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Background: Lung transplantation is an effective treatment for saving the lives of patients with end-stage 
lung disease (ESLD). Lung transplant-related morbidity and mortality has significantly higher than other 
solid organ transplants. Among the pre-transplant variables that affect the survival rate after transplantation, 
nutritional status are associated with poor survival rate. In order to provide basis for formulating nutritional 
evaluations for lung transplant recipients in the future, we retrospectively analyzed the nutritional status of 
lung transplantation recipients and explore its correlation with the short-term prognosis.
Methods: This retrospective cohort study included patients who were hospitalized in 2020 and 
underwent lung transplant surgery at Shanghai Pulmonary Hospital. Inclusion criteria: (I) aged ≥18 
years; (II) have been diagnosed with ESLD; (III) have received no other effective treatments; (IV) have 
undergone a transplantation at Shanghai Pulmonary Hospital. We summarized the patients’ general 
information, including their sex, age, major lung disease etc. And we also collected nutritional status, such 
as Nutritional Risk Screening 2002 (NRS 2002), subjective global assessment (SGA) and nutritional-
related indicators, including albumin, prealbumin, retinol-binding protein etc. before surgery and  
1 month after surgery. In addition, we collected postoperative drainage volume, length of stay in intensive 
care unit (ICU), total hospital days, and hospitalization costs to evaluate the short-term prognosis.
Results: A total of 33 lung transplant recipients were included and successfully underwent surgery. Of the 
patients, 16 had preoperative NRS 2002 scores ≥3 points, of whom 7 were assessed by the SGA as having 
mild-moderate malnutrition and 9 as having severe malnutrition. The albumin indexes of these 16 patients, 
including their prealbumin, and calcium contents, were significantly lower than those of patients with NRS 
scores <3. Patients with preoperative NRS scores ≥3 had higher drainage volumes, longer hospitalization 
times, and higher total hospitalization costs than those with NRS scores <3.
Conclusions: Lung transplant recipients have a higher incidence of nutritional risk and malnutrition, 
which seriously affects their short-term prognosis. Thus, in clinical practice, lung transplant recipients 
should be screened for nutritional risk and provided preoperative nutritional support to maintain a good 
preoperative status to improve their prognosis.
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Introduction

Lung transplantation is an effective treatment for saving 
the lives of patients with end-stage lung disease (ESLD) 
(1,2). Although advances in medical technology, pre- and 
post-operative management have improved overall survival 
of lung-transplanted patients over the past decades. 
Despite these developments, lung transplant-related 
morbidity and mortality has still significantly higher than 
other solid organ transplants such as kidney and liver (3). 
Because of this situation, identifying risk factors associated 
with poor prognosis in lung transplantation may reduce 
the occurrence of transplant-related risks. Patients 
with ESLD have a complete or substantial loss of lung 
function and severe clinical symptoms, such as respiratory 
failure. They mostly present with decreased appetite and 
gastrointestinal dysfunction caused by illness, repeated 
infections, hypoxia, and depression (4). Insufficient energy 
and nutrient intake in patients may lead to malnutrition 
and even cachexia (5,6). Studies have shown that if chronic 
wasting disease patients suffer from malnutrition, their 
complication and mortality rates increase, as do their 
hospitalization costs, and their hospitalization times (7,8). 

Additionally, among the pretransplant variables that 
affect the survival rate after transplantation, nutritional 
status-related biomarkers (e.g., hypoproteinaemia and 
underweight status) are associated with poor recipient 
survival rates (9-11). 

Thus, assessments of the preoperative nutritional status 
of lung transplant recipients can facilitate the detection 
of nutritional risk in a timely manner, and malnourished 
patients can be provided with individualized nutritional 
support to maintain their best preoperative state and 
maximize benefits (12,13). Although a previous study 
on the impact of nutrition on postoperative outcomes 
have explored the risk and potential benefit of reducing 
malnutrition-related disease and mortality by correcting 
malnutrition (14), the relationship between malnutrition 
and outcomes after lung transplantation is unclear, and 
there are few studies in China to investigate the effect 

of preoperative nutritional status on the prognosis of 
transplant patients.

This study sought to evaluate the nutritional status of 
lung transplant recipients and explore its correlation with 
the prognosis of transplantation patients. The goal of this 
work was to provide a scientific basis for future research 
and to develop strategies for evaluating and improving the 
preoperative nutritional status of lung transplant recipients 
to guide the further formulation of nutritional support 
plans. We present the following article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3125/rc).

Methods

This retrospective study was approved by the Ethics 
Committee of Shanghai Pulmonary Hospital (ethical 
approval No. K22-262), and was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). Signed 
informed consent was obtained from all the patients.

Patients

This is a retrospective cohort study and used PASS to 
calculate sample size. A total of 50 lung transplantation 
recipients admitted to Shanghai Pulmonary Hospital from 
January 2020 to December 2020 were selected for this 
retrospective analysis. To be eligible for inclusion in this 
study, patients had to meet the following selection criteria: 
(I) aged ≥18 years; (II) have been diagnosed with ESLD; 
(III) have received no other effective treatments; and (IV) 
have undergone a transplantation at Shanghai Pulmonary 
Hospital. A total of 33 patients (28 male and 5 female), 
with an age range of 40 to 71 years, and an average age of 
63.12±7.79 years, were included in the study. 

Nutritional Risk Screening 2002 (NRS 2002)

At our hospital, the NRS 2002 (15) score of each admitted 
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patients are assessed by professional nutrition nurses within 
24 hours. The purpose of this assessment is to determine 
whether a patient has a nutritional risk or a risk of 
malnutrition to further evaluate and formulate nutritional 
support plans. The NRS 2002 mainly includes 3 items; 
that is, the nutritional status impairment score, the disease 
severity score, and the age score. The first 2 items are given 
a score of 1 to 3 points and have 3 grades; the highest score 
is taken for each item according to the scoring standard. 
For the 3rd item, those aged ≥70 years are given a score 
of 1 point, and those aged <70 years are given a score of 0 
points. The final score is the sum of the 3 items. A NRS 
score ≥3 points indicates nutritional risk.

Subjective Global Assessment (SGA)

For patients with NRS 2002 scores ≥3 points, a dietician 
conducts a further nutritional assessment with the SGA 
tool (16). The SGA comprises 8 items related to dietary 
changes, any recent (i.e., within the last 2 weeks) decline 
in body mass, digestive symptoms (mainly including 
diarrhoea,  nausea,  and vomiting, with a duration  
≥2 weeks), physiological function status, disease, changes 
in nutritional requirements, fluid balance (the presence and 
severity of oedema and ascites), muscle wasting, and the 
degree of lipid consumption. These items are divided into 
3 levels; that is, good nutrition (level A), mild to moderate 
malnutrition (level B), and severe malnutrition (level C). 
Evaluation criteria: among the above 8 items, if ≥5 items 
are classified as grade B after the evaluation, the patient is 
regarded as having mild-moderate malnutrition; if ≥5 items 
are classified as grade C, the patient is regarded as having 
severe malnutrition; otherwise, the patient is deemed to be 
nutritionally acceptable.

Observation indicators

General patient information was collected, including name, 
sex, age, primary disease, body mass index, NRS score, 
SGA nutritional assessment grade, blood biochemistry 
and routine blood indicators at first admission (before 
transplantation) and 1 month after surgery, and drainage  
24 hours after transplantation, length of stay in the ICU, 
total hospitalization days, and hospitalization costs.

Statistical analysis

The statistical analyses were carried out using SPSS 21.0 

(Chicago, USA). For the continuous variables, the normally 
distributed data are expressed as the mean ± standard 
deviation (SD) and were evaluated for normality using the 
Kolmogorov-Smirnov test. The categorical variables are 
presented as frequencies with percentages and were analysed 
by the Chi-square test or Fisher’s exact test as appropriate. 
The Student’s t-test and a 2-way analysis of variance was 
used for the normally distributed variables. A 2-tailed  
P value of <0.05 was considered statistically significant.

Results

Preoperative nutritional status of lung transplant 
recipients

A total of 33 patients (28 male and 5 female), with 
an age range of 40 to 71 years, and an average age of  
63.12±7.79 years, were included in the study. Candidate 
primary diseases included interstitial lung disease (20 
cases), chronic obstructive pulmonary disease (9 cases), 
idiopathic pulmonary fibrosis (2 cases), severe pulmonary 
hypertension (1 case), and silicosis (1 case). Of the 33 
patients, 16 had NRS 2002 scores ≥3 points, and 17 had 
NRS scores <3. There was no significant difference between 
the two groups in terms of baseline data such as sex, age, 
primary disease, operation method, operation time and 
uses of extracorporeal membrane oxygenation (ECMO). 
The two groups were comparable (p>0.05), specific data see  
Table 1. As Figure 1 shows, the rate of nutritional risk in lung 
transplant recipients was 48.5% (16/33); the rate of mild to 
moderate malnutrition according to the SGA assessment 
was 43.8% (7/16), and the rate of severe malnutrition 
according to the NRS was 56.2% (9/16).

Comparison of nutrition-related indicators between the 2 
groups after surgery

The albumin, prealbumin, retinol-binding protein, total 
lymphocyte count, and calcium content of the nutritional 
risk group after surgery were significantly lower than 
those of the normal nutritional group (P<0.05; Table 2). 
Compared to the normal group, the nutritional risk group 
had a significantly higher postoperative 24-hour drainage 
volume, a significantly longer total hospitalization duration, 
and significantly higher medical costs (P<0.05; Table 3). 
In addition, the length of the ICU stay of the nutrition 
risk group was significantly longer than that of the normal 
nutrition group (Table 3).
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Discussion

Most lung transplant recipients have ESLD, and their 
complex conditions may lead to malnutrition (17). 

Malnutrition can increase the risk of respiratory infections, 
affect the immune system, and even worsen the function 
of respiratory muscles (18), which can affect the incidence 

of postoperative complications and mortality (19). 

However, in the scoring standards recognized for recipient 
selection among patients with ESLD worldwide, there is 
a lack of focus on nutritional status (20-22). Due to the 
high incidence of malnutrition among lung transplant 
recipients and the increasing number of ESLD patients 
choosing lung transplantation, the relationship between 
preoperative malnutrition and lung transplant outcomes 
has received increasing attention (23). Thus, patients 
need to undergo a comprehensive nutritional assessment 
before transplantation, as the results of such assessments 
can be used to better guide clinical nutritional support  
treatments (24,25).

We retrospectively analysed 33 patients at our hospital 
who had undergone lung transplantation in 2020 and 
found that the preoperative nutritional risk rate was 48.5%, 
of which SGA assessed mild to moderate malnutrition 
accounted for 43.8% and severe malnutrition accounted 
for 56.2%. We also found that the postoperative albumin, 
prealbumin, total lymphocyte count, and calcium contents 

Table 1 Comparison of general data between the 2 groups of lung transplant recipients

General data Nutritional risk (n=16) Normal nutrition (n=17) t/χ2 P

Sex (n) 0.31 0.58

Male 13 15

Female 3 2

Age (years), mean ± SD 60.3±2.52 64.0±1.83 1.20 0.24

Primary disease (n) 8.55 0.07

ILD 7 13

COPD 7 2

IPF 0 2

PAH 1 0

Silicosis 1 0

Operation methods (n) 0.25 0.62

Unilateral 5 4

Bilateral 11 13

Operation time (h), mean ± SD 4.06±0.34 3.79±0.29 0.60 0.56

ECMO (n) 2.43 0.12

Yes 9 5

No 7 12

ILD, interstitial lung disease; COPD, chronic obstructive pulmonary disease; IPF, idiopathic fibrosis; PAH, pulmonary arterial hypertension; 
ECMO, extracorporeal membrane oxygenation. 
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Figure 1 Preoperative nutritional status of the lung transplant 
recipients. NRS, Nutritional Risk Screening. 
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of the recipients with nutritional risk were significantly 
lower than those of the recipients with a normal nutritional 
status. Additionally, the drainage volume 24 hours after 
surgery, hospitalization duration and total costs of the 
recipients with nutritional risk were significantly increased, 
which may be because malnourished patients experience 
a decline in immune function. Plasma protein levels can 
reflect the nutritional status of the body’s visceral proteins 
(26,27).

Albumin and prealbumin, which are synthesized in the 
liver, serve as important indicators in the assessment of 
nutritional status (28,29). The half-life of albumin is 20 
days, which can reflect the loss of visceral protein in the 
human body (30). The half-life of serum prealbumin is 
only 1.9 days, so it fluctuates quickly when malnutrition 
occurs (31). Studies have shown that prealbumin levels 
change before body mass, subcutaneous fat, and other 
anthropometric indicators change, which can reflect the 
body’s early and subclinical nutritional deficiencies (32,33). 
Thus, patients with poor preoperative nutritional status 
may have more severe nutritional problems after surgery, 
which may seriously affect their immune function and thus 
increase the length of their ICU stay and hospitalization 
expenses.

Lung transplant recipients should cooperate with 

nutritionists and complete comprehensive nutritional 
assessments before surgery, including a preoperative medical 
history, a physical examination, laboratory examinations, 
and a body composition analysis, to assess their nutritional 
status so that nutritional support can be provided in a timely 
and standardized manner. This would allow the nutrient 
reserves in the patient’s body to be optimized to the greatest 
extent possible to provide a nutritional basis for a successful 
operation and improve patients’ nutritional status and 
clinical outcomes.
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Table 2 Comparison of indicators after lung transplantation between the 2 groups

Indicators Nutritional risk (n=16), mean ± SD Normal nutrition (n=17), mean ± SD t/χ2 P

Serum albumin (g/L) 34.4±1.21 39.7*±1.64 2.53 0.02

Serum prealbumin (g/L) 169±16 225*±17 2.39 0.02

Retinol-binding protein (mg/L) 20.1±1.96 25.7*±1.50 2.32 0.03

Total lymphocyte count (×109/L) 0.97±0.11 1.56*±0.23 2.30 0.03

Calcium (mmol/L) 2.16±0.04 2.30*±0.04 2.50 0.02

*, the difference is statistically significant compared to the nutritional risk group, P<0.05.
Table 3 Comparison of clinical outcome-related indicators after lung transplantation between the 2 groups

Indicators Nutritional risk (n=16), mean ± SD Normal nutrition (n=17), mean ± SD t/χ2 P

24 h drainage (mL) 750.0±94.1 521.1*±54.2 2.14 0.04

ICU stay (d) 23.4±2.32 21.8±2.30 0.48 0.64

Hospital stay (d) 57.56±6.78 40.59*±4.61 2.09 0.04

Hospital costs (RMB) (ten thousands) 46.9±1.76 41.1*±1.14 2.80 0.01

*, the difference is statistically significant compared to the nutritional risk group, P<0.05. ICU, intensive care unit.

https://atm.amegroups.com/article/view/10.21037/atm-22-3125/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3125/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3125/dss
https://atm.amegroups.com/article/view/10.21037/atm-22-3125/dss


Ding et al. The importance of nutritional status in LT recipientsPage 6 of 7

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(14):793 | https://dx.doi.org/10.21037/atm-22-3125

ICMJE uniform disclosure form (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3125/coif). 
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. This study was 
approved by the Ethics Committee of Shanghai Pulmonary 
Hospital (ethical approval No. K22-262), and was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). Signed informed consent was obtained 
from all the patients.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Hartert M, Senbaklavacin O, Gohrbandt B, et al. Lung 
transplantation: a treatment option in end-stage lung 
disease. Dtsch Arztebl Int 2014;111:107-16.

2. Nosotti M, Ferrari M. Nutritional status and lung 
transplantation: an intriguing problem. Ann Transl Med 
2020;8:44.

3. Studer SM, Levy RD, McNeil K, et al. Lung transplant 
outcomes: a review of survival, graft function, physiology, 
health-related quality of life and cost-effectiveness. Eur 
Respir J 2004;24:674-85.

4. Bottiger BA, Nicoara A, Snyder LD, et al. Frailty in 
the End-Stage Lung Disease or Heart Failure Patient: 
Implications for the Perioperative Transplant Clinician. J 
Cardiothorac Vasc Anesth 2019;33:1382-92.

5. Kanou T, Minami M, Funaki S, et al. Importance of 
the preoperative prognostic nutritional index score as a 
predictor of chronic lung allograft dysfunction after lung 
transplantation: a Japanese single-institution study. Surg 
Today 2021;51:1946-52.

6. Meza-Valderrama D, Marco E, Dávalos-Yerovi V, et 
al. Sarcopenia, Malnutrition, and Cachexia: Adapting 
Definitions and Terminology of Nutritional Disorders in 

Older People with Cancer. Nutrients 2021;13:761.
7. Dou L, Wang X, Cao Y, et al. Relationship between 

Postoperative Recovery and Nutrition Risk Screened by 
NRS 2002 and Nutrition Support Status in Patients with 
Gastrointestinal Cancer. Nutr Cancer 2020;72:33-40.

8. Leandro-Merhi VA, de Aquino JLB, Reis LO. Predictors 
of Nutritional Risk According to NRS-2002 and Calf 
Circumference in Hospitalized Older Adults with 
Neoplasms. Nutr Cancer 2017;69:1219-26.

9. Rozenberg D, Orsso CE, Chohan K, et al. Clinical 
outcomes associated with computed tomography-based 
body composition measures in lung transplantation: a 
systematic review. Transpl Int 2020;33:1610-25.

10. Jomphe V, Lands LC, Mailhot G. Nutritional 
Requirements of Lung Transplant Recipients: Challenges 
and Considerations. Nutrients 2018;10:790.

11. Clausen ES, Frankel C, Palmer SM, et al. Pre-
transplant weight loss and clinical outcomes after lung 
transplantation. J Heart Lung Transplant 2018;37:1443-7.

12. Barbosa AAO, Vicentini AP, Langa FR. Comparison of 
NRS-2002 criteria with nutritional risk in hospitalized 
patients. Cien Saude Colet 2019;24:3325-34.

13. Staufer K, Halilbasic E, Hillebrand P, et al. Impact of 
nutritional status on pulmonary function after lung 
transplantation for cystic fibrosis. United European 
Gastroenterol J 2018;6:1049-55

14. Gao Q, Cheng Y, Li Z, et al. Association Between 
Nutritional Risk Screening Score and Prognosis of 
Patients with Sepsis. Infect Drug Resist 2021;14:3817-25.

15. Kondrup J, Allison SP, Elia M, et al. ESPEN guidelines 
for nutrition screening 2002. Clin Nutr 2003;22:415-21.

16. Hipskind P, Rath M, JeVenn A, et al. Correlation of New 
Criteria for Malnutrition Assessment in Hospitalized 
Patients: AND-ASPEN Versus SGA. J Am Coll Nutr 
2020;39:518-27.

17. Ebert T, Qureshi AR, Lamina C, et al. Time-dependent 
lipid profile inversely associates with mortality in 
hemodialysis patients - independent of inflammation/
malnutrition. J Intern Med 2021;290:910-21.

18. Weber Gulling M, Schaefer M, Bishop-Simo L, et al. 
Optimizing Nutrition Assessment to Create Better 
Outcomes in Lung Transplant Recipients: A Review of 
Current Practices. Nutrients 2019;11:2884.

19. Wakabayashi H, Uwano R. Rehabilitation Nutrition 
for Possible Sarcopenic Dysphagia After Lung Cancer 
Surgery: A Case Report. Am J Phys Med Rehabil 
2016;95:e84-9.

20. Falque L, Gheerbrant H, Saint-Raymond C, et al. 

https://atm.amegroups.com/article/view/10.21037/atm-22-3125/coif
https://atm.amegroups.com/article/view/10.21037/atm-22-3125/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Translational Medicine, Vol 10, No 14 July 2022 Page 7 of 7

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(14):793 | https://dx.doi.org/10.21037/atm-22-3125

Selection of lung transplant candidates in France in 2019. 
Rev Mal Respir 2019;36:508-18.

21. Weill D, Benden C, Corris PA, et al. A consensus 
document for the selection of lung transplant candidates: 
2014--an update from the Pulmonary Transplantation 
Council of the International Society for Heart and Lung 
Transplantation. J Heart Lung Transplant 2015;34:1-15.

22. Leard LE, Holm AM, Valapour M, et al. Consensus 
document for the selection of lung transplant candidates: 
An update from the International Society for Heart 
and Lung Transplantation. J Heart Lung Transplant 
2021;40:1349-79.

23. Yamamoto H, Sugimoto S, Soh J, et al. The prognostic 
nutritional index is correlated negatively with the lung 
allocation score and predicts survival after both cadaveric 
and living-donor lobar lung transplantation. Surg Today 
2021;51:1610-8.

24. Lin HS, Lin MS, Chi CC, et al. Nutrition Assessment 
and Adverse Outcomes in Hospitalized Patients with 
Tuberculosis. J Clin Med 2021;10:2702.

25. Boura S, Severac F, Alali O, et al. Optimization of 
nutritional management of patients awaiting lung 
transplant at the Strasbourg university hospitals. Clin Nutr 
Exp 2019;27:9-20.

26. Govers C, Calder PC, Savelkoul HFJ, et al. Ingestion, 
Immunity, and Infection: Nutrition and Viral Respiratory 
Tract Infections. Front Immunol 2022;13:841532.

27. Moya P, Soriano-Irigaray L, Ramirez JM, et al. 
Perioperative Standard Oral Nutrition Supplements Versus 
Immunonutrition in Patients Undergoing Colorectal 
Resection in an Enhanced Recovery (ERAS) Protocol: A 

Multicenter Randomized Clinical Trial (SONVI Study). 
Medicine (Baltimore) 2016;95:e3704.

28. Izumi D, Ida S, Hayami M, et al. Increased Rate of 
Serum Prealbumin Level after Preoperative Enteral 
Nutrition as an Indicator of Morbidity in Gastrectomy for 
Gastric Cancer with Outlet Obstruction. World J Surg 
2022;46:624-30.

29. Smith SH. Using albumin and prealbumin to assess 
nutritional status. Nursing 2017;47:65-6.

30. Yang F, Wei L, Huo X, et al. Effects of early postoperative 
enteral nutrition versus usual care on serum albumin, 
prealbumin, transferrin, time to first flatus and 
postoperative hospital stay for patients with colorectal 
cancer: A systematic review and meta-analysis. Contemp 
Nurse 2018;54:561-77.

31. Meyer F, Valentini L. Disease-Related Malnutrition and 
Sarcopenia as Determinants of Clinical Outcome. Visc 
Med 2019;35:282-91.

32. Gao W, Kong M, Yao J, et al. Changes in Prealbumin and 
Body Mass Index Associated with T Lymphocyte Subsets 
and Nutritional Status in Chronic Hepatitis B and HBV-
Cirrhosis Patients. Clin Lab 2018;64. doi: 10.7754/Clin.
Lab.2018.180501.

33. Izumi D, Ida S, Hayami M, et al. Increased Rate of 
Serum Prealbumin Level after Preoperative Enteral 
Nutrition as an Indicator of Morbidity in Gastrectomy for 
Gastric Cancer with Outlet Obstruction. World J Surg 
2022;46:624-30. 

(English Language Editor: L. Huleatt)

Cite this article as: Ding Q, Chen W, Chen C, Zhu YM, 
Yang WW, Ding JR. Evaluation of nutritional status in lung 
transplant recipients and its correlation with post-transplant 
short-term prognosis: a retrospective study. Ann Transl Med 
2022;10(14):793. doi: 10.21037/atm-22-3125


