characteristics. Considering the impact of sarcopenia
on clinical outcomes, its tendency to increase with age
and disease burden, and its high prevalence, research
in different countries should be focused on developing
effective screening strategies and establishing reliable
criteria.
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ABSTRACT

The type of cancer, size and location of the tumor, stage of the disease, and treatments provided may lead to different
degrees of malnutrition in patients. Symptoms that develop due to the tumor itself or the treatment process may cause a
decrease in oral food intake. Therefore, for patients undergoing cancer treatment, personalized nutrition therapy is of great
importance. Patients should be regularly screened and evaluated for early detection of malnutrition. All oncology patients
should be provided with nutritional counseling, and individuals in the high-risk group should be closely monitored. The nutrition
plan should be created based on the type of the disease, treatment process, symptoms, individual needs and living conditions.
The primary preference in nutritional treatment is to ensure that the patient is naturally fed orally. However, in cases of
inadequate nutritional intake, oral nutritional suplements (ONS), enteral nutrition (EN) or parenteral nutrition (PN) methods
can be utilized. EN and PN can be used as complementary to each other when necessary and can increase the effectiveness
of nutritional therapy. Regular follow-ups during this process are critical for the maintenance of the patient’s nutritional status
and prevention of possible complications. The nutritional education process should be reinforced with supportive educational
materials whose language is understandable and plain in an environment suitable for the patient’s needs.

Keywords: cancer, malnutrition, nutritional support

Introduction Malnutrition in patients with cancer

The type of cancer, size and location of the tumor,
stage of the disease, and treatments provided may
lead to varying degrees of malnutrition in patients with
cancer. Gastrointestinal dysfunction and anorexia that
develop due to the disease or the treatment process may
cause malnutrition. Malnutrition, a common problem in
patients with cancer, is detected in 15-40% of the cases
at the time of diagnosis. This rate increases during the
treatment process and reaches a high rate of 40-80%

Cancer is not only a disease of abnormal cell growth,
but also a condition that profoundly affects the body’s
metabolic processes and nutritional balance. Throughout
the course of the disease, from diagnosis to treatment
and beyond, patients often face challenges that
compromise their ability to maintain adequate nutritional
intake. Addressing these challenges is essential for
improving treatment outcomes, quality of life, and overall

rognosis. . . .
prog in patients with advanced-stage cancer. Therefore,
nutritional status should be evaluated early, and patient-
specific nutritional therapy should be planned.!
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Symptoms that may affect the patient’s nutrition may
occur during radiotherapy (RT), chemotherapy (CT), and
surgical procedures. Symptoms that vary according to
the application dose and the area where RT is performed
prevent the patient from taking in nutrients. For instance,
RT performed on the head and neck region may cause
changes or loss in taste, mucositis, dry mouth, fatigue,
nausea, trismus, and tooth and gum problems. If the
patient undergoes RT together with CT, these symptoms
may be accompanied by loss of appetite, nausea,
lack of hunger, feeling full quickly, and fatigue. RT
performed on the abdominal region may cause diarrhea,
abdominal pain, or cramps. If RT is performed on the
thoracic region, it may cause stenosis or strictures in the
esophagus, esophagitis, and difficulty swallowing.? The
location, complexity, and extent of resection of surgical
procedures performed on the patient may have a direct
impact on the patient’s nutritional status.® Surgeries
targeting the digestive system increase the risk of
malnutrition and thus may affect absorption of nutrients
and gastrointestinal functions. In addition, combinations
of CT performed before or after surgery, and long-term
treatment protocols may lead to numerous negative
effects on nutrition. Side effects such as nausea,
vomiting, mucositis, loss of appetite, and changes in
taste due to treatment make it difficult for the patient to
have adequate and balanced nutrition, and thus increase
the risk of malnutrition further.*

Main Points

+ Malnutrition is common in cancer patients and
requires early assessment.

+ The patient’s nutritional status should be evaluated
early, and an individualized nutritional treatment plan
should be developed and continuously monitored.

« Symptoms affecting food intake due to treatment
should be kept under control.

+ Nutritional therapy should primarily focus on
natural oral feeding; however, when necessary, oral
nutritional supplements (ONS), enteral nutrition
(EN), or parenteral nutrition (PN) may be used. EN
and PN can also be combined when needed.

» Nutrition education should be simple and
understandable, supported by clear educational
materials in appropriate setting.
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Consequences of malnutrition on treatment
outcomes

Malnutrition is a common problem at every stage of
cancer, regardless of the stage, and has intense effects
on patients’ general health status. In patients receiving
curative, adjuvant, or palliative treatment, nutritional
deficiencies can bring about serious consequences
such as muscle loss, decreased functional capacity,
increased risk of infection, and poor response to
treatment. Malnutrition is also known to increase surgical
complications and is an independent risk factor that
negatively affects survival.>¢ Malnutrition that occurs
during cancer treatment increases the risk of toxicity,
worsens the quality of life, and reduces patients’
functionality. It is also closely related to sarcopenia,
since it worsens muscle function and causes a decrease
in lean body mass and muscle performance.” Low skeletal
muscle mass and weight loss are independent prognostic
factors that negatively affect survival in cancer patients.
These factors are also key features of cancer cachexia, a
progressive and often irreversible syndrome commonly
observed in advanced-stage disease.”® Sarcopenia is
not only caused by cancer or old age, but can also be
triggered by CT. latrogenic sarcopenia is characterized
by poor muscle quality, which leads to changes in the
volume of distribution of medications, pharmacokinetics,
and consequently increases CT toxicity. Sarcopenia is
associated not only with reduced CT response but also
with worse outcomes in a vicious cycle. Muscle loss
deteriorates the patient’'s general health status further
and thus can adversely affect the response to treatment.®
Negative effects of sarcopenia on outcome also occur in
surgical patients, since it is a risk factor for perioperative
and postoperative complications.” Although more than
50% of hospitalized patients with cancer and up to 30%
of outpatients develop sarcopenia, unfortunately, in
clinical practice, nutritional assessment is performed in
only 30-60% of malnourished patients."™ Muscle mass
and adipose tissue are among the important factors
affecting oncological outcomes. Therefore, adequate
nutrition is the most important strategy to optimize body
composition, since it is an essential part of successful
cancer treatment. The main goal in performing nutritional
intervention is to affect body composition positively in
order to improve outcomes of the cancer treatment and
prognosis, and to reduce morbidity.’
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Guidelines and evidence-based nutritional
interventions

In international guidelines, it is recommended that
intensive nutritional counseling should be given and
oral nutritional supplements (ONS) should be provided
to increase nutritional intake, reduce treatment-related
weight loss, and prevent treatment interruptions
in patients undergoing cancer treatment.® Oral
nutritional intervention is a critical step in the prevention
and treatment of malnutrition by closing the gap
between recommended and actual nutritional intake
during treatment to meet the patient’s needs.” It has
been demonstrated that nutritional counseling provided
by oncology dietitians provide significant benefits in
improving nutritional status, body weight, and quality of
life.3®

The key factor in successful cancer treatment is
appropriate nutrition. The type of nutritional therapy varies
according to the patient’s history, the type and stage of
the tumor, and the patient’s response to treatment. The
type of the cancer or the location of the tumor requires
personalized nutritional models. Since nutrition affects
the development of the disease, natural symptoms of
the tumor, response to anti-neoplastic therapies and
recovery, and thus has a strong effect on the quality of
life and prognosis of the disease, it is a central factor in
oncology.! The idea that patients should take adequate
nutrients to maintain daily activity, functional capacity,
and to have more successful treatments is accepted by
both patients and their families and caregivers.”

In 2021, the European Society for Clinical Nutrition and
Metabolism (ESPEN) recommended the following:

1. Malnutrition risk should be screened regardless of
body mass index (BMI) or history of weight loss,

2. Nutrient intake, body composition, inflammation,
energy expenditure, and physical function should be
assessed,

3. Individualized multimodal therapy should be
provided to improve oral nutrient intake, reduce
inflammation and metabolic stress, and increase
physical activity."®

On the other hand, in 2020, the American Society of
Clinical Oncology (ASCO) recommended that only
dietary counseling should be given and corticosteroids
and progesterone analogs should be appropriately
administered.” Both ESPEN and ASCO emphasize
that enteral and parenteral nutrition should only be

administered to patients with inadequate oral intake
or impaired intestinal function. In 2021, the European
Society for Medical Oncology (ESMO) recommended
that screening should be performed for malnutrition, and
that the patient’s clinical, psychological and social status,
nutrition, social support and exercise needs, requirements
for corticosteroids, olanzapine, and progestin to improve
his or her appetite should be comprehensively assessed.?°

Nutritional screening and assessment

The patient's nutritional status should be assessed
periodically at different stages of the cancer journey,
because nutritional status is not steady; it varies. The
type and stage of the tumor, the treatment method and
comorbidities affect the patient’s nutritional needs. The
patient’s inflammatory and metabolic processes should
be continuously assessed. Nutritional interventions
can be adapted according to the current risk.” Patients’
nutritional problems should be assessed continuously
from the initial signs and symptoms of anorexia to
pre-cachexia, cachexia and advanced cachexia. If this
is compared to a pyramid, while advanced cachexia
represents the peak of the pyramid, pre-cachexia caused
by initial malnutrition is the broad base of the pyramid.?'
The effectiveness of any nutritional intervention depends
on the timing of support. The best results from nutritional
intervention are achieved when it is performed early,
adequately and continuously.” Proactive assessment
of nutritional status is essential for the selection of the
intervention needed, which makes it possible to identify
and follow up patients who would benefit from nutritional
intervention. Although there are many screening and
assessment tools, none of them is complete and flawless.
In adult oncology patients, screening and assessment
tools proved as valid and reliable can be used to
determine the malnutrition risk. One of these tools is the
Patient-Generated Subjective Global Assessment (PG-
SGA), which was developed specifically for patients with
cancer, is administered to rate the symptoms.?? The PG-
SGA is considered as a valid and reliable tool that can
be used to assess nutritional needs of adult oncology
patients receiving outpatient and inpatient treatment
comprehensively, and to determine nutritional triage.2*26
In addition to the PG-SGA, the NRS 20022627, a nutritional
risk screening toolrecommended by ESPEN forinpatients,
and the Subjective Global Assessment (SGA)?8, which is
mandatory to be recorded in the reimbursement systemin
Turkey, are also used. The Global Leadership Initiative on
Malnutrition (GLIM) proposed a definition of malnutrition
that takes into account both phenotypic (unintentional
weight loss, low body mass index [BMI], and reduced
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muscle mass) and etiological criteria (reduced nutrient
intake or absorption, inflammation, or disease burden)
for the diagnosis of malnutrition to guide nutritional
intervention and expected prognosis.?® The primary goal
of all these nutritional screening tools is to assess the
nutritional status of patients and, accordingly, to predict
the risk of improved or worsened clinical outcomes.*®

The nutritional treatment process should be evaluated in
five stages:

1. Nutritional Screening and Assessment: determining
the risk of malnutrition.

2. Medical and Nutritional History: Acute and chronic
diseases and nutritional habits.

3. Anthropometric Measurements: BMI, calf
circumference, mid-upper arm circumference, hand
dynamometer.

4.Biochemical Data: Albumin, prealbumin, transferrin,
micronutrients, CRP, etc.

5. Physical Examination Findings: Muscle loss, adipose
tissue changes, ascites, edema, functional capacity.®

To ensure the effectiveness of individualized nutrition
therapy, in addition to nutritional and clinical parameters,
patients’ oral food consumption, daily eating habits, food
choices, psychological status, autonomy in eating and
cooperation should be examined in detail. In addition,
whether patients need help or support in the nutrition
process should be determined and a personalized
approach should be developed. When the patient’s
nutritional history is taken, not only his or her energy and
protein intake but also changes in solid and liquid food
intake (type, texture, temperature), the suitability and
adequacy of ONS, EN or PN application if previously
recommended, the actual daily macro and micronutrient
intake level from artificial nutrition and other nutritional
sources, ONS use, food avoidance and intolerances,
medications used, herbal products and complementary
or alternative products, ability to shop, prepare food,
people who the patient lives with, and economic
factors affecting his or her access to food should also
be questioned and recorded.® After the use of herbal
and supplementary products in patients receiving
CT is questioned, the patient should be informed
about potential drug-non-drug interactions regarding
nutritional support. Before a nutritional plan is made for
adult oncology patients, some laboratory findings such
as fasting blood sugar, neutrophil and platelet levels,
nutritional anemia profile (hemoglobin, hematocrit,
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folate, vitamin B12 and iron); electrolyte and kidney (urea
creatinine) and liver functions; albumin and prealbumin
values to be evaluated together with C-reactive protein
value, and the results of gastrointestinal function tests
(swallowing tests, abdominal films, gastric emptying
and transit time, etc. tests).should also be taken into
account.™

The patient’s intellectual level should be taken into
consideration when nutritional counseling and education
is provided to him or her. Factors such as the presence of
fatigue or depression, the severity and location of pain if
present, whether or not the patient lives alone, whether
or not the patient receives social support, and whether
or not the patient has a chronic disease that requires him
or her to go on a diet may affect both the nutritional plan
and the way the patient implements these. In addition,
especially in patients over the age of 65, loss of muscle
mass, loss of subcutaneous fat, presence of pressure
ulcers or wounds, appetite, structure and health of the
mouth and teeth, and presence of edema or ascites
should also be taken into account.®

To assess muscle loss, which is a defining characteristic
of sarcopenia and cachexia of sarcopenia and cachexia,
a bioelectrical impedance analyzer can be used or,
more practically, calf circumference is measured. Other
anthropometric measurements such as weight, height,
BMI, weight loss, mid-arm circumference, and skinfold
thickness are also indispensable criteria for follow-up and
evaluation. The process of muscle loss in a cancer patient
issimilarto aforest fire and subsequent afforestation. Just
as fire destroys a forest rapidly, muscle loss also occurs
in a short time. However, like reforestation, recovery of
muscle mass can also be possible over time, with proper
nutrition and appropriate support. Early intervention is
important because preserving existing muscle is easier
than rebuilding it.®

Nutrition education and counseling in oncology

From a nutritional perspective, interventions include
oral nutrition and diet education, ONS, or EN or PN as
appropriate, and combinations of these.®? In the clinical
practice of individualized nutrition counseling, oral
nutrition always ranks in priority. Oral nutrition is the
preferred way of feeding, as it is an important part of the
patient’s daily routine and contributes to the patient’s
autonomy significantly. The patient should be encouraged
to sit at the dinner table with the family and friends,
and to avoid isolating himself or herself. Diet is the only
factor that the patient can control during all treatments



Clin Sci Nutr. 2025;7(2):131-140

Hopanci Bigakli D, Nutritional Therapy in Cancer

and interventions. Accepting that the prescribed diet is
suitable and adapted to individual needs is also a very
effective approach in terms of supporting the patient’s
psychology, as it gives the patient a sense of control.
Individualized diet counseling should be performed and
monitored by a dietician who is an expert in this field.
Adequate nutritional intake is also accepted by both
the patient, and the family and caregivers to maintain
activities of daily living, energy, functional capacity, and
to have more successful treatments.! Patients’ spouses
and relatives are more concerned about patients’
weight loss than are the patients. Patients feel more
pressurized when they are forced to eat, which affects
their relationships negatively.® Individualized nutritional
counseling is the most effective nutritional intervention,
and ensuring consistent and adequate nutrition is
one of the most important factors that can overcome
predictable post-treatment deterioration.?4343%

In multidisciplinary teams providing cancer treatment, an
oncology dietitian should always be included. Patients
receiving active treatment should be evaluated by an
oncology dietitian and provided with medical nutrition
therapy if necessary.? The main goal of nutrition therapy
is to protect oral nutrition while food-related discomfort
is minimized with strategies such as individualized
diet counseling, food fortification and ONS.*® Dietary
recommendations should be provided considering
factors such as food quality, portion size, meal timing
and consistency compliance to optimize energy and
protein intake. The dietitian can provide personalized
recommendations based on the patient's energy
expenditure, disease status and food preferences. In
nutritional counseling, symptoms such as anorexia,
nausea, dysphagia, abdominal bloating, diarrhea and
constipation should be addressed, and compliance
should be encouraged by explaining the reasons and
goals of the nutritional recommendations to the patient.>”

After all assessments are performed, a dietitian should
inform the patient about the personalized nutrition plan
in a relaxed and calm environment, where the patient’s
relatives are present if possible and allow them to ask
questions. A significant obstacle to behavioral change
is that patients generally do not consider nutrition
as therapy. Animated videos, easily understandable
illustrated educational materials, brochures, and other
patient-focused resources can be effective in educating
patients about nutrition-based treatments.™*

It is recommended that dietetic counseling should be
held face to face within the first 4 days after treatment

is started, once a week during the first half of treatment,
and then once every 2 weeks for the remaining period.
Between the nutritional counseling sessions held face to
face, additional counseling can be given on the telephone
if necessary.

Use of supplements and complementary
practices

The prevalence of complementary and alternative
medicine use among adult patients with cancer in the
United States is approximately 36%.% Interactions
between medicinal plants and foods and oral
antineoplastic agents are an issue that should be taken
into consideration, because the complementary medicine
combinations used may interact with cancer medication
taken by patients and lead to negative results. Although
there are a limited number of studies conducted on the
pharmacokinetic interactions of dietary supplements
and cancer drugs, there is evidence of several possible
interactions and adverse reactions. Certain components
of foods and dietary supplements (e.g., St. John's wort,
grapefruit juice, and epigallocatechin gallate obtained
from green tea”) may alter the pharmacokinetics of
certain types of drugs.*®

Inappropriate or excessive use of dietary supplements
during and after treatment may also lead to serious
problems. In a study in which the use of antioxidant
dietary supplements (selenium, multivitamins, zinc,
and vitamins A, C, and E) before and after diagnosis
in  postmenopausal breast cancer survivors was
investigated, it was demonstrated that the risk of total
death increased and recurrence-free survival worsened
with the use of antioxidant dietary supplements during
CT or RT.#0

Oral nutrition support and dietary strategies

Anutritioneducationprogramincluding nutritionalchange
lists, quick, easy and nutritious snack ideas appropriate
for the patient’s needs, nutritional measures that can be
taken against symptoms should be arranged, and plans
for personalized meals and recipes should be made." In
the literature, studies in which dietary counseling has
been demonstrated to help prevent discontinuation of
treatment in patients receiving adjuvant RT or CT, to
increase oral protein and energy intake, body weight and
quality of life, and to reduce the frequency and severity
of toxicity are available.'*34#142 |n several studies, it has
been reported that regular dietary counseling is superior
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to interventions that provide ONS alone in maintaining
quality of life, and the positive effect continues even
three months after RT in the outcomes of patients in the
group receiving counseling.3*443 |t has been reported
that providing additional ONS results in better weight
gain, increases protein-calorie intake, improves quality of
life, and is associated with better anticancer treatment
tolerance.** Dietary counselling and use of ONS should be
the first step towards increasing oral energy and protein
intake to improve clinical outcomes.*>#¢ In the Oncology
Evidence-Based Nutrition Practice Guidelines, it is
indicated that early and intensive nutritional intervention
improves weight management and treatment outcomes
in a variety of cancers (e.g. breast, ovarian, lung, leukemia,
head and neck, colorectal, upper gastrointestinal).

Nutritional intervention increases lean tissue mass,
perceived health, patient satisfaction, appetite and
treatment tolerance, and shortens length of hospital stay
and admissions.®

Because of the strong association between nutritional
status and quality of life, it has been emphasized that
all adult oncology patients should be provided with a
nutritional plan after diagnosis.*’ In their systematic
review and meta-analysis, Baldwin et al. investigated the
effect of dietary intervention in 1414 patients with cancer
who were malnourished or at risk of malnutrition, and
who received both CT and RT as adjuvant, neoadjuvant,
or primary treatment. Oral nutritional intervention by
a dietitian improved global quality of life, emotional
functioning, dyspnea, and anorexia, but did not affect
mortality.*®

In a randomized controlled trial conducted to compare
nutritional outcomes of patients undergoing RT applied to
the gastrointestinal or head and neck region according to
the radiation oncology medical nutrition protocol of the
American Dietetic Association and patients undergoing
standard practice, less deterioration was reported in
body weight, nutritional status, and quality of life in the
protocol group at the end of 12 weeks.

In addition, there were clinically significant differences
between the protocol group and standard practice group
in terms of lean mass, which suggested that nutritional
intervention performed according to the protocols would
be more beneficial in patients undergoing RT.*°

When the patient’s diet is planned, it should be taken into

consideration that tumors and treatments may affect
nutritional status and nutrient absorption. Malnutrition is
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common in patients with head, neck, and gastrointestinal
system cancers, while symptoms such as mucositis,
taste changes, dysphagia, nausea, and diarrhea may be
observed in patients receiving RT." Fiber and lactose
intake has been analyzed in the treatment of diarrhea in
patients receiving RT applied to the abdominal and pelvic
region.’°2 |In a study, reduced lactose and fiber intake
were determined to have no effect on Gl toxicity after
12-24 months.3* In another study, a diet rich in soluble
fiber significantly improved Gl toxicity.>®

It is reported that high-fiber and low-fat diets, together
with probiotics, have a protective effect against Gl
toxicity in patients receiving RT.5* Improvement in RT-
related diarrhea results from non-starch polysaccharides.
During this period, fluid intake should be increased, and
fatty and gas-producing foods should be avoided. In
addition, foods rich in potassium and sodium should be
recommended.

In case xerostomia and mucositis occurs after RT applied
to the head and neck region, patients should be given
stews and soft foods, oral nutrition products should
be used, and a nutrition plan with sufficient content in
terms of vitamin C, beta carotene and vitamin E should
be prepared.>® During this period, oral care should be
performed very well, and hard and dry foods, acidic drinks
and salty foods should be avoided.

One of the frequently asked questions is the use of
antioxidants during RT. Although antioxidant use reduces
RT toxicity in patients with head and neck cancer, it may
increase overall recurrence and mortality, especially in
those who smoke during RT. In studies on the antioxidant
use, conflicting effects on treatment toxicity have been
revealed.>® In the ESPEN oncology guideline, it is stated
that vitamin and mineral intake should be provided
according to recommended dietary allowance and that
high-dose micronutrient use should not be recommended
unless there are significant deficiencies.”

A working group including the members of the ltalian
Association of Medical Oncology (AIOM), the Italian
Society for Clinical Nutrition and Metabolism (SINPE)
and the Federation of Voluntary-Based Cancer
Organizations (FAVO) published a consensus document
in the joint project called “Integration of Nutritional
Therapy in Oncology” (INTO)% in which appropriate
nutritional support for patients with cancer was given in
detail.*® According to this document, the main practical
recommendations can be summarized as follows:
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a. Nutritional screening should be performed at
diagnosis and at regular intervals in patients at risk
of malnutrition by using validated tools.

b. Patients at risk of malnutrition should be referred
to an oncology dietitian to make a comprehensive
nutritional assessment.

c. Nutritional support should include ONS and/or EN,
total or supplemental PN, depending on spontaneous
food intake, tolerance to and efficacy of food intake,
and especially dietary counselling.

d.Alternative hypocaloric anticancer diets (e.g.
macrobiotic, ketogenic or vegan diets) are not
recommended.

e. Nutritional support can be integrated into palliative
care programs based on individual assessments,
quality of life impacts, life expectancy and patient
awareness.

f. Home artificial feeding should be prescribed and
regularly monitored using protocols defined by
oncologists and oncology dietitians.

Enteral and Parenteral Nutrition in Oncology

If the patient is able to eat and has a functional
gastrointestinal system, nutritional counseling with or
without ONS should be the intervention of choice to
address changing nutritional demands due to treatment
or disease. If oral feeding is inadequate, artificial feeding
should be considered. Criteria for increased nutritional
measures include the following:

1. if there is inadequate nutritional intake for more than
10 days due to surgery, CT or RT and if it is expected
to be less than 50% of requirements

2. if nutrient intake is less than 50% of requirements for
more than 1-2 weeks

3.if it is thought that malnourished patients will not
be able to take in and/or absorb sufficient amounts
of nutrients for a long period of time due to
antineoplastic treatments

4.if the tumor mass itself obstructs oral intake and
nutrient progression through the upper Gl tract,
artificial feeding should be considered

The decision whether EN or PN is performed should
be made by considering the location and extent of the
tumor, complications, treatment plan and purpose,
prognosis, general physical condition of the patients,
and duration of nutritional support.*>5® EN should be

preferred in artificial nutrition to preserve the function
and integrity of intestines and to reduce bacterial
translocation and infectious complications. A standard
polymeric nutritional formula may be preferred. EN is
recommended during CT/RT in malnourished or at-risk
patients, if malnutrition or inadequate nutritional intake is
present orexpected. Routine systematic artificial nutrition
is not recommended during RT. PEG or nasogastric tube
is recommended in case radiation-induced mucositis
is severe or the tumors of the head, neck, or thorax are
obstructive.?” EN is contraindicated in cases of intestinal
obstruction or ileus, severe shock, intestinal ischemia,
high-output fistula, severe intestinal bleeding, intestinal
failure due to radiation enteritis, short bowel syndrome,
peritoneal carcinomatosis, and chylothorax.®

Inthese cases, orwhen ENisinadequate, acombination of
EN and PN, or PN alone should be considered.** Whatever
the nutritional intervention chosen is, monitoring of the
patient’'s compliance is essential.

Micronutrients, macronutrients and muscle
preservation

Understanding the nutritional needs of patients and
creating targeted plans to prevent or increase low
muscle mass in cancer is of great importance. Although
evidence varies by the type of the method, in studies
on cancer, generally, the following is recommended:
energy requirements (25-30 kcal/kg/day), protein (1.0-
1.5 g/kg/day), branched-chain amino acids (leucine: 2-4
g/day), glutamine (0.3 g/kg/day), carnitine (4-6 g/day),
creatine (5 g/day), fish oil/eicosapentaenoic acid (EPA)
(2.0-2.2 g/day eicosapentaenoic acid and 1.5 g/day
docosahexaenoic acid), vitamins/minerals (e.g., vitamin D:
600-800 IU/day), and multimodal approaches (nutrition,
exercise, pharmaceuticals) aimed at preventing muscle
loss. The overall goal is to minimize muscle loss during
cancer treatment and to maximize muscle anabolism
during recovery. This approach is anticipated to help
improve overall health and prognosis by improving
treatment tolerance and survival.%®

Although many patients with cancer are advised to take
>1 g/kg/day of protein, this may not be possible all the
time. Limited protein intake primarily results from diet-
related symptoms that affect dietary intake.! In recent
guidelines, a higher range of protein intake (1.2-1.5 g/kg/
day) is recommended due to the positive effects of higher
protein intake on balancing protein and preserving muscle
mass. In individuals with sarcopenia and insulin resistance,
it is recommended that more energy should be obtained
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not from carbohydrates but from fat to reduce glycemic
load.”® The recommended daily carbohydrate intake is <5
g/kg. Physical activity reduces muscle loss by improving
insulin sensitivity, suppressing inflammatory mediators,
and promoting protein synthesis.! Eicosapentaenoic acid
(EPA) has been identified as a promising nutrient due
to its clinical benefits. Several mechanisms have been
proposed to explain the potential benefits of EPA on
body composition. Some of them are as follows: inhibition
of catabolic stimuli by modulating the production of
proinflammatory cytokines, increase in insulin sensitivity
which induces protein synthesis, and positive effects on
appetite. In several interventional studies, it has been
demonstrated that EPA may prevent deterioration of
nutritional status and help improve calorie and protein
intake. In some other studies, it is stated that n-3 fatty
acids may inhibit the proliferation of cancer cells, prevent
muscle loss, and reduce CT toxicity."®°

It has been reported that vitamin D deficiency may be
related to cancer, and that there is a relationship between
low vitamin D levels and muscle loss. Vitamin D may
be necessary to optimize the effectiveness of protein
supplements. If patients with cancer have vitamin D
deficiency, it should be replaced. Then, 600-800 IU of
vitamin D supplementation for maintenance purposes is
thought to be beneficial in preventing muscle loss. This
approach can contribute to the treatment process by
supporting patients’ general health.

Toward a proactive nutrition care model in
oncology

In conclusion, due to the high risk of malnutrition in
patients with cancer who undergo treatment, nutritional
status should be assessed and monitored at regular
intervalsand nutritionalinterventions should be performed
when necessary. Oral nutrition and diet education are
the basis of nutritional therapy. Depending on the type
and location of the disease, individual needs and the
level of malnutrition, nutritional and diet counseling
should be provided by an oncology dietitian and should
be continuously monitored by a multidisciplinary team.
In cases of indication, Oral Nutrition Support (ONS),
Enteral Nutrition (EN) or Parenteral Nutrition (PN)
treatments should be an integral part of the treatment
process. The risk of malnutrition should not be ignored in
all cancer patients, nutritional therapy should be carried
out with proactive interventions on an individual basis,
and treatment results should be closely monitored.
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ABSTRACT

Background: Parenteral Nutrition (PN) is a life-sustaining therapy for patients with intestinal failure (IF), especially those
with severe bowel dysmotility. Home Parenteral Nutrition (HPN) can reduce hospital stays and improve quality of life. While
adult-designed commercial multichamber parenteral nutrition bags (AMCB-PN) are widely used in adults, their application in
pediatric patients remains underexplored.

Case Presentation: We report a male patient born in 2008 with bowel dysmotility and malabsorption, requiring long-term
PN since infancy. After initial stabilization with a 2-in-1 PN regimen, he was discharged with HPN at one year of age. Despite
attempts to wean off PN, he continued to require partial PN support. In 2019, the patient transitioned from a 2-in-1 PN system
to a standardized AMCB-PN regimen. This change significantly reduced caregiver burden by eliminating frequent lipid syringe
changes and minimizing infusion pump requirements. Over five years of AMCB-PN use, the patient maintained stable weight
gain, demonstrated good tolerance to oral intake, and remained free of major complications.

Discussion: This case demonstrates the feasibility and safety of using AMCB-PN in a pediatric patient with chronic intestinal
failure. Benefits included improved sleep quality, reduced infection risk, simplified administration, and cost savings of
approximately 52% annually. Despite the patient being physically smaller than age norms, he remained active with improved
quality of life.

Conclusion: Standardized AMCB-PN can be a safe, cost-effective, and patient-friendly alternative to in-house compounded
PN in selected pediatric patients, offering significant clinical and operational advantages in home-based care.

Keywords: parenteral nutrition, home parenteral nutrition, multichamber bag, pediatric intestinal failure, AMCB-PN, case report

Introduction bloodstream, bypassing the digestive system entirely.

It is essential for the management of patients with
Parenteral Nutrition (PN) is an intravenous administration intestinal failure (IF). Severe protracted intestinal failure
method that delivers essential macronutrients, can result from short bowel syndrome, congenital

electrolytes, and micronutrients directly into the diseases, and severe intestinal motility disorders. In these
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chronic scenarios, long-term parenteral nutrition is often
necessary to sustain life.2 For those requiring prolonged
PN support, Home Parenteral Nutrition (HPN) offers the
potential to reduce hospital stays and improve the quality
of life for both patients and caregivers.'

The latest ESPGHAN recommendations endorse the use
of standard licensed multichambered bag for patients
of the same age group with similar conditions. This
approach aims to enhance safety, improve stability,
reduce time pressure, ensure better quality control,
and optimize resources for better cost-effectiveness
while maintaining the quality of care.’ Individualized
PN formulations should only be considered when daily
prescription changes are necessary according to the
patient’s past medical condition and the latest laboratory
tests, or when standardized formulas are unable to meet
the requirements.® With advancements in technology, the
use of multichambered or all-in-one (AlO) standardised
PN solution bags has proven to be both feasible and safe
for use.*® While limited research is available on the use of
adult-designed commercial multichambered parenteral
nutrition bags (AMCB-PN) in paediatric patients between
2 to 18 years of age, this case underscores the potential
for safe and effective application of a standard AMCB-
PN within the paediatric population.

Main Points

- Long-term home parenteral nutrition (HPN)
was successfully managed in a pediatric patient
with bowel dysmotility using initially a 2-in-1 PN
formulation, transitioning later to adult-designed
commercial multichamber PN bags (AMCB-PN).

+ Switching from 2-in-1 PN to AMCB-PN improved
safety and convenience by reducing the frequency
of lipid syringe changes, lowering infection risk, and
simplifying infusion with a single pump.

+ The use of adult-designed multichamber PN bags in
pediatric patients, although traditionally considered
nutritionally inadequate, was demonstrated to be
feasible, safe, and effective in this selected case.

+ The transition to AMCB-PN resulted in significant
cost savings (approximately 52% reduction in annual
costs) by decreasing consumable use and pump
maintenance expenses.

- Multidisciplinary Nutrition Therapy Teams (NTTs)
played a critical role in optimizing PN regimens,
monitoring patient progress, and ensuring safe home
administration over many years.
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Case Presentation

A male patient was born on September 2008 at Hospital
Tunku Jaafar with body weight 3.6kg. At 4 months of age,
the child was referred from Klinik Kesihatan Beranang
to Hospital Kajang due to persistent vomiting and
inadequate weight gain, with the child’'s weight remaining
stagnant at 4 kg. Subsequently, he was transferred from
Hospital Kajang to Hospital Tunku Azizah, previously
known as Institut Pediatrik Hospital Kuala Lumpur, for
further evaluation of abdominal distension, vomiting,
diarrhoea, and continued poor weight gain. On January
2009, inborn errors of metabolism (IEM) screening were
conducted and the result come back as normal, however,
a subsequent rectal biopsy was performed, and the
finding was ganglionic.

A laparotomy, ileostomy and small bowel biopsy were
performed in January 2009. During the operation, the
finding was dilated small intestines with edematous
appearance and lacteal appearance on the outer
surface. His small intestines length is 92cm with
no evidence of malrotation or adhesion while large
intestines and appendix were found normal. Result of
the histopathological examination (HPE) then revealed
ganglionic small intestine, ileum and no intramucosal or
submucosal dilated lymphatic.

The patient was diagnosed with malabsorption
secondary to bowel dysmotility. Parenteral nutrition
using a 2-in-1 formulation was initiated in January 2009
via a peripherally inserted central catheter (PICC).
Throughout his hospitalization, he was closely monitored
for nutritional intake, fluid and electrolyte balance, and
catheter care, in accordance with clinical protocols.

In March 2009 the patient underwent bishop-koop
procedure and insertion of central venous lines (CVL).
Intraoperatively, a prolapsed proximal ileum was seen.
HPE result shown morphological appearance on both
proximal ileostomy end and distal ileostomy end with no
significant inflammation on the appendix.

In September 2009, the HKL team has come to an
agreement that the nutritional requirements and the
PN regimen had been stabilized and optimized. He was
discharged from HKL at the age of 1 years old with home
parenteral nutrition (HPN) at the frequency of 3 times per
week with duration of 18-hour infusion. Prior to discharge,
the patient's mother underwent 3 week in-ward training
and demonstrated competence in HPN management,
including line care and the preparation of enteral and
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parenteral nutrition using strict aseptic technique. His
family also has made all the necessary adjustment and
renovation of their house in Beranang, Selangor ensuring
they have a dedicated room that meets safety standards
and is suitable for PN administration, in accordance with
the guidelines.

A bowel motility study conducted at the age of 4
demonstrated normal findings. The team then decided to
reduce PN and increase oral feeding and subsequently
able to off PN in September 2012. However, after 2
weeks his weight shows reducing in trend with his current
weight is 11.6kg. He was then started back on same PN
regimen with frequency of 3 times per week.

With advancing age, the patient's PN regimen was
adjusted annually to ensure adequate nutrient delivery
based on age and weight specific requirements. Summary
of patient’s PN regimen was tabulated in Table 1. As of
2024, at 16 years of age, the patient’s estimated energy
requirement was approximately 30-55kcal/kg/day.®
Discussions have been made by healthcare professional
regarding his parenteral nutrition treatment including the
use of standard AMCB-PN. Even though changing from
2-in-1 PN to AMCB-PN is safe and feasible, 2-in-1 PN still
the most preferred PN among healthcare professional as
well as patient caretaker.

In December 2019, following a series of discussions, the
family agreed to the transition from 2-in-1 formulation
to AMCB-PN regimen. Patient’'s clinical progress are
summarized in Table 2. Initially, when home parenteral
nutrition began in 2009, the infusion duration was set at
18 hours. As the patient began attending school at the
age of six, the infusion duration was gradually reduced
to 12 hours, which normally started around 6.00 pm and
finish at 6.00am.

Discussion

Parenteral nutrition (PN) is a vital, life-saving therapy,
particularly for patients with type Il and type Il intestinal
failure (IF) who require long-term dependency. Despite its
benefits, PN is associated with high costs and significant
risks, such as line infections, electrolyte imbalances,
liver dysfunction, and cardiac failure.” To address these
challenges and reduce misuse, expert organizations
like the British Association for Parenteral and Enteral
Nutrition (BAPEN) and NICE strongly recommend that
PN patients be managed by multidisciplinary Nutrition
Therapy Teams (NTTs).2 These teams have been shown
to improve patient outcomes and achieve cost savings.>™©

At our institution, we are proud to have established
NTTs composed of doctors and dietitians from Hospital
Tunku Azizah (HTA) and pharmacists from Hospital
Kuala Lumpur (HKL). Pharmacists oversee the drafting,
preparation, and monitoring of PN, while dietitians focus
on managing enteral nutrition. Additionally, our NTTs
regularly review all active in-ward and home PN patients
through a minimum of three-monthly meetings, ensuring
thorough oversight and tailored care. This collaborative
approach minimizes risks, enhances patient outcomes,
and upholds the highest standards of efficiency and
quality care.

At our facility, production is conducted within a horizontal
laminar flow cabinet housed in a controlled Grade B
environment compliant with GMP (Good Manufacturing
Practice) standards. Our in-house 2-in-1 parenteral
nutrition (PN) system combines amino acids, dextrose,
and electrolytes into a single infusion bag, while lipids
are administered separately via a Y-site connector using
50 ml syringes. This method requires two infusion pumps
and extensive line manipulation, increasing the risk of
infection and infusion errors.™

In contrast, the 3-in-1 PN system combines all
components—amino acids, dextrose, electrolytes, and
lipids—into a single-chamber intravenous solution bag.
Manual preparation involves extracting specific volumes
from bulk bottles and mixing them in the Intravenous bag,
making it prone to compounding errors and formulation
instability due to complex chemical interactions within a
single container. Although it simplifies PN administration,
the 3-in-1 system poses risks related to decreased
stability of the final formulation.®

Our facility lacks the equipment needed to test and
maintain the specifications outlined in USP, limiting our
ability to ensure long-term product stability and patient
safety.® To address this, our team uses proprietary
stability-checking software from a reputable provider to
identify potential incompatibilities. We limit the beyond-
use date of in-house compounded PN to two days and
transition to AMCB-PN whenever appropriate.

Adult-designed commercial multichambered parenteral
nutrition bags (AMCB-PN) is preferred for home PN
(HPN) due to its established stability, allowing convenient
weekly outpatient dispensing. In our setting, all additives
are incorporated under controlled conditions prior to
patient use, ensuring consistency and safety. In contrast,
in-house compounded PN remains viable for only a few
days, requiring more frequent pharmacy visits for HPN
patients.
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Table 1. Summary of parenteral nutrition regimen delivered from 2011 until 2024

PN Contents Jan 2011 Mac 2012 Jan 2013 Mac 2014  Apr 2015 Feb 2016 Mac 2017
Macronutrient

Amino acids (g/kg/day) 3.50 3.50 3.50 3.50 3.50 3.00 3.00
Glucose (g/kg/day) 13.02 11.96 9.03 8.03 8.03 8.57 8.57
Fat (g/kg/day) 3.00 3.00 3.00 3.00 3.00 2.65 2.65
Electrolytes

Sodium (mmol/kg/day) 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Potassium (mmol/kg/day) 3.00 3.00 3.00 3.00 3.00 2.50 2.50
Calcium (mmol/kg/day) 0.20 0.20 0.20 0.20 0.20 0.18 0.18
Magnesium (mmol/kg/day) 0.09 0.03 0.03 0.03 0.03 0.03 0.03
Phosphate (mmol/kg/day) 0.10 0.09 0.09 0.09 0.09 0.08 0.08

Micronutrient

Water soluble vitamins (ml/day)

Fat soluble vitamins (ml/day) %50 0 10 10 0 0 0
Trace elements (ml/day) 9.50 10 10 10 10 10 10
Total Volume (ml/kg/day) 100 93 88 80 80 71 71
Total Calorie (kcal/kg/day) 926 91 80 76 76 73 73
Duration of PN infusion (hour) 18 16 12 12 12 12 12
Type of PN bag 2-in-1

PN Contents Mac 2018 Dec2019 Jan2020 Apr2021 Aug?2022 Nov2023 Mac?2024
Macronutrient

Amino acids (g/kg/day) 3.00 2.50 3.00 375 3.36 3.19 3.10
Glucose (g/kg/day) 8.58 6.25 7.56 9.35 8.39 7.96 7.70
Fat (g/kg/day) 2.65 2.50 227 2.80 2.50 240 2.30
Electrolytes

Sodium (mmol/kg/day) 3.00 2.00 2.43 3.00 2.70 2.50 2.48
Potassium (mmol/kg/day) 2.50 1.50 1.80 2.60 2.00 1.90 1.86
Calcium (mmol/kg/day) 0.18 0.12 0.16 0.19 0.17 0.16 0.16
Magnesium (mmol/kg/day) 0.03 0.25 0.31 0.38 0.33 0.32 0.31
Phosphate (mmol/kg/day) 0.08 0.60 0.77 0.95 0.85 0.81 0.76
Micronutrient

Water soluble vitamins (ml/day)

Fat soluble vitamins (ml/day) 10 10 10 10 10 10 10
Trace elements (ml/day) 10 10 10 10 10 10 10
Total Volume (ml/kg/day) 71 50 60 75 67 63 61
Total Calorie (kcal/kg/day) 73 55 65 80 71 68 66
Duration of PN infusion (hour) 12 12 10 12 12 12 12
Type of PN bag 2-in-1 Adult-Designed Commercial Multichamber Parenteral Nutrition
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Table 2. Summary of patient clinical progress.

Date Event
Sept 2008 Born at Hospital Tunku Jaafar, birth weight 3.6 kg.
Jan 2009 Referred to Hospital Kajang due to vomiting, poor weight gain (4 kg),
Transferred to Hospital Tunku Azizah (HKL) for further evaluation.
Jan 2009 IEM screening — Normal
Rectal biopsy — Ganglionic
Laparotomy, ileostomy, small bowel biopsy performed
Started on 2-in-1 PN via PICC
Mar 2009 Bishop-Koop procedure and CVL insertion
HPE: No significant inflammation
Sept 2009 Discharged with Home PN (3 times per week regimen)
Sept 2012 Trial of stopping PN, increased oral feeding. Not successful. Continue same PN regime
Dec 2019 \ 4

The patient’s treatment progress has been consistently
monitored by healthcare professionals in collaboration
with the family over the years. Currently, the patient’s
body weight is recorded at range of 25.2 kg to 25.5 kg,
which is below the expected weight for his age according
to the Malaysian standard growth chart for boys aged 2
to 20 years."* However, despite this, he is demonstrating
positive weight gain with the use of an AMCB-PN, as
indicated by data collected from 2019 to 2024 as shown
in Figure 1. Although he is physically smaller than other
children of the same age, he remains active and has not
experienced any other medical issues.

This patient is receiving 45% to 85%, as per tabulated
in Table 3, of their calorie intake through parenteral
nutrition, while also benefiting from oral nutrition. He
can tolerate oral intake effectively, primarily consisting
of three main meals daily. This combined strategy
successfully promotes his growth even in the presence
of bowel dysmotility, ultimately contributing to an
improved survival rate.”

As the lipid volume increase, there were more syringes
to be infuse. Switching to an AMCB-PN significantly
eliminated the need for frequent overnight syringe
changes, reducing it from 5 to 6 times per night to none.
This improvement greatly enhancing sleep quality for
both patients and caregivers.

Transitioned from 2-in-1 PN to adult-designed commercial multichamber parenteral nutrition bags
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Figure 1. Summary of patient body weight for age from
2011 until 2024
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Utilizing an AMCB-PN minimizes interruptions during

" . . : ) ) T X 3R
lipid syringe changes with 2-in-1 preparation, which 2 g 9 g’s o E;\r. @
significantly lowers the risk of infection and ensures a o o2 ‘é o m o 5
more continuous infusion flow. This practice not only < E ‘: a © © g o
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effectiveness in patient care without compromising @ 3 o < 3
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quality and demonstrated stable weight gain, maintaining bS] -f:: > % = 5
an active lifestyle despite underlying growth limitations. 2 2 % 3 3 > 32
Additionally, the approach helped lower equipment g 8 < 9 g 2 3
and consumable use, with estimated cost savings of a £ _‘:3 g 2 é’ *g
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of AMCB-PN in selected cases.
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