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Objective: Serum albumin to globulin ratio (AGR) is a marker of inflammatory disease, but its role in inflammatory bowel disease
(IBD) remains unknown. The primary purpose of the present research was to explore the relationship between serum AGR and
inflammatory bowel disease (IBD).
Methods: A total of 179 patients with ulcerative colitis (UC), 210 patients with Crohn’s disease (CD), and non-IBD controls (age-
and gender-matched controls who have gastrointestinal (GI) symptoms) were enrolled in the research. Demographic data, endoscopic
score, and serum biomarkers such as C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cell (WBC) count,
and Ca2+ were included. The Mayo score and the Harvey-Bradshaw Index (HBI) were applied to evaluate the disease activity of UC
and CD, respectively.
Results: Serum AGR was significantly lower among IBD patients compared with non-IBD controls. There was a negative
association between serum AGR and Mayo score in patients with UC (r = −0.413, p < 0.001), and serum AGR was also associated
with HBI score in patients with CD (r = −0.471, p < 0.001). After adjusting other potential variables, low serum AGR (below-
median) was independently associated with Mayo score (β = −0.196, p = 0.026) and HBI score (β = −0.162, p = 0.022),
respectively. The area under the curve (AUC) for AGR to distinguish UC was 0.701, and the AUC of CD was 0.759. Based on
the optimal cut-off value, multivariate logistic regression indicates that low AGR can differentiate UC from non-UC (OR = 2.564,
95% CI = 1.433–4.587, p = 0.002) and CD from non-CD (OR = 3.732, 95% CI = 1.640–8.492, p = 0.001).
Conclusion: AGR may become a promising candidate to help clinicians differentiate IBD and evaluate IBD disease activity.
Inflammation and nutritional status might be the future directions to explore its mechanism.
Keywords: inflammatory bowel disease, biomarker, inflammation, malnutrition, activity evaluation

Introduction
Inflammatory bowel disease (IBD), which consists of ulcerative colitis (UC) and Crohn’s disease (CD), is a chronically
relapsing inflammatory intestinal disorder with an incidence continuously ascending in recent years, especially in
developing countries.1 The pathogenesis of IBD is undefined, complex, and not yet fully understood. It is thought to
be due to the interaction of commensal bacteria (or their products), susceptibility genes, environmental factors (such as
diet), and immune deficiencies.2,3 IBD has become a global public health problem that generates significantly higher
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morbidity and an enormous burden for health care systems.4–7 Moreover, IBD has a notable impact on patients’ physical
and psychological health, making it critical to diagnose and treat as quickly as possible.6 In contrast, delays in referral
and diagnosis seem prevalent in IBD.8 Endoscopy with pathological examination is the gold standard for diagnosing IBD
and evaluating disease activity.9 The cross-sectional imaging offers complementary information of small bowel, which
the endoscope can hardly reach.10 However, endoscopy tends to be least tolerable due to its considerable cost,
inconvenience, and invasive risk, especially when routinely re-evaluated.11 Thus, developing a non-invasive method
that is more convenient, tolerable, reliable, economical, and faster for accurately diagnosing IBD and monitoring IBD
activity is of great importance. Currently, various biomarkers have been reported, including fecal calprotectin (FC),
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood cell (WBC) count, and so on.12–14 FC and
CRP have been widely studied and play a possible role in discriminating IBD from irritable bowel syndrome (IBS),
evaluating disease activity, monitoring medication response, and so on.15 Whereas, the elevated levels of FC were not
observed in CD patients even with large ulcers16 and were not a good predictor for IBD activity.9 Besides, CRP, as a non-
specific reactant, was reported to discriminate IBD from IBS accurately. However, its prediction value in UC and
postoperative recurrence of CD was limited.17,18

As mentioned previously, one of the critical characteristics of IBD is the deficit in the resolution of intestinal
inflammation with extraintestinal involvement.19,20 In the last few years, several studies have demonstrated that serum
AGR is a reliable indicator of poor prognosis in inflammatory disease and malignancy. AGR was negatively associated
with chronic inflammation.21,22 As the main protein in human serum, albumin reflects nutritional status and acute-phase
response to inflammation,23 and its levels decrease after the inflammatory stimulus.24 Globulin, another abundant serum
protein, plays an essential part in immunity and inflammation.25 Current research has pointed out that globulin was
positively associated with the severity of chronic inflammation26 and increased in the progressive IBD.14,24 The
decreased albumin and increased globulin will substantially reduce AGR (calculated as albumin/globulin), suggesting
its potential predictive value in inflammatory disease (such as IBD). However, the correlation between serum AGR and
IBD has not been established.

Considering the vital role of inflammation in IBD and the strong association between inflammatory responses and
AGR, we speculated that serum AGR is closely related to the development and severity of IBD, and serum AGR might
hold potential for distinguishing IBD from other GI symptoms and evaluating disease activity.

Materials and Methods
Study Design
This research protocol was approved by the Medical Ethics Committee of Wenzhou Medical University’s First
Affiliated Hospital, Wenzhou, China, and was conducted following the Declaration of Helsinki. Any information
that could lead to patient identity was eliminated, and all data included in this research were anonymized; thus, the
need for informed consent has been waived.27 In this cross-sectional study, 456 patients aged ≥18 years with
a definitive diagnosis of IBD were consecutively screened from the First Hospital of Wenzhou Medical University
from January 2012 to October 2020. Diagnosis of UC and CD was grounded on a combination of clinical manifesta-
tions, laboratory, imaging, endoscopic, and histopathologic results, consistent with the previous consensus.28,29 The
exclusion criteria were as follows: (1) autoimmune disorders; (2) kidney dysfunction; (3) cancer; (4) acute or chronic
infection; (5) hepatic diseases; (6) primary cholangitis; (7) non-classifiable IBD. Eventually, 389 patients with IBD
(UC=179, CD=210) were eligible for study inclusion criteria. During the same period, sex- and gender-matched
controls were found for UC, and CD patients, respectively (Non-UC=123, Non-CD=88), selected from patients
admitted for similar IBD symptoms such as abdominal pain, diarrhea, and other GI symptoms. But they were
diagnosed with other digestive diseases after admission (such as acute gastroenteritis, enterocolitis, irritable bowel
syndrome, gastrointestinal dysfunction, ischemic enteritis, diverticulitis). The clinical disease activity of patients with
CD and UC was evaluated applying the Harvey Bradshaw Index (HBI) score and the Mayo score, respectively, which
were classified as active (HBI: total score ≥ 5; Mayo: total score> 2) and in remission (HBI: total score ≤ 4; Mayo:
total score≤ 2).30–32 Endoscopic disease activity was assessed using Simplified Endoscopic Score for CD (SES-CD)33
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and Mayo endoscopic score34 for UC. Endoscopic scores were obtained based on endoscopy reports written by
experienced gastroenterologists who were blinded from this study. The endoscopic disease activity was defined as
inactive (=0), mild (=1), moderate (=2), severe (=3) disease in both UC and CD.35

Data Collection
The demographic and clinical characteristics were extracted from the electronic medical record system, including age,
gender, body mass index (BMI), current smoking, disease duration, clinical manifestations, medications, histopatholo-
gical results, endoscopy reports and images. The venous blood was obtained and measured within 24h after admission
(fasting). The albumin, CRP, ESR, WBC, Ca2+ were measured using Beckman AU5800 automatic biochemical analyzer.
Serum globulin was obtained by calculating total serum protein minus serum albumin, and AGR was calculated by
albumin/globulin.

Statistical Analysis
SPSS (version 26.0, Chicago, IL) and GraphPad Prism (version 8.0, GraphPad Software, USA) were applied for the
statistical analyses. We used the Kolmogorov–Smirnov test to check the normality of continuous variables. Mean ±
standard deviation expressed the normally distributed variables, while non-normally distributed data were expressed as
medians (interquartile ranges). The numbers and percentages are utilized to represent noncontinuous variables. The chi-
square test was used to compare categorical variables. The Student’s t-test was performed for normally distributed
variables, and non-normally distributed variables were analyzed using the Mann–Whitney U-test. We employed
Spearman’s correlation analysis to verify the relationship between the AGR, BMI, CRP, ESR, WBC and disease activity.
The difference of AGR among the high endoscopic scores group (2 or 3) and the low endoscopic scores group (0 or 1)
was also compared using t-test to explore its correlation with disease severity in endoscopy.5

What’s more, we applied multiple linear regression to estimate the independent predictive ability of serum AGR as
continuous variables and dichotomous variables (truncation value was the median), respectively, on Mayo score and HBI
score. The area under the receiver operating characteristic (ROC) curve (AUC) was used to assess the accuracy of serum
AGR in distinguishing IBD, and the optimal cut-offs for serum AGR were evaluated based on ROC curves using
Youden's index. According to the optimal cut-offs, serum AGR was divided into low AGR and high AGR. Low AGR’s
ability to distinguish IBD from non-IBD was evaluated by multivariate logistic regression analysis to adjust confounding
variables such as age, sex, ESR, CRP, WBC, Ca2+. Results were shown as adjusted odds ratio (OR) (95% confidence
interval (CI)). The p-value of less than 0.05 (two-tailed) was considered statistically significant.

Results
Basic Characteristics of Baseline Data
This study included 179 patients with UC, 123 patients with non-UC, 210 patients with CD, and 88 patients with non-
CD. Gender and age between patients with IBD and non-IBD were not statistically different. Compared to patients with
non-UC, BMI, albumin, AGR, Ca2+ were significantly lower (p < 0.05), while ESR, CRP, WBC were considerably
higher in patients with UC (p < 0.05). Similarly, BMI, albumin, AGR, Ca2+ were significantly lower in patients with non-
CD (p < 0.05), while ESR, CRP, WBC were significantly higher in patients with CD (p < 0.05). Noteworthy, the
proportion of current smokers among IBD (statistically significant in CD) was lower. And other demographic and clinical
characteristics between IBD and the controls are displayed in Table 1.

Serum AGR in IBD and Non-IBD Groups
Serum AGR significantly decreased in UC patients compared with non-UC patients (1.24 ± 0.27 vs 1.45 ± 0.27, p < 0.01).
A similar result was observed in CD and non-CD (1.25 ± 0.30 vs 1.51 ± 0.27, p < 0.01) (Table 1 and Figure 1).
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Correlation Between CRP, ESR, WBC, BMI, and Serum AGR
SerumAGRwas found to be inversely associated with CRP, ESR,WBC levels (r = −0.549, p < 0.001; r = −0.657, p < 0.001;
r = −0.283, p < 0.001), and positively associated with BMI (r = 0.153, p = 0.041) in patients with UC (Table 2, Figure 2).
Likewise, serum AGRwas negatively correlated with CRP, ESR, WBC levels (r = −0.584, p < 0.001; r = −0.700, p < 0.001;
r = −0.231, p = 0.001), and positively associated with BMI (r = 0.192, p < 0.001) in patients with CD.Whereas BMI was not
associated with other inflammatory indicators in both UC and CD. (Tables 2 and 3, Figure 2).

Table 1 Characteristics of Patients with IBD and Non-IBD Cohorts

UC
(n = 179)

Non-UC
(n = 123)

CD
(n = 210)

Non-CD
(n = 88)

Sex (Male/Female) 95/84 63/60 149/61 56/32

Age (yr) 49.20 ± 15.20 46.20 ± 13.80 31.40 ± 10.46 33.28 ± 9.51

BMI (kg/m2) 20.80 (19.20,22.80)a 22.20 (20.00,24.20) 19.10 (17.30,21.40)b 21.60 (19.50,24.50)
Current smoking (n,%) 25 (14.0%) 26 (21.1%) 19 (9.0%)b 17 (19.3%)

Duration years (yr) 1.00 (0.30,4.00) 1.00 (0.50;4.00)

ESR (mm/h) 18.00 (6.00,26.00)a 7.00 (3.00,15.00) 19.00 (9.00,34.00)b 5.50 (2.00,12.00)
CRP (mg/L) 5.45 (2.89,18.34)a 3.13 (2.11,8.91) 9.79 (3.16,28.63)b 3.13 (2.12,9.60)

WBC (109/L) 6.94 (5.53,8.61)a 6.23 (5.10,7.83) 6.50 (5.11,8.37)b 6.26 (5.30,7.98)
Albumin (g/L) 36.99 ± 6.14a 40.25 ± 4.67 38.26 ± 5.53b 41.31 ± 4.40

Globulin (g/L) 30.42 ± 4.51a 28.27 ± 4.06 31.54 ± 5.26b 27.93 ± 4.07

AGR 1.24 ± 0.27a 1.45 ± 0.27 1.25 ± 0.30b 1.51 ± 0.27
Ca2+ (mmol/L) 2.17 (2.10,2.26)a 2.25 (2.16,2.32) 2.21 ± 0.13b 2.25 ± 0.13

Clinical score (n, %)

Remission 9 (5.0%) 78 (37.1%)
Active disease 170 (95.0%) 132 (62.9%)

Endoscopic score (%) 0/1/2/3

5.0/19.0/48.1/27.9

0/1/2/3

17.1/22.9/42.4/17.6
Age at diagnosis (%) A1/A2/A3

2.9/84.2/12.9

Disease Location (%) E1/E2/E3
24.0/33.0/43.0

L1/L2/L3/L4
25.7/33.3/39.5/1.5

Disease behavior (%) B1/B2/B3/P 51.4/20.5/4.8/23.3

Medications (n, %)
5-ASA 162 (90.5%) 64 (30.48%)

Antibiotics 46 (25.7%) 1 (0.48%)

Steroids 53 (29.6%) 26 (12.38%)
Immunosuppression 18 (10.1%) 49 (23.33%)

Biological therapy 8 (4.5%) 106 (50.48%)

Disease categories (n, %)
Acute gastroenteritis 25 (20.3%) 21 (23.9%)

Enterocolitis 32 (26.0%) 28 (31.8%)

Gastrointestinal dysfunction 48 (39%) 34 (38.6%)
Ischemic enteritis 11 (8.9%) 1 (1.1%)

Diverticulitis 7 (5.7%) 4 (4.5%)

Note: ap < 0.05 compared with non-UC; bp < 0.05 compared with non-CD. Endoscopic score: Mayo endoscopic score (UC): 0- inactive, 1- mild, 2- moderate, 3- severe
disease; SES-CD score (CD): 0- inactive- ≤2, 1- mild- 3–6, 2- moderate- 7–15, 3- severe- ≥16. Age at diagnosis, disease location, and behavior were categorized using the
Montreal classification: A (age at diagnosis): A1- ≤16, A2- 17–40, A3- >40; L (location): L1- ileal disease, L2- colonic disease, L3- ileocolonic disease, L4- isolated upper
disease; B (behavior): B1- nonstructuring/ penetrating phenotype, B2- structuring phenotype, B3- penetrating phenotype, P- perianal phenotype. E (extension): E1- ulcerative
proctitis, E2- left-side colitis, E3- extensive colitis. The chi-square test was used to compare categorical variables. Student’s t-test and the Mann–Whitney U-test were used
accordingly. Data were shown as Mean ± standard deviation or medians (interquartile ranges).
Abbreviations: UC, ulcerative colitis; CD, Crohn’s disease; BMI, body mass index; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cell;
AGR, albumin to globulin ratio; SES-CD, Simplified endoscopic activity score for Crohn’s disease.
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Association Between Serum AGR and Disease Activity
Employing the composite IBD endoscopy score,5 serum AGR significantly decreased in the UC patients with high
endoscopic score (2 or 3) compared with low endoscopic score (0 or 1) (p < 0.01, Figure 3), as well as in the CD
patients (p < 0.001, Figure 3). Besides, it has been proved that the Mayo score is widely used in UC due to good
test-retest reliability, responsiveness, and correlating well with clinical features, endoscopic appearances, and
biomarkers of UC activity. Likewise, the Harvey-Bradshaw Index (HBI) score is widely used in CD, which has

Figure 1 The difference in serum AGR between UC patients and non-UC patients, CD patients, and non-CD patients.
Note: **p < 0.01, Student’s t-test.

Figure 2 The correlation between serum AGR and BMI, other inflammation markers. (A) BMI, (B) ESR level, (C) CRP level, (D) WBC level of UC patients were shown by
scatter plot; the correlation between serum AGR and (E) BMI, (F) ESR level, (G) CRP level, (H) WBC level of CD patients were shown by scatter plot.
Note: Spearman correlation analysis was used.
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great construct validity employing clinical and biochemical evaluation.36 Therefore, we conducted the correlation
analysis and established the regression model using the HBI and Mayo score to evaluate disease activity. There was
a highly negative correlation between serum AGR and Mayo score in patients with UC (r = −0.413, p < 0.001,
Table 2 and Figure 4), similarly between serum AGR and HBI score in patients with CD (r = −0.471, p < 0.001,
Table 3 and Figure 4). In addition, we found that CRP, ESR and WBC levels were positively associated with disease
activity in patients with UC (r = 0.342, p < 0.001; r = 0.352, p < 0.001; r = 0.243, p = 0.001, Table 2), as well as in
patients with CD (r = 0.696, p < 0.001; r = 0.479, p < 0.001; r = 0.307, p < 0.001, Table 3). We conducted multiple
linear regression to explore further whether serum AGR was an independent predictor of IBD disease activity. The
linear regression unadjusted model indicated that serum AGR below-median (≤ 1.28) and Ca2+ were negatively
related to Mayo score. In contrast, CRP, ESR, WBC were positively related to Mayo score in patients with UC
(model 1: unadjusted p < 0.05, Table 4). After adjusting age, gender, BMI, current smoking, disease duration,
disease extension, CRP, ESR, WBC, Ca2+, only serum AGR below-median (≤ 1.28) remained independently related

Figure 3 Distributions between serum AGR and endoscopic score in IBD patients. (A) Mayo endoscopic score in UC patients (0 or 1, n = 43; 2 or 3, n = 136), (B) SES-CD
score in CD patients (0 or 1, n = 84; 2 or 3, n = 126). AGR was shown by binary ordered endoscopic disease activity, using a composite IBD endoscopy score (0 or 1
indicating inactive or mild disease and 2 or 3 indicating moderate or severe disease, respectively).
Note: **p < 0.01, ***p < 0.001. Student’s t-test.

Table 2 Correlation Between BMI, Serum Biomarkers, and Disease Activity in UC Patients

Parameters AGR CRP ESR WBC

r p-value r p-value r p-value r p-value

AGR – – – – – – – –
CRP −0.549 < 0.001 – – – – – –

ESR −0.657 < 0.001 0.621 < 0.001 – – – –

WBC −0.283 < 0.001 0.336 < 0.001 0.286 < 0.001 – –
Mayo score −0.413 < 0.001 0.342 < 0.001 0.352 < 0.001 0.243 0.001

BMI 0.153 0.041 0.028 0.710 −0.076 0.314 −0.045 0.549

Note: Spearman correlation analysis was used.
Abbreviations: UC, ulcerative colitis; AGR, albumin to globulin ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; BMI, body
mass index.
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to Mayo score (model 2: β = −0.196, p = 0.026, Table 4). Similar results were found in patients with CD. There was
an inverse association between serum AGR below-median (≤ 1.24), Ca2+, and HBI score. In contrast, a positive
association between CRP, ESR, WBC, and HBI score without adjustment (model 1: unadjusted p<0.05, Table 5).
After adjusting the confounding variables in CD, serum AGR below-median (≤ 1.24) also independently associated
with HBI score (model 2: β = −0.162, p = 0.022, Table 5). Furthermore, as a continuous variable, serum AGR
remained significant after adjusting confounding variables in the assessment of disease activity in both UC and CD
patients (model 2: β = −0.244, p = 0.017, Table 4; model 2: β = −0.204, p = 0.007, Table 5, respectively). In
addition, CRP was an independent predictor for disease activity in patients with CD (model 2: β = 0.356, p < 0.001,
Table 5).

Value of Serum AGR to Discriminate IBD from Non-IBD Group
ROC analyses were used to assess the ability of serum AGR to distinguish IBD from non-IBD patients. According to
the ROC curve, the optimum cut-off value for serum AGR as a diagnostic marker of UC and CD was 1.413 and 1.262,
respectively (sensitivity 0.545, specificity 0.754, AUC = 0.701, 95% CI 0.643–0.759, p < 0.001; sensitivity 0.864,
specificity 0.533, AUC = 0.759, 95% CI 0.702–0.815, p < 0.001; respectively, Figure 5). The multiple logistic
regression analysis showed that low serum AGR below the optimal cut-off was the risk factor with UC and CD
patients (≤ 1.413, ≤ 1.262, respectively) without adjustment (unadjusted: OR 3.671, 95% CI 2.245–6.002, p < 0.001;
unadjusted: OR 7.238, 95% CI 3.717–14.095, p < 0.001; respectively, Figure 6). After adjusting for age and gender,
low serum AGR remained the risk factor in both UC and CD (Model 1: OR 3.788, CI 2.260–6.348, p < 0.001; Model
1: OR 7.592, CI 3.865–14.914, p < 0.001; respectively, Figure 6). After further adjusting for BMI, current smoking,

Table 3 Correlation Between Serum Biomarkers and Disease Activity in CD Patients

Parameters AGR CRP ESR WBC

r p-value r p-value r p-value r p-value

AGR – – – – – – – –

CRP −0.584 < 0.001 – – – – – –
ESR −0.700 < 0.001 0.677 < 0.001 – – – –

WBC −0.231 0.001 0.381 < 0.001 0.329 < 0.001 – –

HBI score −0.471 < 0.001 0.696 < 0.001 0.479 < 0.001 0.307 < 0.001
BMI 0.192 < 0.001 −0.069 0.323 −0.111 0.109 −0.061 0.383

Note: Spearman correlation analysis was used.
Abbreviations: CD, Crohn’s disease; AGR, albumin to globulin ratio; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; BMI, body mass
index. Spearman correlation analysis was used.

Figure 4 Correlation between serum AGR and Mayo score in UC patients (A), HBI score in CD patients (B) by using a scatter plot.
Note: Spearman correlation analysis was used.
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ESR, CRP, WBC, Ca2+, low AGR still was an independent risk factor with UC and CD (Model 2: OR 2.564, CI
1.433–4.587, p = 0.002; Model 2: OR 3.732, CI 1.640–8.492, p = 0.001; respectively, Figure 6).

Discussion
The initial idea of the present study was to discover a novel IBD-specific biomarker that can help distinguish IBD from
other patients with GI symptoms. To our knowledge, it is the first time to explore the correlation between AGR and IBD.

Table 5 Linear Regression Analysis of Serum AGR with Disease Activity in CD Patients

Model 1a p-value Model 2b p-value

Standardized Coefficients β (95% CI) Standardized Coefficients β (95% CI)

AGR −0.430 (−5.772, −3.196) < 0.001 −0.204 (−3.674, −0.581) 0.007
AGR≤1.24 −0.396 (−3.210, −1.666) < 0.001 −0.162 (−1.844, −0.145) 0.022

CRP 0.523 (0.042, 0.066) < 0.001 0.356 (0.022, 0.051) < 0.001
ESR 0.431 (0.054, 0.097) < 0.001 0.083 (−0.013, 0.042) 0.296

WBC 0.282 (0.210, 0.573) < 0.001 0.040 (−0.114, 0.225) 0.517

Ca2+ −0.186 (−7.852, −1.271) 0.007 −0.010 (−3.233, 2.756) 0.875

Note: Model 1a: unadjusted. Model 2b: adjusted for age, gender, BMI, current smoking, disease duration, disease localization, disease behavior, CRP, ESR, WBC, Ca2+.
Abbreviations: CD, Crohn’s disease; CI, confidence interval; BMI, body mass index; AGR, albumin to globulin ratio; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; WBC, white blood cell.

Figure 5 Receiver operator characteristic analysis of albumin to globulin ratio for distinguishing UC from non-UC (A) and CD from non-CD (B).

Table 4 Linear Regression Analysis of Serum AGR with Disease Activity in UC Patients

Model 1a p-value Model 2b p-value

Standardized Coefficients β (95% CI) Standardized Coefficients β (95% CI)

AGR −0.411 (−5.083, −2.568) < 0.001 − 0.244 (−4.119, −0.414) 0.017

AGR≤1.28 −0.352 (−2.485, −1.078) < 0.001 − 0.196 (−1.865, −0.119) 0.026
CRP 0.267 (0.010, 0.033) < 0.001 0.030 (−0.011, 0.016) 0.727

ESR 0.335 (0.029, 0.072) < 0.001 0.132 (−0.007, 0.047) 0.139

WBC 0.220 (0.056, 0.273) 0.003 0.073 (−0.061, 0.170) 0.351
Ca2+ −0.284 (−7.868, −2.611) < 0.001 − 0.144 (−5.537, 0.214) 0.069

Note: Model 1a: unadjusted. Model 2b: adjusted for age, gender, BMI, current smoking, disease duration, disease extension, CRP, ESR, WBC, Ca2+.
Abbreviations: UC, ulcerative colitis; CI, confidence interval; BMI, body mass index; AGR, albumin to globulin ratio; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; WBC, white blood cell.
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Our research demonstrated that low serum AGR was independently related to the presence and the disease activity
of IBD.

Serum AGR is the calculated ratio of serum albumin to serum globulin. Serum albumin, a negative acute-phase
reactant, is widely applied to evaluate the inflammatory and nutritional condition of the human body.37,38

Hypoalbuminemia is correlated with malnutrition, hepatopathy, kidney disease, and all kinds of inflammation.22,39,40

Low serum albumin was associated with severe colitis and can help the early decision-making process for colectomy or
intravenous cyclosporine Treatment.13,41 Globulin level is closely related to the individuals’ immune and inflammatory
state.22,37 Globulin consists of various immunoglobulins and acute-phase proteins such as CRP, amyloid A protein, α1
antitrypsin.42 In chronic inflammation, these globulin components are upregulated with the stimulation of pro-
inflammatory cytokines, like IL-6 and TNF-α.23,42 Previous studies reported that increased immunoglobulin and acute-
phase proteins, including CRP, amyloid A protein, α1 antitrypsin, were significantly elevated in active IBD.14,43 In
addition, increased serum β2-microglobulin was associated with the activity of IBD.7 Shiraishi et al44 found a positive
association of endoscopic activity and a negative association of mucosal healing with serum globulin in patients with UC.
Serum AGR, as a predictor, was widely applied in the evaluation of malignancies and inflammation. In the last few years,
a considerable volume of published research has described that low serum AGR was a negative predictor of overall
survival rate in multiple malignant tumors, including breast cancer,45 gastric cancer,46 cholangiocarcinomas,47 and so on.
Chronic inflammation is correlated with AGR, and current studies manifested that AGR was an essential predictive factor
of mortality about chronic kidney disease,22,40 rheumatoid arthritis, and bronchiectasis,48 acute exacerbation of chronic
obstructive pulmonary disease (COPD),49 coronavirus disease-19 (COVID-19),50 microscopic polyangiitis51 and so on.
Overall, the reverse relationship between globulin and albumin in the inflammatory and Infectious responses drastically
reduced the AGR, implying that the AGR is a strong indicator of the inflammatory state and infection. In the present
study, we have also identified this association in IBD. In addition, the advantage of the AGR over albumin and globulin
alone is that it terrifically eliminates the effects of dehydration and fluid retention, which is prevalent in IBD patients.52

AGR is a ratio instead of an absolute value. It can provide a true reflection of the nutritional and inflammatory status of
the body.22,37,47 Moreover, AGR was a promising predictor because it’s readily accessible and cheap in clinical
applications.

The possible mechanism to explain this correlation has not been elucidated yet. We speculated that AGR could reflect
the inflammation response in the digestive tract and the nutritional status of IBD patients. Our study demonstrated that

Figure 6 Multivariate adjusted odds ratios for distinguishing inflammatory bowel disease (UC and CD) from non-inflammatory bowel disease. Unadjusteda: unadjusted
model. Model 1b: adjusted for age, sex. Model 2c: adjusted for covariates from Model 1 and adjusted for BMI, current smoking, ESR, CRP, WBC, Ca2+.
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serum AGR was correlated with CRP, ESR, and WBC (both served as markers of inflammation), and low serum AGR
was associated with severe endoscopic inflammation, supporting the potential connection of serum AGR with inflamma-
tion. What’s more, numerous studies have shown that immune cells and cytokines play a significant role in the
pathogenesis of IBD. Abnormal intestinal microbiota or antigen activate immune cells, such as macrophages, T cells,
and innate lymphoid cells (ILCs), producing large amounts of cytokines, both pro-and anti-inflammatory, which regulate
inflammatory processes.53–55 The pro-inflammatory cytokines, such as IL-1, IL-6, IL-8, TNF-α activate immune cells and
nonimmune cells to produce more pro-inflammatory cytokines, triggering immune and inflammatory cascade reactions.
Cytokines not only boosted intestinal inflammation but elicited systemic effects in IBD patients, such as hypoproteinemia
by decreasing albumin mRNA expression and reducing albumin synthesis in hepatocytes.56 These cytokines also affect
the capillary and increase vascular permeability, promoting the loss of albumin and accelerating albumin degradation in
extravascular space like the intestinal tract.57–59 Furthermore, the increased permeability to antigens could stimulate
antibody formation and elicit elevated immunoglobulins,43,60 which could partially account for the high serum globulin
levels. In short, one underlying mechanism could be the inflammation in IBD contributing to hypoalbuminemia and
elevated globulin levels.

Additionally, malnutrition occurred frequently in patients with IBD (especially with CD) due to oral intake reduction,
malabsorption, nutrient losses from the gastrointestinal tract, and medication side effects.61 Diet is one of the critical
factors in forming a normal intestinal microenvironment, and current studies have reported its possible association with
IBD.62,63 Dietary patterns can exert either anti-inflammatory or pro-inflammatory effects.63 A dietary pattern character-
ized by red meat, finely processed foods, and saturated fatty acids,64 might trigger a pro-inflammatory environment by
altering gut microbiota and impairing gut barrier function. High fat, high sugar, low fiber, gluten may also influence the
dynamic balance of host immunity by increasing intestinal permeability, increasing pro-inflammatory markers, and
decreasing Treg cell levels.62–64 However, short-chain fatty acids (SCFA) contribute to the diversity of the intestinal
microbiota64 and play an immunomodulatory role in intestinal inflammation, including reducing chemokines production
by neutrophils and macrophages and inhibiting the expression of inflammatory mediators such as cytokines and adhesion
molecules.62 Recently, diet therapy has been widely studied in the treatment of IBD (especially in children).64,65 Besides,
it has been reported that most patients changed their diet after being diagnosed with IBD,66 and restrictive diet behaviors
and reduced appetite increase the risk of malnutrition.65

BMI and serum albumin have been widely used readouts to evaluate the nutritional status and have the greatest
predictive value among different indicators of malnutrition in patients with active IBD. In the present study, BMI and
serum levels of albumin were lower among IBD patients, and BMI was positively associated with serum AGR rather than
CRP, ESR, WBC in the IBD population, indicating that AGR could be more exclusively affected by malnutrition in IBD,
which may partially support our hypothesis of malnutrition. So we speculate that AGR has the potential advantage over
other inflammatory markers because it may reflect both inflammation and nutritional status. What’s more, the complex
interactions between inflammatory cytokines release and nutrients have been expounded. Firstly, the inflammation
response of IBD patients could affect nutrition status. Appetite suppression caused by inflammation may be mediated
by increased release of IL-1 from the inflamed gut and central 5-hydroxytryptamine release.67,68 Secondly, nutrients may
modulate inflammatory responses through the intestinal ecosystem and act as cell membrane components to mediate the
expression of proteins involved in inflammatory processes, such as cytokines, adhesion molecules, inducible nitric oxide
synthase (iNOS).69 Micronutrient deficiencies are more common in malnourished patients (such as IBD).66

Micronutrients may be essential for tissue repair, oxidative stress resistance, and lipid peroxidation inhibition.69 For
example, it has been demonstrated that vitamin D plays a critical role in immunity and its levels are negatively correlated
with intestinal inflammation. Vitamin D receptors are found in macrophages, T cells, and other immune cells, which
strengthen anti-inflammatory effects and reduce the production of pro-inflammatory factors. Zinc is a cofactor for several
enzymes and exerts anti-inflammatory effects by protecting against free radical-mediated cell damage.67,70 Future studies
about comprehensive nutritional assessments are warranted to verify the relationship between nutrition and AGR,
including clinical, anthropometric, and body composition.

In this study, it was interesting to discover that serum CRP and ESR were more related to disease activity than AGR
in CD patients (correlation analysis). Still, only CRP and AGR remained significant after adjustment. In contrast, AGR
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appeared to be more relevant to disease activity than CRP and ESR in UC patients, and only AGR was an independent
predictor. To summarize, CRP levels seemed to be more associated with disease activity of CD patients than UC patients,
which is consistent with the previous studies.12,14 Nevertheless, AGR correlates well with disease activity in both CD
patients and UC patients.

To date, abundant biomarkers were examined in IBD diagnosis and disease activity in IBD, but none was ideal. Fecal
calprotectin is a significant fecal marker for IBD, while it has not been promoted and applied in many hospitals because of its
high cost and time-consuming. CRP is more suitable for diagnosing CD than UC, and the interindividual differences of genes
lead to the variation of CRP production.14,71 ESR is not fast enough to peak, and the response to inflammatory changes was
slower.14 Compared to them, AGR may become a promising candidate to help clinicians to differentiate IBD and evaluate
disease activity in IBD because it is a fast, tolerable, cheap, and conveniently accessible marker.

Intriguingly, the proportion of current smoking was lower in both UC and CD patients than other GI symptom
controls, replicating several studies in China.72,73 Though it is generally believed that current smoking could be risky for
CD but protective in UC,74 it might be heterogeneity across race, diet, and geography that might account for this
inconsistency.73,75 More importantly, the present study included other GI symptoms patients instead of healthy indivi-
duals as control, which could be another reason for this difference.

There are some limitations to our research. First, our sample size is a bit small. It might exist some confounders not
included affecting the result. Second, this was a cross-sectional study from a single center, which would have some
selective bias. In the future, a prospective study with a larger scale is required to verify our results and explore the
relationship between AGR and the prognosis/reoccurrence of IBD. Third, our research may not be extrapolated to all age/
region/racial groups due to the study design. Finally, we did not record the diet information in patients with IBD, and
cytokines were not measured to assess disease activity. In addition, because our results and speculation were descriptive
and preliminary, comprehensive nutritional assessment and cytokines measurement in IBD patients should be conducted
to provide additional information.

Conclusion
In conclusion, our study demonstrates that low serum AGR is associated with active disease in IBD patients, and serum
AGR can help distinguish IBD patients from patients with other GI symptoms. AGR may become a promising candidate
to help clinicians differentiate IBD and evaluate disease activity in IBD. Although the mechanisms involved still need
much clarification, the inflammation and nutritional status might be the future directions to explore.

Abbreviations
UC, ulcerative colitis; CD, Crohn’s disease; AGR, albumin to globulin ratio; BMI, body mass index; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; WBC, white blood cell; SES-CD, Simplified Endoscopic Activity Score for
Crohn’s Disease; OR, odds ratio; CI, confidence interval.
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