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Objective: Patients with Crohn’s disease (CD) commonly experience 
malnutrition. The Global Leadership Initiative on Malnutrition (GLIM) criteria, a 
novel approach to assessing malnutrition, has been validated in some diseases. 
However, there are limited studies in CD patients. This study aimed to investigate 
the applicability and effectiveness of the simplified GLIM criteria for evaluating 
the nutritional status of patients with Crohn’s disease. Additionally, it sought to 
evaluate the correlation between malnutrition defined by simplified GLIM and 
clinical outcomes.

Methods: A retrospective cohort study was conducted with 386 patients with 
CD. Data were extracted from the medical records, including demographic 
and clinical characteristics. All patients were evaluated using the simplified 
GLIM criteria. The prevalence of malnutrition was reported and the relationship 
between malnutrition and clinical outcome was analyzed.

Results: The prevalence of malnutrition among patients with CD was 73.6%, 
with 36.5% classified as moderate malnutrition and 37.0% classified as severe 
malnutrition. The malnourished group had significantly higher Crohn’s Disease 
Activity Index (CDAI) scores compared to the non-malnourished group 
(p < 0.001). Furthermore, the malnutrition group exhibited significantly lower 
levels of specific nutritional indicators, including hemoglobin (p = 0.040), 
albumin (p = 0.015), and prealbumin (p = 0.021). The median duration of follow-
up in the cohort was 15.2 weeks. The results indicated that malnutrition, as 
assessed by simplified GLIM, independently influenced endoscopic remission 
(p = 0.033). Additionally, the duration of disease (p = 0.021), C-reactive protein 
(p = 0.014) and prealbumin (p = 0.014) were independent factors influencing 
endoscopic remission in patients with CD.

Conclusion: Malnutrition identified using the simplified GLIM criteria is associated 
with age, CDAI, behavior, hemoglobin, and albumin, providing prognostic value 
for endoscopic remission in CD patients.
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Introduction

Inflammatory bowel disease (IBD), a chronic and non-specific 
inflammatory condition, impacts the entire gastrointestinal tract. Its 
prevalence is steadily rising in both developed and developing 
countries (1). Patients with IBD commonly experience malnutrition 
issues (2). Malnutrition in IBD patients results from various complex 
factors such as inflammatory response and clinical complications, 
subsequently leading to reduced intake, nutrient loss, and 
malabsorption (2, 3). Importantly, malnutrition further causes 
increased occurrence of complications, hospitalization, and surgery. 
Therefore, it is crucial to conduct malnutrition assessment in 
IBD patients.

Currently, there are no standardized evaluation tools available for 
patients with IBD. Other nutritional assessment tools include: (1) 
Subjective global assessment (SGA), a subjective method that 
combines clinical evaluation and medical history to accurately reflect 
the nutritional status of patients (4); (2) Patient-generated subjective 
global assessment (PG-SGA), which is more used in cancer patients 
(5); (3) Mini nutritional assessment (MNA), which is primarily for 
elderly patients but is also applicable for assessing nutritional status in 
IBD patients (6). In 2018, the Global Leadership Initiative on 
Malnutrition (GLIM) criteria for diagnosis of malnutrition was issued, 
and then has attracted more and more attentions in recent years (7). 
The aim of implementing the GLIM criteria is to establish a unified 
approach for diagnosing malnutrition and improving the identification 
of malnutrition.

Up to now, the GLIM criteria has been validated in various diseases 
(8–10). However, it has not been widely used in patients with 
IBD. There are only a few studies reporting the application of GLIM 
criteria in IBD patients (11–14). For example, the study by Huang et al. 
showed that the prevalence of malnutrition among IBD patients, as 
determined by the GLIM criteria, was 41.5% in a preoperative 
evaluation of 53 cases; this rate was higher than the malnutrition rate 
of 27.0% assessed by the criteria of ESPEN 2015 (15). Another study 
suggested a significant association between malnutrition diagnosed by 
GLIM in ulcerative colitis (UC) patients and opportunistic infections, 
as well as a trend toward surgical treatment, which significantly 
increased the risk of readmission (13). It is evident that further research 
is required to investigate the application of GLIM criteria in IBD. It 
should be noted that a few studies in China excluded the muscle-related 
indicator from GLIM criteria for various reasons (16). Therefore, 
we referred to this as the simplified GLIM criteria in the subsequent text.

Our present study aimed to explore the application of simplified 
GLIM criteria in evaluating malnutrition among Chinese patients 
with Crohn’s disease (CD) and identify the risk factors associated with 
malnutrition in a large sample of CD patients. These will improve our 
understanding of the impact of malnutrition on the prognosis of CD 
patients and provide more precise nutritional intervention 
recommendations for clinical practice.

Subjects and methods

Study populations

In recent years, biologics have emerged as the primary treatment 
for patients with Crohn’s disease (17, 18). This is a retrospective study 

conducted at Chongqing General Hospital (Chongqing, China), 
which included CD patients who received the treatment with 
biologics. The study period spanned from January 1, 2018 to 
December 31, 2022. The inclusion criteria for the study were as 
follows: (1) patients aged over 18 years and under 70 years; (2) a 
confirmed diagnosis of CD for at least 3 months. The diagnosis of CD 
was based on clinical manifestations, endoscopic evidence, and 
histopathological reports, following the guidelines outlined in the 
2018 Consensus on Diagnosis and Treatment of inflammatory bowel 
disease (19); (3) only CD patients who had used or were currently 
using biologics were included. The exclusion criteria include: (1) 
patients had comorbidity of other major organs or other systemic 
diseases; (2) a history of cancer or the comorbidity of cancer; (3) 
admitted for diseases other than CD. Participants were followed up 
from their initial admission until the end of December, 2022. Patients 
with missing follow-up data or other essential information were 
excluded, as indicated in the study protocol (Figure 1). Ultimately, a 
total of 386 patients were included in the current study. The study has 
been approved by the Medical Ethics Committee of Chongqing 
General Hospital (approval number: KY S2022-023-01). All 
procedures of this study met the basic ethical standards required by 
the Declaration of Helsinki. Data of this study were retrieved through 
our IBD database. All patients provided written informed consent.

Data collection

From January 2018 to December 2022, all patients were 
consecutively enrolled and their nutritional status was assessed by a 
trained dietician. General medical history, anthropometric 
measurements, laboratory results, co-morbidity information, and 
nutrition-related data were collected. The assessment of disease 
activity was based on the Crohn’s Disease Activity Index (CDAI): the 
CDAI score < 150 was considered to indicate disease remission, while 
CDAI score ≥ 150 was defined as disease activity (20). The Simplified 
Endoscopic Score for CD (SES-CD) was used as an assessment 
indicator after endoscopic examinations. Endoscopic remission is 
defined as SES-CD scores ranging from 0 to 3 (21). In this study, data 
from each patient’s initial visit to our hospital served as the basis for 
analysis. We selected the results from the initial follow-up endoscopy 
conducted at our hospital to assess endoscopic remission. Disease 
phenotype was categorized as L1-L3, and B1-B3, according to the 
Montreal classification (22). Information of the treatment and 
follow-up of CD patients was also recorded. During the initial year of 
the treatment, each patient received an endoscopic examination, and 
the relevant biochemical markers were also assessed. Patients followed 
up for more than one year were asked about hospital admissions for 
assessing the recurrence, necessity of surgery, and other changes.

Assessment of nutritional status

The Nutritional Risk Screening 2002 (NRS-2002) was performed 
and patients with a score of 3 or higher were considered at nutritional 
risk (23). The simplified GLIM criteria were used to diagnosing 
malnutrition and assessing its severity scale. The simplified GLIM 
criteria consist of three phenotypic criteria and two etiological 
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criteria. A combination of at least one phenotypic criterion and one 
etiological criterion is necessary for the diagnosis of malnutrition 
(23). For the phenotypic criteria, involuntary weight loss was assessed 
(24). The body mass index (BMI), calculated as weight (kg) divided 
by height squared (m2), is determined using a scale with precision to 
0.1 kg and 0.01 m. The loss of muscle mass was not analyzed due to 
the absence of data collected in the original database. Regarding the 
etiological criteria, due to the location of the lesions primarily in the 
gastrointestinal system and the chronic and recurrent nature of IBD, 
all patients with clinical activity met the criteria for reduced food 
intake or digestion (25). Disease-associated inflammation is defined 
by C-reactive protein (CRP) level greater than 5 mg/L based on 
previous studies (26). This study did not analyze the relevant data for 
the third phenotype criterion, which is reduced muscle mass, due to 
the lack of data in the original database and the absence of unified 
body measurement standards between the Chinese and American 
populations. A similar issue was also identified in previously 

published papers, where the authors also failed to assess muscle loss 
data (27, 28). This oversight may introduce bias.

The severity scale of malnutrition was defined as stage I (moderate) 
and stage II (severe) malnutrition, assessed by the phenotypic scale 
(23, 24). Meeting any of the following criteria for weight loss would 
lead to a diagnosis of stage I (moderate malnutrition): a weight loss of 
5–10% within the past six months or > 10–20% beyond six months, 
with a BMI <18.5 kg/m2 if <70 years or < 20 kg/m2 if >70 years. Stage 
II (severe malnutrition) is diagnosed when the weight loss criteria are 
>10% within the past six months or > 20% beyond six months, or with 
a low BMI of <17 kg/m2 if <70 years and < 17.8 kg/m2 if >70 years.

Statistical analysis

The demographic and clinical parameters were reported as the 
mean ± standard deviation (SD) or median (Q1, Q3). Intergroup 

FIGURE 1

Flowchart shows inclusion and exclusion criteria for patients in the study.
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comparisons were conducted using the independent t-test or χ2 
test. Before constructing the multivariate logistic regression 
model, we conducted a univariate analysis to identify potential 
variables associated with the research outcomes. We calculated the 
p-values for each variable and filtered out those with statistical 
significance (p < 0.05) to identify candidate variables for further 
analysis using SPSS version 22.0 (SPSS Inc., Chicago, Illinois, 
USA) for statistical analysis. Furthermore, we  also consulted 
relevant literature and clinical experience to incorporate 
potentially significant variables.

Results

Demographics and clinical characteristics

A total of 538 hospitalized patients with a diagnosis of CD were 
included in this study. Finally, 386 CD patients were considered for 
the final analysis (Figure 1). Table 1 showed a summary of participants’ 
demographics and clinical features. Of the patients, 266 (68.9%) were 
male, with an average age of 29.8 ± 11.2 years old. The means of BMI 
and CDAI were 18.9 ± 3.8 kg/m2 and 111.5 ± 71.1, respectively. The 
age at diagnosis and duration of CD were 25.8 ± 10.12 years and 
2.4 ± 2.9 years old, respectively. 80 (20.8%) patients had a history of 
smoking; 100 patients (25.9%) had a history of intestinal surgery. The 
primary disease location in CD patients was the ileocolonic region 
(246, 66.8%), and the most common disease behavior was B1. In 
addition, 208 (53.9%) patients had perianal lesions.

Prevalence of malnutrition in CD patients

In our present study, the majority of CD patients (298, 77.4%) 
were identified as nutritional risk. According to simplified GLIM 
criteria for diagnosing malnutrition, 284 participants (73.6%) were 
diagnosed with malnutrition, while 102 participants (26.4%) were 
classified as non-malnutrition (Table 1). Among the malnourished 
CD patients, 141 cases (36.5%) were categorized as moderate 
malnutrition, and 143 cases (35.4%) were identified as severe 
malnutrition. The average BMI was 18.2 ± 2.3 kg/m2 and the mean 
CDAI score was 122.9 ± 70.5 in malnourished CD patients (Table 1). 
Interestingly, 269 malnourished patients (60.8%) exhibited obvious 
involuntary weight loss, even though their BMI was ≥18.5 kg/m2. 
Furthermore, 172 patients had a BMI lower than 18.5 kg/m2, 
representing 60.6% of malnourished individuals and 44.6% of the 
total patients.

The specific phenotypic and etiologic criteria of simplified GLIM 
in this study are depicted in Figure 2. The results indicated that weight 
loss was the most common phenotypic criterion for diagnosing 
malnutrition according to the simplified GLIM criteria. Additionally, 
it was observed that CD patients classified as moderately or severely 
malnourished had significantly lower BMI and weight loss compared 
to non-malnourished patients.

There were no significant differences in gender, disease location, 
smoking history, and intestinal surgery history between patients with 
malnutrition and those without malnutrition. Patients in the malnutrition 
group were younger at the age of assessment (28.3 ± 10.3 years vs. 
33.9 ± 12.5 years, p < 0.001), onset (21.6 ± 9.2 years vs. 24.9 ± 12.6 years, 

p = 0.024) and diagnosis (24.7 ± 9.3 years vs. 29.5 ± 11.8 years, p = 0.001) 
compared to those in the non-malnutrition group (Table 1). Patients were 
classified into B1-B3 phenotypes based on disease behavior according to 
the Montreal classification (22). The majority (143, 50.4%) of CD patients 
with malnutrition were classified as B2 or B3 phenotype (p = 0.001). 
Furthermore, CD patients who were malnourished exhibited a higher 
incidence of perianal lesions in comparison to subjects without 
malnutrition (p < 0.038) (Table 1).

The relationship between malnutrition and 
laboratory parameters in patients with CD

Our results showed that compared with the non-malnutrition 
group, the levels of some nutritional indicators including hemoglobin 
(p = 0.040), albumin (p = 0.015) and prealbumin (p = 0.021) were 
significantly lower in the malnutrition group; however, there was no 
difference of vitamin D levels between the two groups (Figure 3). 
Furthermore, the levels of platelet (p < 0.001) were higher in patients 
with malnutrition; however, there were no differences of other 
parameters, including CRP and ESR, between the two groups, as 
shown in Figure 4.

Univariate and multivariate analysis of 
clinical characteristics and nutritional 
status in relation to endoscopic remission

The median follow-up time was 15.2 weeks (ranged by 
14–20 weeks). Results of univariate logistic regression analysis 
showed that significant differences were observed in hemoglobin 
(p = 0.011), albumin (p = 0.009) and prealbumin (p = 0.001), which 
exhibited positive associations with endoscopic remission (Table 2). 
Moreover, we  also found that patients with weight loss (>10%) 
(p = 0.006), low BMI (<17 m2/kg) (p = 0.020), malnutrition 
(p = 0.009), and severe malnutrition (p = 0.002) had negatively 
associated with endoscopic remission. Variables that demonstrated 
statistical significance in univariate analysis or are clinically 
recognized were subsequently subjected to multivariate logistic 
regression. The results showed that malnutrition, as assessed by 
simplified GLIM, independently influences endoscopic remission 
(OR 0.195 CI 0.044–0.874, p = 0.033). In addition, we also found 
that duration of disease (OR 0.865, CI 0.764–0.978, p = 0.021), CRP 
(OR 1.010, CI 1.002–1.014, p = 0.014) and prealbumin (OR 1.008, 
CI 1.002–1.014, p = 0.014) were independent factors influencing 
endoscopic remission of CD patients after controlling for potential 
confounding variables.

Discussion

Malnutrition is common among patients with CD and has been 
demonstrated to impact their prognosis (29). It is vital to identify 
malnutrition in IBD patients. The GLIM criteria were developed to 
establish a global consensus on malnutrition diagnosis and has been 
validated in patients with some diseases (8, 9). However, there are very 
limited studies reporting its applicability in CD patients (11, 12). In 
particular, there is a lack of the application of GLIM criteria in IBD 
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TABLE 1 Demographic and clinical characteristics of patients with or without malnutrition assessed by the GLIM criteria.

Variables Non-malnourished n = 102 
(26.4%)

Malnourished n = 284 (73.6%) Total n = 386 (100%) p

Age at assessment, years 33.9 ± 12.5 28.3 ± 10.3 29.8 ± 11.2 <0.001

Onset age, years 24.9 ± 12.6 21.6 ± 9.2 22.4 ± 10.3 0.024

Age at diagnosis, years 29.5 ± 11.8 24.7 ± 9.3 25.8 ± 10.2 0.001

Duration of disease, years 2.4 ± 2.8 2.4 ± 2.9 2.4 ± 2.9 0.984

Male, n (%) 76 (74.5%) 190 (66.9%) 266 (68.9%) 0.142

BMI (kg/m2) 22.4 ± 2.5 18.2 ± 2.3 18.9 ± 3.8 <0.001

CDAI 77.3 ± 61.3 122.9 ± 70.5 111.5 ± 71.1 <0.001

Smoking history, n (%) 23 (22.5%) 57 (20.1%) 80 (20.8%) 0.608

History of intestinal surgery (%) 26 (25.5%) 74 (26.1%) 100 (25.9%) 0.911

History of perianal surgery (%) 49 (48.0%) 117 (41.2%) 166 (43.0%) 0.232

Location, n (%) 0.917

  Ileal 18 (18.9%) 51 (18.7%) 69 (18.8%)

  Colonic 14 (14.7%) 39 (14.3%) 53 (14.4%)

  Ileocolonic 63 (66.3%) 183 (67.0%) 246 (66.8%)

  Upper gastrointestinal 7 (6.9%) 22 (7.7%) 29 (7.5%) 0.772

Behavior, n (%) 0.001

  B1 (inflammatory) 66 (64.7%) 141 (49.6%) 207 (53.6%)

  B2 (stricturing) 31 (30.4%) 97 (34.2%) 128 (33.2%)

  B3 (penetrating) 5 (4.9%) 46 (16.2%) 51 (13.2%)

Perianal disease, n (%) 46 (45.1%) 163 (57.0%) 208 (53.9%) 0.038

Severity of malnutrition <0.001

  Moderate 141 (36.5%)

  Severe 143 (37.0%)

NRS-2002, n (%) <0.001

  < 3 87 (85.3%) 70 (24.6%) 157 (40.7%)

  ≥3 15 (14.7%) 214 (75.4%) 229 (59.3%)

Weight loss, n (%) <0.001

  No 102 (100%) 12 (4.3%)

  > 5% within past 6 months 156 (55.5%)

  > 10% beyond 6 months 113 (40.2%)

(Continued)
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TABLE 1 (Continued)

Variables Non-malnourished n = 102 
(26.4%)

Malnourished n = 284 (73.6%) Total n = 386 (100%) p

Low BMI (kg/m2), n (%) <0.001

  No 102 (100%) 111 (39.2%)

  < 18.5 77 (27.2%)

  < 17 95 (33.6%)

Inflammatory load, n (%) 61 (67.0%) 203 (77.8%) 0.042

CRP (mg/L) 34.4 ± 41.6 43.5 ± 46.6 41.0 ± 45.4 0.085

PLT (109/L) 311.9 ± 122.7 370.6 ± 146.2 356.1 ± 142.8 <0.001

Hb (g/L) 122.6 ± 26.3 112.7 ± 26.3 115.1 ± 26.6 0.040

Leukocyte count (109/L) 7.1 ± 2.4 7.3 ± 2.7 7.3 ± 2.7 0.408

Neutrophil count (109/L) 4.9 ± 2.1 5.5 ± 4.9 5.4 ± 4.3 0.116

ESR (mm/H) 25.8 ± 21.1 29.3 ± 22.7 28.4 ± 22.3 0.177

ALB (g/L) 40.4 ± 8.5 37.7 ± 8.7 38.3 ± 8.7 0.015

PA (g/L) 196.3 ± 77.2 173.2 ± 75.5 178.8 ± 76.5 0.021

Creatinine (mmol/L) 68.9 ± 18.1 62.4 ± 19.4 64.0 ± 19.3 0.006

Uric acid (umol/L) 343.7 ± 95.3 306.4 ± 104.8 316.0 ± 103.5 0.002

Vitamin D (ng/mL) 16.7 ± 11.3 14.4 ± 10.4 15.0 ± 10.7 0.108

ALB, Albumin; BMI, body mass index; CDAI, Crohn’s disease activity index score; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; PLT, platelet; PA, prealbumin; Y, year. Bold-faced values indicate statistically significant at alpha < 0.05.
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TABLE 2 Univariate and multivariate analysis of clinical characteristics and nutritional status in relation to endoscopic remission.

Univariate analysis Multivariate analysis

Odds ratio (95% CI) P Odds ratio (95% CI) P

Male, n (%) 1.356 (0.875, 2.101) 0.173

Duration of disease 0.935 (0.856, 1.021) 0.133 0.865 (0.764, 0.978) 0.021

BMI, kg/m2 1.040 (0.971, 1.115) 0.263 0.869 (0.736, 1.026) 0.098

CDAI 0.998 (0.992, 1.003) 0.412 0.996 (0.991, 1.001) 0.154

History of intestinal surgery

  Yes 0.996 (0.643, 1.543) 0.987 0.930 (0.546, 1.587) 0.791

Disease location of CD

  Ileal Reference

  Colonic 0.905 (0.437, 1.876) 0.789

  Ileocolonic 0.898 (0.522, 1.544) 0.697

  Upper gastrointestinal 1.29 (0.60–2.76) 0.513

Disease behavior of CD

  B1 (inflammatory) Reference

  B2 (stricturing) 0.684 (0.432, 1.082) 0.105

  B3 (penetrating) 0.872 (0.466, 1.632) 0.699

Perianal disease

  Yes 1.173 (0.777, 1.769) 0.447

Malnutrition

  Yes 0.543 (0.344, 0.859) 0.009 0.195 (0.044, 0.874) 0.033

Severity of malnutrition

  Moderate Reference

  Severe 0.634 (0.388, 1.035) 0.068

Weight loss

  No Reference

  >5% 0.805 (0.492, 1.316) 0.387 2.840 (0.682, 11.825) 0.151

  >10% 0.457 (0.262, 0.796) 0.006 1.548 (0.365, 6.565) 0.553

Low BMI, kg/m2

  No Reference

  <18.5 1.314 (0.778, 2.218) 0.307 2.330 (1.222, 4.441) 0.010

  <17 0.535 (0.316, 0.907) 0.020 1.144 (0.575, 2.279) 0.702

Inflammatory load

  No Reference

  Yes 0.849 (0.548, 1.315) 0.463 0.903 (0.570, 1.433) 0.666

CRP (mg/L) 0.998 (0.993, 1.002) 0.335 1.010 (1.002, 1.014) 0.014

PLT (10^9/L) 0.999 (0.997, 1.000) 0.093

Hb (g/L) 1.012 (1.003, 1.021) 0.011 0.996 (0.982–1.011) 0.600

Leukocyte count (109/L) 0.966 (0.890, 1.049) 0416

Neutrophil count (109/L) 0.931 (0.847, 1.024) 0.142

ESR (mm/H) 0.987 (0.977, 0.998) 0.017 0.994 (0.977–1.011) 0.480

ALB (g/L) 1.042 (1.010, 1.075) 0.009 1.032 (0.977, 1.089) 0.262

PA (g/L) 1.005 (1.002, 1.008) 0.001 1.008 (1.002, 1.014) 0.014

Vitamin D (ng/ml) 1.011 (0.987, 1.037) 0.369

NRS2002

  <3 Reference

  ≥3 0.833 (0.558–1.242) 0.370 1.039 (0.640, 1.688) 0.876

ALB, Albumin; BMI, body mass index; CDAI, Crohn’s disease activity index score; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; PLT, platelet; PA, 
prealbumin; Y, year. Bold-faced values indicate statistically significant at alpha < 0.05.
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patients in China. In this study, we assessed malnutrition using the 
simplified GLIM criteria in a primary cohort of 386 CD patients. Our 
results revealed a malnutrition prevalence of 73.6% among CD 
patients, with 36.5% classified as moderate malnutrition and 37% as 
severe malnutrition. Furthermore, our current study demonstrated 
that disease behavior, age of onset, and CDAI were associated with 
nutritional status in patients with CD. Hence, employing the simplified 
GLIM criteria may be considered advantageous in making clinical 
decisions for the therapy of CD patients.

The prevalence of malnutrition appears to exceed the range of 20 
to 40% reported in earlier studies (30–32). Previous studies have 
shown that GLIM criteria had a higher detection rate of malnutrition 
compared to ESPEN criteria; however, this analysis only included 53 
surgical IBD patients (12). Another study reported an incidence of 
malnutrition of 69.5% in patients with CD; the simplified GLIM 
criteria used in this study were generally consistent with the ESPEN, 
SGA, and WHO criteria (33). This inconsistency may be attributed to 
two next reasons: (1) the lack of consensus on the exact criteria for 
assessment of malnutrition in CD patients; (2) our cases were affected 
by active diseases, age, and other factors; (3) moreover, patients 
receiving biologic treatment may be  more likely to experience 
comorbid malnutrition.

Our research demonstrates significant differences in disease 
status between malnourished and non-malnourished patients. 
Malnourished patients exhibited lower levels of albumin and 
hemoglobin, while displayed elevated platelet counts. This finding 
is crucial for understanding the nutritional status of patients with 
Crohn’s disease and for guiding clinical management. Patients in 
the malnutrition group were found to be younger than those in the 
non-malnutrition group, regardless of their age at assessment, 
onset, or diagnosis. This was consistent with prior studies indicating 

that an earlier onset of symptoms could result in heightened 
malnutrition and inflammation. Moreover, our study found that CD 
patients classified as B2 and B3 according to the Montreal 
classification of disease behavior had a higher risk of malnutrition. 
This may be due to the presence of intestinal fistulas with varying 
degrees of narrowing or obstruction, which not only increased 
energy expenditure but also impaired nutrient digestion and 
absorption (29). In addition, we  also revealed that various 
indicators, including platelet, hemoglobin, albumin, creatinine, and 
uric acid, were associated with nutritional status. This may be, at 
least in part, due to the fact that inflammatory reactions in the 
intestines of CD patients leads to the release of inflammatory 
mediators, which stimulates the bone marrow to produce more 
platelets, resulting in elevated platelet levels (34, 35). Additionally, 
CD causes intestinal inflammation and ulcers, which impairs 
digestive and absorptive functions. Prolonged inflammation and 
malnutrition also affect protein synthesis and metabolism, 
potentially causing decreased levels of substances such as 
hemoglobin, albumin, and creatinine (29, 36).

Currently, the treatment goal for CD is endoscopic remission. 
However, the clinical correlation between simplified GLIM defined 
malnutrition and endoscopic remission rates in patients with CD 
remains unclear. In our current study, CD patients were classified 
into three groups using simplified GLIM criteria: no malnutrition, 
moderate malnutrition, and severe malnutrition. Our findings 
indicated that patients with malnutrition exhibited a decreased rate 
of endoscopic remission. Conversely, patients with severe 
malnutrition encountered greater challenges in attaining 
endoscopic remission. We  also found that patients who were 
initially malnourished had a lower rate of achieving endoscopic 
remission; moreover, patients with severe malnutrition may face 

FIGURE 2

The comparison of laboratory indicators between malnourished and non-malnourished patients using the GLIM assessment. *p < 0.05.
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greater challenges in attaining endoscopic remission. It should 
be noted that results of multivariate analysis showed a significant 
correlation between malnutrition, CRP, and prealbumin with 
endoscopic remission. This indicated that simplified GLIM defined 
malnutrition has demonstrated its ability to predict endoscopic 
remission rates in CD patients. However, there are some 
disadvantages to the GLIM criteria in patients with IBD. For 
instance, the degree of inflammation in IBD patients varies, which 
can result in differing levels of malnutrition severity. Additionally, 
patients with IBD rarely assess their muscle condition during 
routine practice, which raises uncertainty regarding the applicability 
of alternative muscle indicators.

This study has several limitations. First, this study involves a 
retrospective analysis of an observational cohort. The design may 
restrict our analytical capabilities, and the data obtained from a 
single center might not adequately represent the entire population 
of patients with CD. Second, the follow-up period is relatively short 
to evaluate the observed results. Longer follow-up duration is 

necessary to assess the correlation between simplified GLIM and 
clinical outcomes. Besides, nutritional therapy may significantly 
influence patient outcomes. Future studies should perform stratified 
analyses to elucidate its specific effects on this patient group. 
Additionally, the absence of data on decreased muscle mass and 
other laboratory indicators in the original database could impact 
the GLIM assessment. Thus, Future research should include the 
collection of detailed data on muscle loss and long-term tracking of 
patients’ nutritional status to comprehensively determine the 
relationship between nutritional status and prognosis of 
CD patients.

In conclusion, this study’s primary findings indicate that 
malnutrition identified using the simplified GLIM is associated with 
age, CDAI, behavior, hemoglobin, and albumin, providing prognostic 
value for endoscopic remission in CD patients. Future long-term 
follow-up studies on CD patients assessed using the simplified GLIM 
criteria should be  conducted to evaluate the impact of improved 
nutritional status on quality of life and disease prognosis. Additionally, 

FIGURE 3

The comparison of nutritional indicators, including Hb (A), ALB (B), PA (C) and VD (D), was conducted between malnourished and non-malnourished 
patients. *p < 0.05. Hb, hemoglobin; ALB, albumin; PA, prealbumin; VD, Vitamin D.
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multicenter clinical studies should be  initiated to validate the 
effectiveness and feasibility of this nutritional assessment tool in 
CD patients.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Chongqing 
General Hospital Ethical Review Authority (approval number: KY 

S2022-023-01). The studies were conducted in accordance with the 
local legislation and institutional requirements. The participants 
provided their written informed consent to participate in this study. 
Written informed consent was obtained from the individual(s) for the 
publication of any potentially identifiable images or data included in 
this article.

Author contributions

XS: Writing  – original draft, Data curation, Formal analysis, 
Project administration. XZ: Formal analysis, Writing  – review & 
editing. HW: Data curation, Writing – review & editing. HG: Funding 
acquisition, Resources, Writing  – review & editing. JY: Formal 
analysis, Funding acquisition, Methodology, Supervision, Writing – 
review & editing.

FIGURE 4

The comparison of laboratory inflammatory, including CRP (A), ESR (B), and PLT (C), was conducted between malnourished and non-malnourished 
patients. *p < 0.05. CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PLT, platelet.

https://doi.org/10.3389/fnut.2024.1414124
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Song et al. 10.3389/fnut.2024.1414124

Frontiers in Nutrition 11 frontiersin.org

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported in part by Program of Chongqing Medical University for 
Youth Innovation in Future Medicine (W0085), Project of Chongqing 
Medical Talent Studio (2022), Li Jieshou Intestinal Barrier Research 
Foundation (Z-2017-24-2009), and Chongqing Science and Health 
joint project (2024ZDXM009).

Acknowledgments

We would like to thank all participants for their time and effort 
in the study. This study was performed within the Chongqing 
General Hospital.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Ma T, Wan M, Liu G, Zuo X, Yang X, Yang X. Temporal trends of inflammatory 

bowel disease burden in China from 1990 to 2030 with comparisons to Japan, South 
Korea, the European Union, the United States of America, and the world. Clin Epidemiol. 
(2023) 15:583–99. doi: 10.2147/CLEP.S402718

 2. Goh J, O'Morain CA. Review article: nutrition and adult inflammatory bowel 
disease. Aliment Pharmacol Ther. (2003) 17:307–20. doi: 
10.1046/j.1365-2036.2003.01482.x

 3. Wedrychowicz A, Zajac A, Tomasik P. Advances in nutritional therapy in 
inflammatory bowel diseases: review. World J Gastroenterol. (2016) 22:1045–66. doi: 
10.3748/wjg.v22.i3.1045

 4. Duerksen DR, Laporte M, Jeejeebhoy K. Evaluation of nutrition status using the 
subjective global assessment: malnutrition, Cachexia, and sarcopenia. Nutr Clin Pract. 
(2021) 36:942–56. doi: 10.1002/ncp.10613

 5. Jager-Wittenaar H, Ottery FD. Assessing nutritional status in cancer: role of the 
patient-generated subjective global assessment. Curr Opin Clin Nutr Metab Care. (2017) 
20:322–9. doi: 10.1097/MCO.0000000000000389

 6. Dent E, Hoogendijk EO, Visvanathan R, Wright ORL. Malnutrition screening and 
assessment in hospitalised older people: a review. J Nutr Health Aging. (2019) 23:431–41. 
doi: 10.1007/s12603-019-1176-z

 7. Cederholm T, Jensen GL, Correia M, Gonzalez MC, Fukushima R, Higashiguchi T, 
et al. GLIM criteria for the diagnosis of malnutrition – a consensus report from the 
global clinical nutrition community. J Cachexia Sarcopenia Muscle. (2019) 10:207–17. 
doi: 10.1002/jcsm.12383

 8. Balci C, Tufan G, Ozdemir N, Aksoy S, Oksuzoglu OB, Zengin N, et al. GLIM 
criteria as a valid tool for nutrition assessment and mortality prediction in treatment-
naive patients with cancer. Nutr Clin Pract. (2023) 38:798–806. doi: 10.1002/ncp.10969

 9. Dos Santos ALS, Santos BC, Frazao LN, Miranda AL, Fayh APT, Silva FM, et al. 
Validity of the GLIM criteria for the diagnosis of malnutrition in patients with colorectal 
cancer: a multicenter study on the diagnostic performance of different indicators of 
reduced muscle mass and disease severity. Nutrition. (2023) 119:112324. doi: 10.1016/j.
nut.2023.112324

 10. Barone M, Leo AD, de van der Schueren MAE. Malnutrition assessment by global 
leadership initiative on malnutrition criteria in patients with amyotrophic lateral 
sclerosis. Nutrition. (2023) 109:111997. doi: 10.1016/j.nut.2023.111997

 11. Huang L, Niannian F, Zhang Y, Shi Y, Gao X, Zhang L, et al. Rapid assessment of 
malnutrition based on GLIM diagnosis in Crohn's disease. Front Nutr. (2023) 
10:1236036. doi: 10.3389/fnut.2023.1236036

 12. Fiorindi C, Luceri C, Dragoni G, Piemonte G, Scaringi S, Staderini F, et al. GLIM 
criteria for malnutrition in surgical IBD patients: a pilot study. Nutrients. (2020) 12:222. 
doi: 10.3390/nu12082222

 13. Wei W, Yan P, Wang F, Bai X, Wang J, Li J, et al. Malnutrition defined by the global 
leadership initiative on malnutrition (GLIM) criteria in hospitalized patients with 
ulcerative colitis and its association with clinical outcomes. Nutrients. (2023) 15:572. doi: 
10.3390/nu15163572

 14. Zhang Y, Zhang L, Gao X, Dai C, Huang Y, Wu Y, et al. Impact of malnutrition and 
sarcopenia on quality of life in patients with inflammatory bowel disease: a multicentre 
study. J Cachexia Sarcopenia Muscle. (2023) 14:2663–75. doi: 10.1002/jcsm.13341

 15. Huang S, Niu Y, Liu X, Gu Z, Huang A, Wu J. Characteristics of malnutrition 
according to global leadership initiative on malnutrition criteria in non-surgical patients 

with inflammatory bowel disease. Nutrition. (2022) 94:111514. doi: 10.1016/j.
nut.2021.111514

 16. Guo F, Min L, Chengyuan L, Hong L, Meng W, Chenyi T, et al. The influence of 
the China GLIM standards on the diagnosis of malnutrition in patients with 
hematopoietic stem cell transplant. Front Nutr. (2022) 9:1077442. doi: 10.3389/
fnut.2022.1077442

 17. Lichtenstein GR, Loftus EV, Isaacs KL, Regueiro MD, Gerson LB, Sands BE. ACG 
clinical guideline: Management of Crohn's disease in adults. Am J Gastroenterol. (2018) 
113:481–517. doi: 10.1038/ajg.2018.27

 18. Cholapranee A, Hazlewood GS, Kaplan GG, Peyrin-Biroulet L, Ananthakrishnan 
AN. Systematic review with meta-analysis: comparative efficacy of biologics for 
induction and maintenance of mucosal healing in Crohn's disease and ulcerative colitis 
controlled trials. Aliment Pharmacol Ther. (2017) 45:1291–302. doi: 10.1111/apt.14030

 19. Inflammatory Bowel Disease Group CSoGCMA. Chinese consensus on diagnosis 
and treatment in inflammatory bowel disease (2018, Beijing). J Dig Dis. (2021) 
22:298–317. doi: 10.1111/1751-2980.12994

 20. Sostegni R, Daperno M, Scaglione N, Lavagna A, Rocca R, Pera A. Review article: 
Crohn's disease: monitoring disease activity. Aliment Pharmacol Ther. (2003) 17:11–7. 
doi: 10.1046/j.1365-2036.17.s2.17.x

 21. Daperno M, D'Haens G, Van Assche G, Baert F, Bulois P, Maunoury V, et al. 
Development and validation of a new, simplified endoscopic activity score for Crohn's 
disease: the SES-CD. Gastrointest Endosc. (2004) 60:505–12. doi: 10.1016/
s0016-5107(04)01878-4

 22. Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal classification of 
inflammatory bowel disease: controversies, consensus, and implications. Gut. (2006) 
55:749–53. doi: 10.1136/gut.2005.082909

 23. Cederholm T, Jensen GL, Correia M, Gonzalez MC, Fukushima R, Higashiguchi 
T, et al. GLIM criteria for the diagnosis of malnutrition – a consensus report from the 
global clinical nutrition community. Clin Nutr. (2019) 38:1–9. doi: 10.1016/j.
clnu.2018.08.002

 24. Maeda K, Ishida Y, Nonogaki T, Mori N. Reference body mass index values and 
the prevalence of malnutrition according to the global leadership initiative on 
malnutrition criteria. Clin Nutr. (2020) 39:180–4. doi: 10.1016/j.clnu.2019.01.011

 25. de van der Schueren MAE, Keller H, Consortium G, Cederholm T, Barazzoni R, 
Compher C, et al. Global leadership initiative on malnutrition (GLIM): guidance on 
validation of the operational criteria for the diagnosis of protein-energy malnutrition in 
adults. Clin Nutr. (2020) 39:2872–80. doi: 10.1016/j.clnu.2019.12.022

 26. Cederholm T, Jensen GL, Ballesteros-Pomar MD, Blaauw R, Correia MITD, 
Cuerda C, et al. TEMPORARY REMOVAL: guidance for assessment of the inflammation 
etiologic criterion for the global leadership initiative (GLIM) on diagnosis of 
malnutrition: a modified Delphi approach. Clin Nutr. (2023) 43:1025–32. doi: 10.1016/j.
clnu.2023.11.026

 27. Xu JY, Zhang XN, Jiang ZM, Jie B, Wang Y, Li W, et al. Nutritional support therapy 
after GLIM criteria may neglect the benefit of reducing infection complications 
compared with NRS 2002: reanalysis of a cohort study. Nutrition. (2020) 79-80:110802. 
doi: 10.1016/j.nut.2020.110802

 28. Skeie E, Tangvik RJ, Nymo LS, Harthug S, Lassen K, Viste A. Weight loss and BMI 
criteria in GLIM's definition of malnutrition is associated with postoperative 
complications following abdominal resections  – results from a National Quality 
Registry. Clin Nutr. (2020) 39:1593–9. doi: 10.1016/j.clnu.2019.07.003

https://doi.org/10.3389/fnut.2024.1414124
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.2147/CLEP.S402718
https://doi.org/10.1046/j.1365-2036.2003.01482.x
https://doi.org/10.3748/wjg.v22.i3.1045
https://doi.org/10.1002/ncp.10613
https://doi.org/10.1097/MCO.0000000000000389
https://doi.org/10.1007/s12603-019-1176-z
https://doi.org/10.1002/jcsm.12383
https://doi.org/10.1002/ncp.10969
https://doi.org/10.1016/j.nut.2023.112324
https://doi.org/10.1016/j.nut.2023.112324
https://doi.org/10.1016/j.nut.2023.111997
https://doi.org/10.3389/fnut.2023.1236036
https://doi.org/10.3390/nu12082222
https://doi.org/10.3390/nu15163572
https://doi.org/10.1002/jcsm.13341
https://doi.org/10.1016/j.nut.2021.111514
https://doi.org/10.1016/j.nut.2021.111514
https://doi.org/10.3389/fnut.2022.1077442
https://doi.org/10.3389/fnut.2022.1077442
https://doi.org/10.1038/ajg.2018.27
https://doi.org/10.1111/apt.14030
https://doi.org/10.1111/1751-2980.12994
https://doi.org/10.1046/j.1365-2036.17.s2.17.x
https://doi.org/10.1016/s0016-5107(04)01878-4
https://doi.org/10.1016/s0016-5107(04)01878-4
https://doi.org/10.1136/gut.2005.082909
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.1016/j.clnu.2019.01.011
https://doi.org/10.1016/j.clnu.2019.12.022
https://doi.org/10.1016/j.clnu.2023.11.026
https://doi.org/10.1016/j.clnu.2023.11.026
https://doi.org/10.1016/j.nut.2020.110802
https://doi.org/10.1016/j.clnu.2019.07.003


Song et al. 10.3389/fnut.2024.1414124

Frontiers in Nutrition 12 frontiersin.org

 29. Jablonska B, Mrowiec S. Nutritional status and its detection in patients with 
inflammatory bowel diseases. Nutrients. (2023) 15:1991. doi: 10.3390/nu15081991

 30. Mijac DD, Jankovic GL, Jorga J, Krstic MN. Nutritional status in patients with active 
inflammatory bowel disease: prevalence of malnutrition and methods for routine 
nutritional assessment. Eur J Intern Med. (2010) 21:315–9. doi: 10.1016/j.ejim.2010.04.012

 31. Casanova MJ, Chaparro M, Molina B, Merino O, Batanero R, Duenas-Sadornil C, et al. 
Prevalence of malnutrition and nutritional characteristics of patients with inflammatory 
bowel disease. J Crohns Colitis. (2017) 11:1430–9. doi: 10.1093/ecco-jcc/jjx102

 32. Pulley J, Todd A, Flatley C, Begun J. Malnutrition and quality of life among adult 
inflammatory bowel disease patients. JGH Open. (2020) 4:454–60. doi: 10.1002/
jgh3.12278

 33. Zhang Y, Zhang L, Gao X, Dai C, Huang Y, Wu Y, et al. Validation of the GLIM 
criteria for diagnosis of malnutrition and quality of life in patients with inflammatory 

bowel disease: a multicenter, prospective, observational study. Clin Nutr. (2022) 
41:1297–306. doi: 10.1016/j.clnu.2022.04.016

 34. Gaetani E, Del Zompo F, Marcantoni M, Gatto I, Giarretta I, Porfidia A, et al. 
Microparticles produced by activated platelets carry a potent and functionally active 
Angiogenic signal in subjects with Crohn's disease. Int J Mol Sci. (2018) 19:2921. doi: 
10.3390/ijms19102921

 35. Schmid W, Novacek G, Vogelsang H, Papay P, Primas C, Eser A, et al. Platelets 
toll-like receptor-4 in Crohns disease. Eur J Clin Investig. (2017) 47:109–16. doi: 10.1111/
eci.12686

 36. Vigano C, Palermo A, Mulinacci G, Pirola L, Losco A, Meucci G, et al. Prevalence 
of disease-related malnutrition and micronutrients deficit in patients with inflammatory 
bowel disease: a multicentric cross-sectional study by the GSMII (inflammatory bowel 
disease study group). Inflamm Bowel Dis. (2023) 30:1112–20. doi: 10.1093/ibd/izad146

https://doi.org/10.3389/fnut.2024.1414124
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/nu15081991
https://doi.org/10.1016/j.ejim.2010.04.012
https://doi.org/10.1093/ecco-jcc/jjx102
https://doi.org/10.1002/jgh3.12278
https://doi.org/10.1002/jgh3.12278
https://doi.org/10.1016/j.clnu.2022.04.016
https://doi.org/10.3390/ijms19102921
https://doi.org/10.1111/eci.12686
https://doi.org/10.1111/eci.12686
https://doi.org/10.1093/ibd/izad146

	The simplified GLIM criteria for assessment of malnutrition and its correlation with clinical outcomes in Crohn’s disease patients
	Introduction
	Subjects and methods
	Study populations
	Data collection
	Assessment of nutritional status
	Statistical analysis

	Results
	Demographics and clinical characteristics
	Prevalence of malnutrition in CD patients
	The relationship between malnutrition and laboratory parameters in patients with CD
	Univariate and multivariate analysis of clinical characteristics and nutritional status in relation to endoscopic remission

	Discussion

	References

