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Abstract: Current perioperative nutrition management is discouraging due to the under-recognition of clinical nutrition and the
lagging development of clinical nutriology. This review aimed to identify and explore epidemiology, related adverse outcomes,
controversies, and dilemmas of perioperative nutritional risk/malnutrition to call for further development of perioperative nutritional
medicine. Databases including PubMed, Embase, Cochrane Library, Wanfang Database, China National Knowledge Infrastructure,
China Biology Medicine disc, and Chongqing VIP Database were searched for articles published between January 1, 2014 and
August 31, 2024 using the following MeSH terms: (“nutritional risk”[Title/Abstract] OR “malnutrition”[Title/Abstract] OR
“undernutrition”[Title/Abstract]) AND (“surgery”[Title/Abstract] OR “surgical”[Title/Abstract] OR “operative”[Title/Abstract] OR
“operation”[Title/Abstract]). The incidence of nutritional risk was in the 20% range in patients undergoing elective surgery, 54% in
older adults, 44-70% in patients with tumors or major elective surgeries, and 50-55% in children. The incidence of malnutrition
ranged from 11-77% in surgical patients. Nutrition-related perioperative adverse events included mainly infection, wound healing
disorders, reoperation and unplanned readmission, prolonged hospital stay, mortality, perioperative neurocognitive dysfunction, and
venous thrombosis. Current controversies and dilemmas in this field include the low rates of nutrition screening and medical nutrition
therapy, numerous nutrition screening tools and malnutrition diagnostic criteria, no consensus on optimal assessment method, low
level of evidence-based clinical nutrition research and lack of in-depth mechanistic studies, inconsistent timing of nutrition assessment,
lack of reports for community hospitals, small hospitals, and low/middle-income countries or regions, and under-recognition of
micronutrient malnutrition. It is, therefore, necessary for perioperative patients to undergo nutritional screening at the first outpatient
visit before surgery and/or on admission. Perioperative nutritional management needs urgent attention and requires a multidisciplinary

team, including anesthesia, nursing, nutrition, and surgery.

Plain Language Summary:

® Proper nutrition around the time of surgery is a crucial aspect of patient care and contributes to enhanced recovery and lower rates
of complications.

e Nutritional risk/malnutrition remains under-recognized and untreated in perioperative patients worldwide, especially in lower-
income regions.

® We reviewed 10 years of medical literature to assess the causes and challenges to proper nutrition for patients undergoing surgery.
We found that older adults, children, and those with other medical conditions or in poverty were at the most risk.

® The incidence of nutritional risk was in the 20% range in patients undergoing elective surgery, 54% in older adults, 44-70% in
patients with tumors or major elective surgeries, and 50-55% in children. The incidence of malnutrition ranged from 11-77% in
surgical patients.
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We provide targeted suggestions for improving nutrition for those undergoing surgery, including better screening, improved studies

and trials, a team medical approach, better documentation, and addressing vitamin and mineral deficiencies.

Keywords: perioperative nutrition, medical quality and safety, nutritional risk, preoperative risk factors, adverse outcomes

Introduction

Disease-related malnutrition, which refers to malnutrition resulting from disease rather than poverty, is a global public
health issue. This condition is often associated with substantially increased morbidity, disability, short- and long-term
mortality, significantly impaired recovery from illness, and high costs of care.' > Most malnutrition in adult hospitalized
patients is caused by disease-related malnutrition.*> However, prior to the official release of the Global Leadership
Initiative on Malnutrition (GLIM) criteria in 2019, the terms “nutritional risk (ICD-10: R63.801)” and “malnutrition
(ICD-10: E46.x00x003)” were often conflated, and the assessment criteria for both were somewhat confusing.*’
Nutritional risk refers to the risk that existing or potential nutritional and metabolic factors may cause adverse clinical
outcomes such as decreased physiological function, increased complications, and mortality.*”* According to the World
Health Organization (https://www.who.int/health-topics/malnutrition#tab=tab 1.Accessed December 14, 2024), malnu-

trition refers to deficiencies or excesses in nutrient intake, imbalance of essential nutrients, or impaired nutrient
utilization. The double burden of malnutrition consists of both undernutrition and overweight and obesity, as well as diet-
related noncommunicable diseases. However, in the narrow definition and the GLIM criteria, malnutrition is commonly
defined clinically as a state of energy or nutrient deficiency caused by inadequate intake or impaired utilization, with an
emphasis on “undernutrition”, which manifests itself in four broad forms: wasting (low weight for height), stunting (low
height for age), underweight (low weight for age) and micronutrient deficiencies. Therefore, nutritional risk/malnutrition
is referred to as “undernutrition” in this review.

The diagnostic criteria for GLIM follow these three steps™® (Table 1): First, nutritional risk screening (use validated
screening tools to determine if the patient is at nutritional risk). Second, malnutrition assessment based on existing
nutritional risks (This includes phenotypic indicators, including involuntary weight loss, body mass index [BMI], muscle
mass loss, and etiologic indicators, including decreased food intake or absorption, inflammation, or disease burden.
Those who meet at least one phenotypic indicator and one etiologic indicator can be diagnosed with malnutrition). Third,
assess the severity of malnutrition (If the weight loss is >10% within the last 6 months, if the weight loss over 6 months is
>20%, or if the BMI is less than 18.5 kg/m’ with generally poor conditions, it is considered severe malnutrition.
Moderate malnutrition% = total malnutrition% - severe malnutrition%,). According to the GLIM criteria, assessing
nutritional risk is the first step in diagnosing malnutrition. Patients who are malnourished inevitably have nutritional

risks, but those with nutritional risks are not necessarily malnourished. Unfortunately, despite the known relationship

Table | The GLIM Diagnostic Criteria for Malnutrition

Diagnostic Scheme Criteria

Step One: Nutritional risk screening Use validated screening tools

Step Two: Malnutrition assessment® Phenotypic: non-volitional weight loss, low BMI, and reduced muscle mass

Etiologic: reduced food intake or assimilation, and inflammation or disease burden

Step Three: | Malnutrition severity assessment” Moderate Severe
Weight loss (%) 5-10% in 6 months, or 10-20% in = 6 months | >10% in 6 months, or >20% in = 6 months
Low BMI (kg/m?) <20 if < 70 years, <22 if 2 70 years <18.5 if < 70 years, <20 if 2 70 years
Reduced muscle mass® Mild to moderate deficit Severe deficit

Notes: “Requires at least | Phenotypic criterion and | etiologic criterion. bRequires | phenotypic criterion. “There is no consensus on how best to measure and define
reduced muscle mass, especially in the clinical setting, such as appendicular lean mass index (kg/m?), mid-arm muscle, calf circumference, skeletal muscle index at the third
lumbar vertebra, and grip strength may be used.

Abbreviation: BMI, body mass index.
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between nutritional risk/malnutrition and poorer outcomes, clinical nutrition has not received sufficient attention

.1 912
worldwide,’

and clinical nutriology has seriously lagged behind in terms of advances in clinical medicine. In
China, the lack of clarity on the positioning and affiliation of clinical nutrition departments, shortage of clinical
nutritionists, and low professional level of dieticians are common phenomena.”’ It was not until 2022 that the National
Health Commission of China required secondary or higher general and cancer hospitals to establish clinical nutrition
departments to standardize and promote the development of clinical nutrition. This situation raises concerns regarding the
status of clinical nutrition, especially in low- and middle-income countries (LMICs) or impoverished regions, where it is
likely to be even more problematic.'?

In addition to disease-related appetite loss and medication-related side effects, surgery, anesthesia, pain, and
psychosocial factors accelerate poor appetite and poor adherence to medical nutrition therapy in perioperative
patients.”'*!> Therefore, perioperative patients face more severe nutritional problems, and perioperative medical quality
control and safety management should focus on patients with nutritional risk/malnutrition. However, there is a lack of
literature to comprehensively summarize the current epidemiology and development of perioperative nutritional risk/
malnutrition. In addition, the current research on perioperative nutrition comes primarily from developed countries or
regions, university teaching hospitals, or large tertiary hospitals. Concurrently, perioperative obesity (or overnutrition)
has received a great deal of attention in the past few decades. This situation leads to the misconception that perioperative
nutritional risk/malnutrition is not common. However, it is more likely that perioperative nutritional risk/malnutrition is
overlooked, leading to inadequate diagnosis and a lack of comprehensive medical records.®

This literature review aimed to identify and explore the epidemiology, related adverse outcomes, controversies, and
dilemmas of perioperative nutritional risk/malnutrition through studies undertaken over the last 10 years to further the
development of perioperative nutritional medicine.

Materials and Methods

Search Strategy and Data Extraction Method

Databases comprising PubMed, Embase, Cochrane Library, Wanfang Academic Journal Full-text Database, China
National Knowledge Infrastructure, China Biology Medicine disc, and Chongqing VIP Database were searched for
articles published between January 1, 2014 and August 31, 2024 using the following MeSH terms: (“nutritional
risk”’[Title/Abstract] OR “malnutrition”[Title/Abstract] OR “undernutrition”[Title/Abstract]) AND (“surgery’’[Title/
Abstract] OR “surgical”’[Title/Abstract] OR “operative”[Title/Abstract] OR “operation”[Title/Abstract]). The most rele-
vant original studies, systematic reviews, and high-quality reviews were selected, and the original observational studies
were used to explore the epidemiology of nutritional risk and malnutrition. All potentially relevant studies were manually
searched based on the references in the identified studies. We excluded protocols, conference proceedings, comments,
case reports, editorials, and studies that were not published in full text. Two reviewers performed the screening and data
extraction independently. Data were synthesized narratively.

Results
Study Selection

The literature search identified 23,408 studies. After removal of duplicates, 12,950 articles were screened at the title and
abstract stage for eligibility, with 12,848 not meeting the inclusion criteria and subsequently excluded. Of the 102 articles
that proceeded to full-text screening, 16 original observational studies’*'*'>27 from seven countries were eligible for
this review of nutritional risk, with a sample size of 14,148 adults from the 14 included studies’*'*'*2° and 333
children from the two included studies.**?’” For the review of perioperative malnutrition, a total of 25 original
observational studies’*'>!7 192123262843 from over 75 countries were eligible. The sample size comprised 31,111
adults from 19 included studies”*'>'7'212*2%3% and 283756 children from the six included studies.”**** The
selection process is summarized in a PRISMA flow diagram (Figure 1). The main characteristics of the studies are

summarized in Table 2 and Table 3.
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Identification of studies via databases and other sources

Identification

23,408 records identified through
database searching
PubMed (n=3432)
Embase (n=6349)
Cochrane Library (n=1054)
China National Knowledge Infrastructure (n=3427)
Wanfang Academic Journal Full-text Database (n=4397)
Chonggqiong VIP Database (n=27)

China Biology Medicine disc (n=4698)

Manual reference searching (n= 24)

\ 4

Records after d

(n=12,950)

uplicates removed

\ 4

Screening

Records screened
(n=12,950)

A\ 4

A\

12,848 records excluded

Case reports and Protocols (n=1901)
Conference abstract (n=3942)

Other irrelevant articles (n=6930)
Full-texts unavailable (n=75)

(n=102)

Full-text articles assessed for eligibility

\4

(n=102)

Studies included in review

Included

v

—

Original observational studies
included in nutritional risk

(n=16)

Figure | PRISMA Flow diagram of search history and study selection. PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses.

Screening Tools and Diagnostic Criteria

Screening Tools for Nutritional Risk

The most used screening tool was the Nutrition Risk Screen-2002 (NRS-2002; Supplementary Table 1), which is
currently the only nutritional risk screening tool with a strong evidence-based foundation and the goal of improving
clinical outcomes.*>** Additionally, attention to perioperative nutritional risk in children remained inadequate compared
to that in adults (Table 2). The Screening Tool for Risk on Nutritional Status and Growth (STRONGy;4s) Was used as
a nutritional screening tool for children (Table 2).2**” According to the NRS-2002 and STRONGqs, €ven patients with

Y

Original observational studies
included in malnutrition
(n=25)

overweight or obesity who are about to undergo or have undergone surgery may face nutritional risks.
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Table 2 Characteristics of the Included Studies for Nutritional Risk

Study Study Country Sample | Screening Tool Age® (year) Study Surgery Types Data Source Evaluation
Design Size (incidence, %) Time Time
Adult
He 2024'° Retrospective | China 379 NRS-2002 (42.7) 68 (57, 78) 2019-2022 | Elective surgery for hip | Affiliated Hospital of Chengdu | At admission
fracture University
Zhou 2023'7 Prospective China 540 NRS-2002 (41.1) 553 £ 19.6 2020-2021 | Gastrointestinal surgery | Shanghai Sixth People’s NR
Hospital
Zhou 2023'® Prospective China 332 NRS-2002 (44.3) 59.7 £ 125 2020-2022 | Hepatopancreatobiliary | Ningbo Medical Center Lihuili | The first day
tumor surgery Hospital after
174 NRS-2002 (13.2) Hepatopancreatobiliary admission
non-tumor surgery
Wang 2023'? Retrospective | China 140 NRS-2002 (70.0) 700+ 73 2020-2022 | Major Beijing Hospital Within
hepatopancreatobiliary 24 h after
Surgery admission
Zhao 2023% Retrospective | China 136 NRS-2002 (68.4) 62 (38, 81) 2018-2019 | Radical gastrectomy Yantai Affiliated Hospital of NR
Binzhou Medical University
Tan 20227 Prospective China 1115 NRS-2002 (21.2), 62.6 + 10.8 2020 Abdominal surgery for Zhongshan Hospital of Fudan | At admission
PONS (27.1), MNA- digestive cancer University
SF (71.9), MUST
(374)
Skeie 20217 Retrospective | Norway 7582 NRS-2002 (21.2) 64 (50, 74) 2008-2018 | Exclude terminal, Haukeland University Hospital | NR
pregnant and bariatric
surgery
Zhang 20212 Retrospective | China 915 NRS-2002 (53.6) 716 £52 2017-2019 | Elective noncardiac Peking University First NR
surgery Hospital
Yin 2021% Prospective China 360 NRS-2002 (70.3) 64.1 7.7 2014-2019 | Esophagectomy for Daping Hospital of Army Within
esophageal cancer Medical University 24 h of
admission
Thomas 2016'® Retrospective | Germany 1244 NRS-2002 (24.1) 57.3 £15.7 20042008 | Elective surgery Klinikum der Universitat On the day
Miinchen of admission
Geurden 2015'° Prospective Belgium 208 NRS-2002 (51.4) 748 + 6.6 NR Major elective surgery One university hospital and At admission
two community hospitals
Leonard 2023** Retrospective | United 275 MUST (31.3) 65.0 (55.5, 74.0) | 2015-2020 | Major head and neck MedStar Georgetown Preoperative
States surgeries University Hospital and clinic visit
MedStar Washington Hospital
Center
(Continued)
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Table 2 (Continued).

Study

Study Country Sample | Screening Tool Age® (year) Study Surgery Types Data Source Evaluation
Design Size (incidence, %) Time Time
Mays 2019° Prospective United 280 MNA-SF (22.5) 729 £ 59 2018 Elective surgery University of Alabama at NR
States Birmingham Medical Center
Banning 20202 Prospective Netherlands | 468 PG-SGA (24.1) 678 99 2015-2018 | Elective vascular University Medical Center Last
surgery Groningen outpatient
visit before
surgery
Children
Koofy 20212 Prospective Egypt 75 STRONG4s (50.7) 10 (1-60) 2017-2018 | Elective gastrointestinal | Cairo University Specialized At admission
months surgery Pediatric Hospital and at
discharge
Zhao 2015% Prospective China 258 STRONG4s (55.4) I month-15 2014 General surgery Children’s Hospital of At admission
years Zhejiang University School of

Medicine

Notes: “Age is presented as mean with standard deviation or median (interquartile range) or age range.

Abbreviations: MNA-SF, mini nutritional assessment short-form; MUST, malnutrition universal screening tool; NR, not reported; NRS-2002, nutritional risk screening-2002; PG-SGA, patient-generated subjective global assessment;
PONS, perioperative nutrition screen; STRONG, 45, the screening tool for risk on nutritional status and growth.
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Table 3 Characteristics of the Included Studies for Malnutrition

cancer surgery

gGmbH Leipzig

Study Study Country Sample | Diagnostic Criteria Age® (Year) Study Surgery Types Sample Source Evaluation
Design Size (Incidence, %) Time Time
Adult
GlobalSurg and NIHR | Prospective 75 5709 GLIM (Severe 648+ 135 2018-2019 | Elective surgery for 381 hospitals NR
Global Health Unit on countries malnutrition, 33.3) colorectal or gastric
Global Surgery 2023%® cancer
Murnane 2023%° Retrospective | Australia 108 GLIM (77.2) 66.4 £ 9.9 20072018 | Radical esophagogastric | School of Allied Health, | NR
cancer surgery Human Services and
Sport, La Trobe
University
Thomas 2023%* Retrospective | Australia 224 GLIM (28.6), PG-SGA 673 + 144 2014-2016 | Vascular surgery Southern Adelaide Within
(17.0) Local Health Network | 72 h of
admission
Wang 2023'° Prospective | China 140 GLIM (67.1) 700 £ 7.3 2020-2022 | Major Beijing Hospital | to 2 days
hepatopancreatobiliary after
Surgery admission
Wu 20233 Prospective China 396 GLIM (19.9) 56.2 + 183 2020-2021 | Emergency abdominal Shanghai Sixth People’s | Within
surgery Hospital, 24 h of
hospitalization
Zhou 2023'7 Prospective China 540 GLIM (11.9) 553 + 19.6 20202021 | Gastrointestinal Shanghai Sixth People’s | NR
surgery Hospital
Zhou 2023'® Prospective China 332 GLIM (36.8), PG-SGA 59.7 £ 125 2020-2022 | Hepatobiliary- Ningbo Medical Center | The first day
(44.6), PNI (60.2) pancreatic tumor Lihuili Hospital after
surgery admission
174 GLIM (9.8), SGA (10.9), 2020-2022 | Hepatobiliary- Ningbo Medical Center | The first day
and PNI (32.2) pancreatic non-tumor Lihuili Hospital after
surgery admission
Liu 202232 Retrospective | China 861 GLIM (18.8) =8 2015-2021 | Cardiac surgery Shanghai Tenth People’s | At admission
Hospital of Tongji
University
Tan 20227 Prospective China 1115 GLIM (35.9), SGA (33.5) 62.6 + 10.8 2020 Abdominal surgery for | Zhongshan Hospital of | At admission
digestive cancer Fudan University
Wobith 20223 Retrospective | Germany 260 GLIM (68.8) 702 + 10.8 2017-2019 | Major abdominal Klinikum St. Georg Within 30

days before
surgery and
admission

(Continued)
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Table 3 (Continued).

Study Study Country Sample | Diagnostic Criteria Age® (Year) Study Surgery Types Sample Source Evaluation
Design Size (Incidence, %) Time Time
Yin 20212 Prospective China 360 GLIM (33.3), ESPEN 2015 | 64.1 £ 7.7 2014-2019 | Esophagectomy for Daping Hospital of Within
(12.2), and PG-SGA (23.1) esophageal cancer Army Medical 24 h of
University admission
Jin 2024** Retrospective | China 415 BMI or ALB (18.1) NR 2018-2021 | Hepatocellular First Affiliated Hospital | Within 30
carcinoma of Chongging Medical days before
hepatectomy University operation
Meyer 20213° Retrospective | Germany 599 TP<6.0 g/dL (11.4) 77 £ 5 2018-2019 | Elective orthopedic University Hospital NR
surgery Regensburg
Skeie 20217 Retrospective | Norway 7582 ICD-10 (4.3) 64 (50, 74) 2008-2018 | NR Haukeland University At discharge
Hospital
Abahuje 2020%¢ Prospective Rwanda 279 ASPEN (35.5), SGA, 38 (26, 54) 2017 Emergency surgical University of Kigali Within
(27.2) Teaching Hospital 24 h after
admission
Mays 2019° Prospective United 280 MNA-SF (4.3) 729 +59 2018 Elective surgery University of Alabama NR
States at Birmingham Medical
Center
Liu 2024'2 Retrospective | United 11411 GNRI (20.7) 2 65 2015-2021 | Total shoulder ACS NSQIP database NR
States arthroplasty
Unosawa 20197 Retrospective | Japan 287 GNRI (17.8) 685+ 11.4 20162018 | Elective cardiac surgery | Nihon University NR
Itabashi Hospital
Versteeg 2019%® Prospective Netherlands | 39 PG-SGA (92.3) 622 + 10.5 NR Spinal metastases University Medical NR
surgery Center Utrecht
Children
Sekhon 2023%° Retrospective | Canada 69 WAZ (11.6), HAZ (15.9), | 3.5 (2.94.1) 1997-2018 | Fontan surgery Stollery Children’s Within |
BMIZ (5.8) years Hospital month before
surgery, at
discharge
Escher 2021 Retrospective | United 855 WAZ (10.8), HAZ (20.0) | NR 2006—2018 | Cleft Lip and Palate Children’s Minnesota At surgery
States Surgery
Koofy 20217 Prospective Egypt 75 SGNA (18.7) 10 (1-60) 2017-2018 | Elective gastrointestinal | Cairo University At admission
months surgery Specialized Pediatric and at
Hospital discharge
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Roberson 2021*'

Fitria 2019%?

Ladd 2018%

Retrospective

Prospective

Retrospective

United
States

Indonesia

United
States

282056

185

516

Stunting, wasting,
requiring nutritional
support, and/or
hypoalbuminemia (19.4)
WAZ (64.3), HAZ (60.0)

BMIZ (32.4)

Neonate,
infant, child,

adolescent

12.6 + 8.6

months

5-18 years

2016
-2018

20132014

20122015

All pediatric surgery

Congenital heart
defects surgery

Patients with Crohn
disease underwent

bowel surgery

ACS NSQIP-Pediatric

database

Harapan Kita National

Cardiovascular Center

ACS NSQIP-Pediatric

database

At admission

| day prior to
surgery and at
discharge

NR

Notes: “Age is presented as mean with standard deviation or median (interquartile range) or age inclusion criteria or age range.
Abbreviations: ALB, albumin; ACS NSQIP, National Surgical Quality Improvement Program of the American College of Surgeons; ASPEN, American Society for Parenteral and Enteral Nutrition; BMI, body mass index; BMIZ, body mass
index z-score; ESPEN 2015, 2015 consensus statement by the European Society for Clinical Nutrition and Metabolism; GLIM, Global Leadership Initiative on Malnutrition; GNRI, geriatric nutritional risk index; HAZ, height-for-age; ICD-
10, international classification of diseases, tenth revision; MNA-SF, mini nutritional assessment short-form; PG-SGA, patient-generated subjective global assessment; PNI, prognostic nutritional index; SGNA, subjective global nutritional
assessment; TP, total protein; WAZ, weight-for-age z-score; WHZ, weight-for-height z-score.
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Other nutritional screening tools for adult perioperative patients included the Mini Nutritional Assessment Short-

21,24
1,7

Form (MNA-SF),**' malnutrition universal screening too patient-generated subjective global assessment (PG-

SGA)* and perioperative nutrition screening (PONS)*! (Table 2).

Malnutrition (Undernutrition)
The most used diagnostic criteria were the GLIM criteria for adults, the “Z-score below —2” for weight-for-age, height-
for-age, and weight-for-height based on the World Health Organization criteria (https.//www.who.int/tools/child-growth-
standards. Accessed September 30, 2024) for children (Table 3).

In addition, albumin (ALB),34 BMI,* geriatric nutritional risk index,’” MNA-SF,® PG-SGA,*® prognostic nutritional
index (PNI),'® SGA,*® and serum total protein (TP)** were used to diagnose malnutrition in adult perioperative patients
(Table 3).

Incidence
The incidence of nutritional risk/malnutrition varied across nutritional screening tools, diagnostic criteria for malnutri-
tion, patient characteristics, types of disease and surgery, regions and ethnicities, and healthcare systems.'®

Incidence of Preoperative Nutritional Risk (TABLE 2)

The incidence of nutritional risk, using the NRS-2002, was 21.2%’ to 24.1%'> in patients undergoing elective surgery,
53.6% in older adults, and 44.3%'® to 70.3%>’ in patients with tumors or major elective surgeries. The incidence of
nutritional risk in children, according to STRINGOy;qs, ranged from 50.7%° to 55.4%.%’

Incidence of Preoperative Malnutrition (TABLE 3)

When employing the GLIM criteria, the incidence of malnutrition in surgical patients was 33.3%® to 77.2%"’ in patients
with cancer, 18.8%>% to 28.6%"° in patients with cardiovascular disease, 67.1%'® in patients with major hepatobiliary
disease, 11.9%'” in patients with gastrointestinal disease, and 19.9%>' in patients undergoing emergency abdominal
surgery. The incidence of malnutrition in all pediatric perioperative patients was 19.4%.*' The prevalence of malnutrition
was 32.4%* in children aged 5-18 years with Crohn’s disease who underwent intestinal surgery, 10.8%" to 20.0%"" in
children who underwent cleft lip and palate surgery, 5.8%"° to 15.9%"’ in children under 18 years who underwent Fontan
surgery, and 60.0%"** to 64.3%* in children younger than 36 months who underwent surgery for congenital heart defects,
using the weight-for-age Z-score, height-for-age Z-score, or weight-for-height Z-score criteria. These data are even more
alarming when considering that 50% of patients experience a further significant decrease in body weight during their
hospital stay.'”

Pathogenesis

Several causes lead to nutritional risk/malnutrition in perioperative patients, including the underlying pathologic
processes of disease, inflammation and stress reaction during surgery, and decreased intake due to perioperative fasting
and delayed recovery of bowel function.’® The major pathogenic mechanisms are as follows.***>

Insufficient Intake

Insufficient intake can be due to illness, surgery, pain, fasting, and postoperative nausea and vomiting (PONYV).

Increase in Consumption
Inflammatory reactions, oxidative stress, and pain lead to high energy consumption in the body.

Reduction in Bioavailability
Decreased bioavailability of nutrients can be due to diarrhea, PONYV, and digestion and absorption disorders.

Metabolic Abnormalities
Metabolic abnormalities are associated with severe diabetes, hyperthyroidism, and liver and kidney failure.

152 https: Risk Management and Healthcare Policy 2025:18
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Risk Factors

The identification of perioperative risk factors is essential not only for the prevention and management of nutritional risk/
malnutrition but also for improving clinical outcomes in perioperative patients. Perioperative nutritional risk/malnutrition
is the result of multiple risk factors and dimensions interacting in the aforementioned pathogenesis. Based on existing
research, the major risk factors are as follows (Figure 2):

Advanced and Young Age
Older people have a higher incidence of nutritional risk/malnutrition than adults, owing to their poor baseline conditions,
multiple comorbidities, and complex and variable conditions.** The British Association for Parental and Enteral Nutrition
conducted nutritional screening of 31,637 hospitalized patients in the UK from 2007 to 2011 and found that the
nutritional risk was associated with advanced age.*®

In addition, malnutrition is a highly prevalent condition in hospitalized pediatric patients and has been shown to be
associated with increased incidence in pediatric surgery.*' Children aged 1-60 months were vulnerable to malnutrition.?®

Among the perioperative children, those aged <5 years had the highest nutritional risk, especially those aged <2 years.*’

Sex

Some reports have shown that among perioperative patients, women are more prone to malnutrition than men, especially
those aged over 65 years.*®*” However, Thomas et al'> found that the male sex was an independent risk factor for
nutritional risk during elective surgery. Other studies have reported no association between sex and nutritional risk/
malnutrition.*®***° Therefore, sex-related differences in nutritional risk/malnutrition may depend on the study
population.

Low education
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Figure 2 Perioperative risk factors for nutritional risk/malnutrition. Created in BioRender. He, M. (2025) https://BioRender.com/s25t382..
Abbreviations: ASA, American Society of Anesthesiologists Physical Status Classification.
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Comorbidities

38,50

Patients with chronic wasting diseases or metabolic abnormalities, such as malignancy, atrophic gastritis,”' chronic

52,53 54,55

renal failure, cirrhosis, chronic obstructive pulmonary disease,”® tuberculosis,”’ and systemic lupus

erythematosus”® have a higher incidence of perioperative nutritional risk/malnutrition.

American Society of Anesthesiologist (ASA) Physical Status Classification

The ASA physical status classification is mainly based on the physical condition and perioperative risk, with postoperative
complications and mortality increasing with higher ASA grades.”” Patients with higher ASA grades have a higher incidence
of nutritional risk/malnutrition'”>® We recommend that the ASA level > 3 be the threshold for this risk factor.>

Major Surgeries (Not Specified [Classified by Doctor])

1’26,60 37,47,61 62 hip,63’64

Patients undergoing gastrointestina malignancy,*®° heart and great vessels, cranial,

65,66

spine,

bariatric, and cleft lip and palate surgeries*” are at high nutritional risk and susceptible to malnutrition.

Psychological Disorders and Insufficient Social Support

Psychological disorders caused by illness, surgical trauma, and concomitant treatment during hospitalization, such as
anxiety, depression, and cognitive impairment, may increase the nutritional risk.*>*’ Patients living in poverty, living
alone, and with insufficient social support are at increased nutritional risk.*’

Other Factors
Winter,*® smoking,*” taking more than three prescription drugs per day,'® and lower educational levels'® were reported to
be associated with increased nutritional risk/malnutrition.

Nutritional Risk/Malnutrition-Related Adverse Perioperative Outcomes

Postoperative complication rates for patients with nutritional and non-nutritional risk undergoing elective surgery were
17% and 7%, respectively.'” The incidence of postoperative adverse events in patients with malnutrition is 2—4 times
higher than that in patients without malnutrition.*> Nutrition-related perioperative adverse events included infection,
wound healing disorders, reoperation and unplanned readmission, prolonged hospital stay, mortality, perioperative
neurocognitive dysfunction (PND), and venous thrombosis (Figure 3).

Infection

Malnutrition contributes to significantly worse postoperative surgical-site infections (SSIs),”**”%® and preoperative
malnutrition occurs in 85% of patients with SSIs.® Patients with preoperative serum ALB <3.3 g/L have been reported
to have a 3-fold increased SSI risk.®” Tan et al*' found that patients with preoperative malnutrition who underwent
abdominal surgery for gastrointestinal cancer showed a 2.2-fold increase in postoperative infection-related complications.
A high incidence of preoperative malnutrition is associated with pulmonary complications after esophagogastric cancer
surgery.”’ In addition, nutritional status is significantly correlated with postoperative infections in children, including
pneumonia, urinary tract infections, and central venous catheter-associated bloodstream infections, especially those
receiving preoperative nutritional support, experiencing developmental delay, or having hypoalbuminemia.*'*}
Wound Healing Disorders

It is widely recognized that malnutrition can lead to impaired wound healing.'**>~%4° In geriatric patients undergoing
elective orthopedic surgery, malnutrition increased the risk of wound healing problems approximately six-fold.>

Reoperation and Readmission

The nutritional status of patients significantly correlated with the rate of reoperation.'*** Meyer et al*> reported that
malnutrition increased the risk of reoperation by 1.6 times in older adult patients undergoing elective orthopedic surgery.
There is also a significant positive correlation between nutritional risk/malnutrition and patient readmission rates within

30 days of discharge.'>'>?!
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Figure 3 Nutritional risk/malnutrition-related adverse perioperative outcomes. Created in BioRender. He, M. (2025) https://BioRender.com/s25t382..
Abbreviations: ICU, intensive care unit; PND, perioperative neurocognitive dysfunction.

Prolonged Hospital Stay

Patients with nutritional risk/malnutrition have higher rates of perioperative complications, which undoubtedly result in
prolonged hospital stays. The lengths of hospital stay for adult patients undergoing elective surgery with and without
nutritional risk were 13 and 7 days, respectively.'> Unosawa et al®’ reported that malnutrition is an independent risk
factor for patients undergoing elective cardiac surgery who have been hospitalized for more than 1 month, with a risk 3.4

times higher than that for patients with normal nutrition. Ladd et al** reported that among children with Crohn’s disease
who underwent bowel resection, the length of hospital stay was 12 days for severely malnourished children and 6 days

for children with normal nutrition.

Mortality

Nutritional risk/malnutrition leads to increased risk of mortality in perioperative patients.'***%>7% Abahuje et al*® found
that malnutrition on admission was an independent risk factor for perioperative death in 279 patients undergoing
emergency surgery at the University of Kigali Teaching Hospital in Rwanda. The mortality rate in patients undergoing
emergency surgery with malnutrition was 27.25-times that of patients with normal nutrition.>® According to Feng et al,**

preoperative malnutrition can lead to a 2.5-fold increase in long-term postoperative mortality.

Perioperative Neurocognitive Dysfunction

Nutrition is involved in neurodegeneration, and malnutrition is associated with an increased risk of neurodegenerative
diseases, especially in women, older individuals, and patients with hypertension.”" Patients with good nutritional status
have better postoperative cognitive function.®* Preoperative nutritional risk/malnutrition are independent risk factors for
PND.”> 7 It has been reported that patients with nutritional risk undergoing coronary artery bypass grafting have a 1.56
to 6.32-fold increased risk of postoperative delirium.’*’* In addition, preoperative enteral-enriched nutrition improves
postoperative cognitive impairment in rats.”> Therefore, some researchers have suggested that nutritional interventions
should be implemented in patients with nutritional risk/malnutrition to reduce the risk of PND.%*
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Venous Thrombosis

Evidence shows that nutritional risk/malnutrition is a high-risk factor for venous thrombosis, especially in patients with

76,77

tumors or fractures’® or those undergoing major surgery.””*° Lijfering et al®' considered that nutritional interventions

may reduce the risk of venous thrombosis but also noted that this is difficult to confirm through prospective clinical trials
due to limitations in clinical ethics, follow-up, and survivor bias. The ability of nutritional interventions to prevent
cerebral microvascular thrombosis® and deep venous thrombosis®> has been demonstrated in rat models.

Other Adverse Outcomes

Nutritional risk/malnutrition increases the risk of unplanned reintubation,'? unplanned intensive care unit admission,>”

failure to wean off a ventilator within 48 hours,'? non-home discharge,'? perioperative blood transfusion,'*'”-*¢

24,40

post-
operative fistula formation, and postoperative long-term bedridden state,’’ resulting in decreased short- and long-

term quality of life after surgery.®*

Discussion

Low Rates of Perioperative Nutrition Screening and Medical Nutrition Therapy
Although perioperative nutritional risk/malnutrition-related adverse effects have been widely recognized and reported,
the importance of nutrition management in clinical medicine is not well understood by clinical medical teams, and
perioperative nutrition screening and medical nutrition therapy rates remain low."'> In some regions of Western Europe
and the United States, only 20% to 38% of perioperative patients undergo nutritional risk screening during the
perioperative period.*’ In 2016, a survey questionnaire from 325 trauma and orthopedic departments in Germany showed
that only 56% of perioperative patients underwent nutritional assessment.'" Another survey of gastrointestinal surgeons
in Europe showed that nutritional risk screening was common prior to surgery (62% in Italy to 96% in Poland) but less
frequently performed postoperatively (19% in Poland to 54% in Germany), using varied screening methods.*> A study
from three Belgian hospitals found that none of the patients undergoing elective major surgery received preoperative
dietary advice, nutritional counseling, or nutrient supplementation.'® Malnutrition in older adults is overlooked and
underdiagnosed in the United States, affecting up to 60% of hospitalized patients aged 65 years and older, with less than
5% documented in medical records.®

Numerous Nutritional Screening Tools and Malnutrition Diagnosis Criteria: No

Consensus on the Optimal Assessment Method
Although the GLIM proposed a consensus-based framework to standardize the diagnosis of malnutrition worldwide, it
has not been widely disseminated and effectively applied.?'*>*> The evidence obtained using the GLIM criteria is

still insufficient based on the guidelines outlined by Keller et al,*® and other tools for nutrition assessment are still
being developed and used.*®®” The confusion between nutritional risk and malnutrition is common in clinical

practice. '’

Various Nutritional Risk Screening Tools and Diagnostic Criteria for Malnutrition

Wide variation exists in approaches to screen malnutrition risk or identify malnutrition in surgical patients, using a range
of tools and nutrition markers.*® European countries recommend the NRS-2002 as the preferred tool for nutritional risk
assessment of hospitalized patients.*” ' The PONS is recommended by the American Society for Enhanced Recovery
for perioperative nutritional screening.”? According to a survey questionnaire from Germany,'' the most commonly used
nutritional risk screening tool is BMI (74%), followed by the MNA (30%), laboratory indicators (ALB and TP, 29%), and
NRS-2002 (19%).

Anthropometry Has Not Been Widely Used in Clinical Practice

Except for the widespread use of BMI, other anthropometric measures such as abdominal circumference, arm circum-
ference, and triceps skinfold thickness are rarely used in clinical practice. However, severe protein-calorie malnutrition
requires evidence of changes in body composition and cannot be extrapolated solely from anthropomorphic measures.*'
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Laboratory Indicators for Nutritional Assessment are Controversial

Due to the simplicity and ease of obtaining laboratory indicators for perioperative patients, ALB,”* TP,** prealbumin,”
hemoglobin,”**> and PNI”*°7 have been used clinically to aid in the assessment of patient nutritional status. Historically,
malnutrition has been identified in perioperative patients using laboratory values such as ALB.**** In emergency general
surgery, the most commonly used primary or secondary marker of nutritional status to define malnutrition was BMI,
followed by ALB level.*® Most of these studies defined malnutrition as ALB <3.5 g/dL34’35 and focused on the impact of
hypoproteinemia on perioperative prognosis,®’ such as increased incidence of SSIs, pneumonia, urinary tract infections,
and sepsis. However, the assessment of nutritional status using laboratory indicators is limited and controversial because
of factors such as stress response, inflammation, infusion, and acute and chronic blood loss during the perioperative

period.

Lack of Full Consideration of Perioperative Nutrition Risk/Malnutrition Symptoms
Symptoms such as nausea, taste changes, fatigue, pain, and decreased activity are not fully considered in perioperative
nutritional risk screening.

An ideal method should accurately assess the nutritional status of the body and predict nutrition-related complica-
tions. High sensitivity, good specificity, and simplicity are the main requirements for the development of nutritional
assessment methods for clinical practice. Multiple nutritional screening or assessment methods may be used simulta-
neously for the comprehensive assessment of nutritional risk/malnutrition.

Low Evidence-Based Clinical Nutrition Research and Lack of in-Depth Mechanistic
Studies

Due to clinical ethical issues, multiple clinical confounders, follow-up limitations, and survivor bias, current research in
clinical nutrition is mainly focused on observational studies (many of them retrospective) and surveys, making it difficult to
verify the impact of nutritional interventions on patient outcomes through randomized controlled trials.*'*”® Considering the
basic condition of the patient, the severity of the disease, the comprehensive medical level, and the important role of surgery
and anesthesia, it is difficult to explain the role of nutritional intervention in the overall prognosis of the disease. A recent
landmark trial®® used perioperative amino acids infusion to reduce the occurrence of acute kidney injury in cardiac surgery.
Explaining the mechanisms by which amino acids influence renal function will provide a deeper understanding of the
physiological basis for nutritional interventions.

However, the lagging development of clinical nutrition and the shortage of clinical nutritionists have limited the development
of basic clinical nutrition research and in-depth mechanism exploration, making it difficult to elucidate the relationship between
nutritional risk/malnutrition and adverse outcomes at the pathophysiological, genetic, or molecular levels.

Inconsistent Timing of Nutritional Assessment

The preoperative period may represent an attractive window for nutritional assessment and the initiation of therapy to optimize
the patient’s nutritional status and physical function prior to surgery. Numerous studies have shown that preoperative nutritional
status is most strongly associated with perioperative adverse outcomes.'® The first outpatient visit before surgery'” is the ideal
time point for preoperative nutritional screening because it can better predict perioperative risks while avoiding additional
medical interventions and the impact of disease progression on nutritional assessment. In this setting, an additional preoperative
hospital stay for nutritional support could be ruled out, whereas the positive effects on the postoperative course could be

18,19

achieved.'® In addition, the first day after admission, as recommended by the ESPEN and Chinese Society for Parenteral and

Enteral Nutrition guidelines, is also an ideal time to perform preoperative nutritional screening.

Multidisciplinary Collaboration is Required for Perioperative Nutrition Management

Since clinical nutritionists are not directly involved in the process of diagnosing and treating disease, there is currently
a disconnect between the aim of nutritionists and the needs of hospitalized patients. Nutritionists cannot obtain the
patient’s nutritional diagnosis and treatment needs in a timely manner, and the patients lack subjective initiative in
clinical nutrition treatment. Furthermore, surgeons, anesthesiologists, and nurses play a crucial role in diagnosing and
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managing conditions in the perioperative period. Regrettably, the intricacies of malnutrition’s evaluation and manage-
ment are not widely comprehended by these professionals.'®! In addition, pain, PONV, and fasting are important causes
of increased nutritional risk and poor adherence to nutritional interventions in perioperative patients. Therefore,
perioperative nutrition therapy requires a multidisciplinary team,® including anesthesia, nursing, nutrition, and surgeons.
Considering the impact of nutrition on the long-term prognosis of patients,*® long-term nutritional follow-up and the
involvement of rehabilitation therapists are also required after discharge. More importantly, given the prevalence of
perioperative nutritional risk/malnutrition worldwide, a foundation in understanding nutritional issues is essential for
anesthesiologists, surgeons, and nurses. This is a topic that is typically bypassed in medical education programs.

Lack of Reports for Community Hospitals, Small Hospitals, LMICs, or Poor Regions
Current research on perioperative nutrition mostly comes from developed countries or regions, university teaching
hospitals, or large tertiary hospitals. However, perioperative nutritional risk/malnutrition may be more severe in
community hospitals, small hospitals, LMICs, or poor regions, leading to alarming perioperative adverse outcomes.
An international multicenter study from the GlobalSurg Collaborative and NIHR Global Health Unit on Global Surgery
showed that the burden of severe malnutrition following elective surgery for colorectal or gastric cancer is disproportio-
nately high in LMICs (62.5%) and upper-middle-income countries (44.4%).%® It is essential to reduce knowledge gaps
regarding malnutrition and perioperative mortality in high-income countries and LMICs."?

Under-Recognition of Micronutrient Malnutrition

Current studies have focused primarily on the impact of protein-energy malnutrition on adverse perioperative patient
outcomes. However, little is known about the impact of micronutrient malnutrition, such as vitamins and minerals.>
Epidemiological studies have shown that the incidences of vitamin D, vitamin B12, and folate deficiencies are high, especially
in the older adult population. Recent studies have shown that bariatric surgery leads to micronutrient deficiencies.'®* Patients
undergoing elective orthopedic surgery with severe vitamin D deficiency (<12 ng/mL) exhibit a higher rate of postoperative
falls.>® Therefore, it is necessary to pay attention to perioperative micronutrient malnutrition.*>

Conclusion

According to the National Surgical Quality Improvement Program of the American Association of Surgeons, malnutrition
is one of the few modifiable preoperative risk factors associated with poor perioperative outcomes. Given the prevalence
and underestimation of preoperative nutritional risk/malnutrition and its associated adverse outcomes, perioperative
patients should undergo nutritional screening at the first outpatient visit before surgery and/or on admission. Early, timely,
and comprehensive nutritional intervention during the perioperative period is expected to improve medical quality and
safety, enhanced recovery after surgery, and clinical patient outcomes. Most importantly, a multidisciplinary team is needed
to collaborate in the implementation of perioperative nutrition management. Given that the prevention and treatment of
patients with malnutrition risk or malnutrition usually require a period much longer than the anticipated length of stay,
research on the relationship between perioperative nutrition and disease prognosis and its potential mechanisms, targeted
prevention, and the development of nutritional supplements may be new directions for study in this field in the future.
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