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Abstract
The aim was to evaluate predictors of clinical outcomes in infliximab (IFX)-treated Crohn’s disease (CD) patients in western 
China and provide evidence for future treatment optimization. Our retrospective study included CD patients at Chongqing 
General Hospital from July 2022 to July 2023. Clinical data of CD patients at baseline and the endpoint (the seventh IFX 
treatment, 38 weeks) were collected. Baseline variables of IFX-treated patients with regard to clinical remission [Crohn's 
Disease Activity Index (CDAI) < 150] at endpoint were assessed, and the correlation of serum vitamin D (Vit-D) levels 
before initiating IFX therapy and CDAI at week 38 was analyzed. Sixty patients with IFX-treated CD were included. The 
Vit-D-deficient rate was 51.7% at baseline, 81.7% of patients achieved clinical remission, and 66.7% achieved endoscopic 
remission at week 38 of IFX treatment. Vit-D level at baseline was an independent predictors of clinical remission after IFX 
treatment (P < 0.05). Receiver operating characteristic curve analysis showed that when Vit-D concentration was 15.81 ng/
ml, the area under the curve was 0.711 (95% CI 0.523–0.899, P = 0.03). The sensitivity and specificity were 81.6% and 
63.6%, respectively. Vit-D level in the normal BMI, non-smoking, immunosuppressant-treated subgroup had independent 
predictive value for CDAI at endpoint (P < 0.05). Baseline Vit-D level predicted clinical remission in CD patients after IFX 
treatment, especially in those with normal body mass index, who do not smoke, and who take IFX in combination with 
immunosuppressants.
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Introduction

Inflammatory bowel diseases (IBDs) comprise a group of 
chronic inflammatory conditions of the gastrointestinal tract, 
which include Crohn’s disease (CD) and ulcerative colitis 
(UC) [1]. It is estimated that the disease affects up to about 
3 million people in Europe, where the annual incidences of 
IBD are 24.3 cases/100,000 for UC and 12.7 cases/100,000 
for CD [2–4]. China has the highest number of CD diagnoses 
in Asia (3.44 per 100,000 individuals) [5, 6].

Biologic agents against tumor necrosis factor-alpha 
(TNF-α) have dramatically improved the response and 
remission rates of CD and UC. Nevertheless, over time, a 
loss of response to anti-TNF-α therapy results in clinical 
relapse and disease progression. It is estimated that 30% of 
IBD patients lose response to the infliximab (IFX) through-
out therapy [7]. Therefore, additional treatments, which 
could increase or maintain the efficacy of the anti-TNFα 
antibody treatment response, are of great importance [8].
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In recent years, research has found that in IFX-treated 
IBD patients, vitamin D (Vit-D) levels were correlated with 
IFX plasma trough concentrations (TC) and both parameters 
were associated with remission. Serum Vit-D level may be 
a predictive marker in addition to drug TC in IBD patients 
treated with IFX [9]. However, clinical studies evaluating 
response to anti-TNF therapy and 25-hydroxyvitamin D(25-
OHD) levels are limited and inconsistent. Most studies have 
found that Vit-D is associated with IFX treatment outcomes 
in CD patients [9–11], while two studies proposed opposite 
views [12, 13]. Yet, one of the two studies still put forward 
an association with the two at extreme Vit-D deficiency 
[12]. These studies have different conclusions due to differ-
ent study designs, different countries and study populations.

In western China, latitude and sunshine are associated 
with higher levels of Vit-D deficiency. According to a study 
that included 2,317 healthy people in western China, the 
median 25-OHD level for all participants was 23.41 ng/mL 
(range 2.06 ng/mL-88.69 ng/mL). Of all samples, 35.5% 
and 38.6% were found to be Vit-D deficient and insuffi-
cient, respectively. Only 25.9% participants had sufficient 
Vit-D [14]. In addition, the western region of China is rela-
tively backward in China due to economic development, the 
median diagnosis time of IBD, extra-intestinal manifesta-
tion, and perianal disease of patients in the western region 
are higher than those in the eastern region, and patients' diet, 
genetic susceptibility, health resources, attitudes toward dis-
ease, and the availability of treatments and other factors also 
have an important impact on the disease [15]. Therefore, it 
is valuable to carry out clinical studies on the relationship 
between Vit-D and IFX clinical efficacy in western China in 
order to bolster the evidence in this field.

As a result, we aimed to determine, firstly, the baseline 
variables of IFX-treated patients with regard to clinical 
remission and, secondly, the correlation of serum Vit-D 
levels before initiating IFX therapy with clinical remission 
at week 38.

Methods

Study design

This study adopted a retrospective investigation method and 
collected clinical data of patients in a Crohn's disease patient 
database at the Gastroenterology Department of Chongqing 
General Hospital from July 2022 to July 2023, according to 
the inclusion and exclusion criteria specified below. This 
study was approved by the Ethics Committee of Chongqing 
General Hospital (No. KY S 2022-023-01).

Inclusion criteria

1. CD patients diagnosed under the consensus on inflamma-
tory bowel disease in China [16]; 2. over 18 years old and 
under 60 years old; 3. IFX was used for initial treatment; 4. 
patients with the records of baseline 25-hydroxyvitamin D 
levels (before the first IFX treatment); and 5. patients with 
recorded the Crohn's Disease Activity Index (CDAI) score at 
the endpoint of week 38 (the seventh IFX treatment). Exclu-
sion criteria: 1. Patients without regular follow-up; 2. Vit-D 
and calcium supplementation; 3 months prior to the first IFX 
treatment; 3. history of glucocorticoid use 3 months before 
the first IFX treatment; and 4. patients with other infectious 
diseases, severe or chronic cardiovascular, respiratory, uri-
nary, endocrine, reproductive, skeletal, muscular, neurologi-
cal, or other systemic disorders.

The clinical data of CD patients were collected. At 
baseline(before the first IFX treatment), the collected clini-
cal data included course of disease, clinical symptoms, intes-
tinal and perianal surgery, combined immunosuppressant 
(IMM), Montreal classification, CDAI scores, simple endo-
scopic score for Crohn’s disease (SES-CD), inflammatory 
indicators, nutritional indicators, liver and kidney function, 
electrolytes, fasting blood glucose (FBG), blood lipids, and 
antinuclear antibodies (ANA). At the fourth IFX treatment, 
therapeutic drug monitoring (TDM) and anti-antibody con-
centration (ATI) were included. At the endpoint (the seventh 
IFX treatment, 38 weeks), CDAI scores, SES-CD, inflam-
matory indicators, and nutritional indicators were collected.

Clinical outcome assessment (including clinical remis-
sion, biochemical remission, endoscopic remission, clini-
cal response, and endoscopic response) was performed at 
week 38. Patients were divided into remission group and 
non-remission group according to clinical remission criteria, 
and the relationship between all baseline indicators, TDM, 
ATI, and clinical remission was analyzed in both groups.

Therefore, 149 patients were initially included, and 14 
were excluded due to Vit-D deficiency data (n = 13) and 
Vit-D treatment (n = 1); 135 eligible patients enrolled. Of 
these, 28 patients who had no follow-up data were excluded 
(23 lacked of efficacy, 21 lacked of Vit-D data, and 8 
received Vit-D treatment), and between the 4th IFX and the 
7th IFX treatment, 47 patients were excluded (24 lack of 
efficacy, 23 lack of Vit-D data, and 33 lack of CDAI scores). 
(See flowchart of participants and data in Supplementary 
Figure S1).

Clinical evaluation and classifications

IFX therapeutic doses are calculated from 5 to 10 mg/kg, 
meeting both the dose range and the entire infusion accord-
ing to IFX specifications (100 mg/ea). Treatment intervals 
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followed standard intervals: weeks 0, 2, and 6 in the induced 
remission period and every 8 weeks in the maintained remis-
sion period.

Peripheral blood 25-OHD was detected using chemi-
luminescence in the laboratory of the Chongqing General 
Hospital. The cutoff concentration for Vit-D deficiency was 
based on the Endocrine Society Clinical Practice Guidelines 
2011 [17]: Patients with 25-OHD levels < 20 ng/mL were 
considered Vit-D deficient, those with > 30 ng/mL were clas-
sified as Vit-D sufficient, and those with 20–30 ng/ml were 
classified as Vit-D insufficient.

TDM of IFX was performed before the fourth IFX 
treatment using a fluorescence immunochromatography 
IFX detection kit (Suzhou Herui BioMed Co., Ltd.) at the 
Suzhou Herui IBD Diagnostic Technology Research Center. 
Concentrations ≥ 3ug/mL were considered sufficient [16]. 
ATI < 20 ng/mL was defined as negative [18]. The ATI 
detection kit (Suzhou Herui BioMed Co., Ltd.) is a quan-
titative fluorescence immunochromatographic assay tool.

At the endpoint (the seventh IFX treatment, 38 weeks), 
a CDAI score of < 150 was used as the clinical remission, 
a CDAI decrease of ≥ 70 (between baseline and the seventh 
IFX treatment) was used as the clinical response, a CRP < 5 
was used as the biochemical remission, SES-CD ≤ 4 was an 
endoscopic remission, and SES-CD decrease ≥ 50% was an 
endoscopic response [19–22].

Statistical analysis

SPSS 26.0 statistical software was used for data analysis. 
The Shapiro–Wilk test was used to conduct normality test 
for each variable. Measurement data conforming to normal 
distribution were represented by mean ± standard devia-
tion (SD); independent sample t test was used for inter-
group comparison; non-normal data were represented by M 
(Q1,Q3); and nonparametric test was used for inter-group 
comparison. Categorical data use case (%) representation. 
Univariate analysis was carried out for each indicator, and 
the indicator with P < 0.1 was taken as a significant vari-
able and included in logistic or linear regression analysis. 
P < 0.05 was considered statistically significant. Subgroup 
analysis was carried out to explore the heterogeneity of treat-
ment effects and influencing factors among different patient 
populations. ROC curve analysis was performed between 
the above subgroup variables and the endpoint CDAI out-
come. P-values < 0.05 in the final multivariate model were 
considered significant.

Results

Demographic characteristics

A total of 60 patients with CD met the inclusion and exclu-
sion criteria. (See flowchart of participants and data in 
Supplementary Figure S1.) Patients with a median age of 
27 years were enrolled in the study, and all received IFX 
therapy. The male-to-female ratio was 2.75 (44:16), the 
median Body Mass Index (BMI) was 19.97 kg/m2, and the 
median duration of disease was 3.81 years. 23.3% of the 
patients smoked and 60% had a bachelor's degree or above.

The rates of Vit-D deficiency and insufficiency were 
51.67% and 40%, respectively. The main clinical symptoms 
were abdominal pain (60%) and diarrhea (45%), and 35% of 
patients received IMM in combination (including 85% who 
received azathioprine). According to the Montreal classifica-
tion, the diagnosed age was mostly A2, the affected intestinal 
location was mostly L3, the disease behavior was mostly 
B1, and 60% had perianal lesions. 28.3% of the patients had 
undergone intestinal surgery, and 58.3% had undergone peri-
anal surgery.

Treatment efficiency was evaluated before the seventh 
IFX treatment. 81.7% of patients achieved clinical remission, 
and 28.3% achieved biochemical remission. Endoscopic re-
examination was performed in 42 patients, of whom 66.7% 
achieved endoscopic remission and 42.9% achieved endo-
scopic response (Table 1).

Baseline variables associated with clinical remission

Patients were divided into clinical remission (n = 49) and 
non-remission (n = 11) groups according to whether their 
CDAI score was < 150 at the endpoint. Among the two 
groups, the clinical non-remission group had a higher pro-
portion of IMM than the remission group (81.8% vs. 24.5%, 
P = 0.001), but other demographic measures were not sta-
tistically different between the two groups (Supplementary 
materials).

Baseline biochemical markers (including inflammatory 
indicators such as C-reactive protein(CRP), erythrocyte 
sedimentation rate (ESR), high-sensitivity C-reaction pro-
tein (hs-CRP), blood routine indicators, liver and kidney 
function, electrolyte, micronutrient indicators (including 
Vit-D)), TDM, and ATI before the fourth IFX treatment 
were analyzed in both groups to identify baseline factors 
effect on clinical remission at week 38. The median IFX-TC 
was 4 μg/mL in the remission group and 2.1 μg/mL in the 
non-remission group(P = 0.061), indicating a higher drug 
concentration is associated with remission. Furthermore, 
the positive rate of ATI in remission group was lower than 
that in non-remission group (6.12% vs. 36.36%, P = 0.012), 
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indicating neutralizing antibodies to IFX negatively cor-
related with successful treatment. Baseline Vit-D levels 
were higher in the clinical remission group than in the non-
remission group (20.92 ng/ml vs. 16.43 ng/ml, P = 0.036), 
suggesting a protective effect of high resting Vit-D. Median 
CRP and hs-CRP levels were lower (12 mg/l vs.79.4 mg/l, 
P = 0.003; 21.71 mg/l vs. 66.55 mg/l, P = 0.016) and lower 
median ESR level (17 mm/h vs. 42 mm/h, P = 0.003). In 
addition, there were statistically significant differences in 
red blood cell (RBC), hemoglobin (Hb), prealbumin (PA), 
urea nitrogen (BUN), and blood Ca between the two groups 
(P < 0.05) (Table 2).

The above indicators were incorporated into logistic 
regression for multivariate regression analysis, and the 

Table 1   Demographic characteristics

Variables Total, n (%) or µ (IQR)

Number of patients 60
Age (y) 27  (22.25–34)
Gender
Female (%) 16  (26.7)
Male (%) 44 (73.3)
Height (m) (mean ± SD) 1.67 ± 0.08
Weight (Kg) (mean ± SD) 54.8 ± 9.49
BMI 19.97 ± 2.88
Underweight (%) 22 (36.7)
Normal weight (%) 35 (58.3)
Pre-obese (%) 2 (3.3)
Obese (%) 1 (1.7)
Vit-D
Deficiency (%) 31 (51.67)
Insufficiency (%) 24 (40)
Sufficiency (%) 5 (8.33)
Provinces
Chongqing (%) 52 (86.7)
Sichuan (%) 5 (8.3)
Yunnan (%) 3 (5)
Employment situation
Unemployed (%) 26 (43.3)
Employed (%) 34 (56.7)
Occupation
Indoor (%) 58 (96.7)
Outdoor (%) 2 (3.3)
Marital status
Unmarried (%) 32 (53.3)
Married (%) 26 (43.3)
Divorced (%) 2 (3.3)
Smoking status
No (%) 46 (76.7)
Yes (%) 14 (23.3)
Education background
Primary school, n (%) 1 (1.7)
Middle school (%) 10 (16.7)
Senior high school (%) 13 (21.7)
University and above (%) 36 (60)
Course of disease(y) (IQR) 3.81 (2.4–6.61)
Clinical symptoms
Abdominal 36 (60)
Diarrhea 27 (45)
Hematochezia 3 (5)
Crissum diseases 4 (6.7)
Extraintestinal manifestations 2 (3.3)
Fever 1 (1.7)
Intestinal surgery, n (%)
No 43 (71.7)
Yes 17 (28.3)

y: year; m: meter; kg, kilogram; SD, standard deviation; BMI, body 
mass index; IQR, interquartile range; IMM, immunosuppressant

Table 1   (continued)

Variables Total, n (%) or µ (IQR)

Perianal surgery, n (%)
No 25 (41.7)
Yes 35 (58.3)
IMM
No 39 (65)
Yes 21 (35)
IMM type
Azathioprine 17 (85)
Methotrexate 2 (10)
Thalidomide 1 (5)
Diagnosis age, n (%)
A1 ≤ 16 y 0 (0)
A2 17–40y 52 (86.7)
A3 > 40y 8 (13.3)
Disease extent, n (%)
L1 10 (16.7)
L2 10 (16.7)
L3 39 (65)
L3 + L4 0 (0)
L2 + L4 1 (1.7)
Behavior, n (%)
B1 37 (61.7)
B2 19 (31.7)
B3 4 (6.7)
Perianal lesions
No 24 (40)
Yes 36 (60)
Clinical remission 49 (81.7)
Biochemical remission 17 (28.3)
Clinical response 7 (11.7)
Endoscopic remission 28 (66.7)
Endoscopic response 18 (42.9)
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Table 2   Analysis of differences 
in clinical factors between the 
two groups

OR, odds ratio; Vit-D: vitamin D; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hs-
CRP, high-sensitivity C-reactive protein; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; 
MCV, mean corpuscular volume; PLT, platelet; PA, prealbumin; ALB, albumin; AST, glutamic oxalacetic 
transaminase; ALT, glutamic pyruvic transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyl 
transpeptidase; TBil, total bilirubin; DBil, direct bilirubin; TBA, total bile acid; BUN, urea; Cr, creatinine; 
UA, uric acid; Cys-C: cystatin C; VB12, vitamin B12; EPO, erythropoietin; TC, cholesterol; TG, triglycer-
ides; FBG, fasting blood glucose; ANA, antinuclear antibodies; IFX, infliximab; TC, trough concentration; 
ATI, anti-TNFα antibody

Analyte Remission group (n = 49) Non-remission group (n = 11) OR (95% CI) P

Vit-D 20.92 ± 6.15 16.43 ± 5.7 0.861 (0.749–0.991) 0.036
CRP 12 (5–46) 79.4 (29.5–106.9) 1.028 (1.01–1.047) 0.003
ESR 17 (9–29.5) 42 (27–63) 1.053 (1.017–1.089) 0.003
Hs-CRP 21.71 (2.61–54.39) 66.55 (20.15–95.85) 1.023 (1.004–1.041) 0.016
WBC 6.61 (5.23–8.77) 8.02 (6.33–8.51) 1.187 (0.903–1.56) 0.22
RBC 4.63 ± 0.6 4.9 ± 0.93 0.268 (0.091–0.785) 0.016
Hb 121.52 ± 22.1 98.73 ± 23.59 0.956 (0.923–0.99) 0.011
MCV 82.7 (76.45–89.55) 79.9 (72.7–82.7) 0.986 (0.933–1.042) 0.614
PLT 349.77 ± 123.4 394.36 ± 107.79 1.003 (0.998–1.008) 0.272
PA 170 (150–248.5) 134 (102–152) 0.974 (0.954–0.994) 0.011
ALB 41.7 (37.65–45.15) 35.7 (33.7–41) 0.933 (0.857–1.016) 0.11
AST 14.6 (11.4–20.55) 12 (10.2–13.4) 0.93 (0.828–1.045) 0.222
ALT 11.1 (7.75–21.45) 8.1 (4.7–8.7) 0.923 (0.831–1.025) 0.136
ALP 72.6 (60.45–93.55) 75.3 (70–83.4) 1.004 (0.98–1.03) 0.727
GGT​ 20.3 (13.7–35) 22.2 (17.6–33) 1.006 (0.97–1.044) 0.755
TBil 9 (7.3–13.25) 6.9 (5.9–11.4) 0.848 (0.677–1.063) 0.153
DBil 2.1 (1.45–2.7) 1.6 (1.1–2.8) 0.612 (0.273–1.374) 0.235
TBA 1.7 (1.08–2.6) 1.25 (0.58–3.15) 1.054 (0.737–1.507) 0.773
BUN 4.24 ± 1.48 3.13 ± 0.92 0.486 (0.254–0.929) 0.029
Cr 68.93 ± 15.1 60.34 ± 12.67 0.959 (0.913–1.007) 0.09
Uric Acid 332.39 ± 95.28 307.3 ± 71.71 0.997 (0.989–1.004) 0.409
Cys-C 0.78 (0.69–0.94) 0.83 (0.7–0.86) 0.972 (0.335–2.816) 0.958
Blood Ca 2.27 ± 0.12 2.18 ± 0.13 0.003 (0–0.707) 0.037
Blood Mg 0.85 ± 0.07 0.85 ± 0.11 0.994 (0–5327.857) 0.999
Fe 7.8 (4.1–13.4) 7.86 (6.38–10.38) 0.981 (0.798–1.205) 0.852
Blood K 4.08 (3.92–4.2) 4.02 (3.56–4.27) 0.169 (0.022–1.313) 0.089
Blood Na 138.02 ± 2.18 138.02 ± 1.86 1 (0.732–1.367) 0.998
Blood P 1.19 ± 0.23 1.22 ± 0.25 1.527 (0.076–30.586) 0.782
Blood glucose 4.36 (3.96–4.65) 4.35 (4.07–5.01) 1.619 (0.695–3.773) 0.264
Serum Ferritin 75.33 (42.78–358.56) 151.78 (12.83–262.36) 0.999 (0.995–1.003) 0.612
Folic acid 6 (3–8) 4.67 (3–5.5) 0.841 (0.645–1.097) 0.202
VB12 443 (339–619) 477 (393–572) 1 (0.996–1.004) 0.999
EPO 14.85 (11.5–22.2) 16.2 (13.75–106.55) 1.002 (0.999–1.006) 0.177
TC 3.33 (2.82–4.17) 0.92 (0.79–1.12) 0.613 (0.233–1.614) 0.322
TG 0.89 (0.68–1.12) 0.92 (0.79–1.12) 0.751 (0.254–2.22) 0.604
FBG 4.2 (3.49–4.32) 4.6 (3.87–5.15) 1.723 (0.86–3.452) 0.125
ANA 0 (0–0) 0 (0–0) 0 (0–0) 0.999
IFX-TC 4 (0.6–6.3) 2.1 (0.4–2.57) 0.761 (0.571–1.014) 0.061
ATI, n(%) 3 (6.12) 4 (36.36) 1.013 (0.997–1.029) 0.012
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results showed that Vit-D level, CRP, and blood K at base-
line were correlated with clinical remission(CDAI < 150) 
at the seventh IFX treatment (P < 0.05) (Table 3). Receiver 
operating characteristic (ROC) curve analysis showed that 
when Vit-D concentration was 15.81 ng/ml, the diagnostic 
value of CDAI (= 150) at endpoint was AUC 0.711 (95% 
CI 0.523–0.899), the sensitivity was 81.6%, and the speci-
ficity was 63.6% (P = 0.03) (Fig. 1), indicating blood Vit-D 
concentration can be used as an effective predictor of posi-
tive IFX treatment outcomes in Chinese adults with CD.

Subgroup association analysis of baseline variables

Baseline variables were divided into subgroups to determine 
the influencing factors on clinical remission in patients with 
CD. Due to the limited sample size, CDAI score was taken 
as the dependent variable, and significant factors in univari-
ate analysis were included in linear regression for multi-
factor analysis. When patients were grouped by gender, then 
RBC, Hs-CRP, and mean corpuscular volume (MCV) were 
independent predictors of CDAI score at the endpoint in the 
female subgroup, while Vit-D, ESR, and hs-CRP were inde-
pendent predictors of CDAI in the male subgroup (P < 0.05). 
Patients were divided into low body weight group and nor-
mal body weight group according to BMI. It was found that 
no independent predictor of CDAI was found in the low 
body weight group, while baseline Hb, folic acid, and FBG 
levels in the normal body weight subgroup were independent 
predictors of CDAI (P < 0.05).

Dividing by smoking status, ESR and blood K levels 
were independent factors in the smoking group, while Vit-D, 
BMI, and CRP levels were independent factors in the non-
smoking group (P < 0.05). Grouped according to whether or 
not they had undergone intestinal surgery, Vit-D, ESR, and 
Hs-CRP were found to be independent predictors of CDAI 
in patients without intestinal surgery, while RBC and BUN 
levels were independent predictors of CDAI in patients with 
intestinal surgery (P < 0.05). Grouping by perianal surgery 
or not, Vit-D, CRP, and course of disease were found to be 
independent predictors of CDAI in the non-perianal surgery 
group, while Vit-D, TB, blood P, and ANA levels were inde-
pendent predictors in the subgroup that had perianal surgery 
(P < 0.05). Grouping by IMM use or not, Vit-D and WBC 
were found to be independent predictors of CDAI in the 
no combined IMM group, while ESR, RBC, Hb, DB, and 
BUN levels were independent predictors in the subgroup 
that had combined IMM (P < 0.05) (Table 4 and Supple-
mentary materials).

Further, ROC curve analysis was performed between 
the above subgroup variables and the endpoint CDAI out-
comes. In the normal BMI subgroup, when Vit-D level was 
16.06 ng/ml, the diagnostic value of CDAI(= 150) at end-
point was AUC (95%CI) 0.77(0.556–0.985), and the sensi-
tivity and specificity were 0.82 and 0.71 (P = 0.029), sug-
gesting a stronger effect in those with normal weight. In the 
no smoking and combined with IMM subgroup, when Vit-D 
level was 19.05 ng/ml and 15.81 ng/ml, respectively, the 
diagnostic value of CDAI(= 150) at endpoint was AUC (95% 
CI) 0.74 (0.54–0.94) and 0.81 (0.604–1), the sensitivity was 
0.568 and 0.917, and the specificity was 0.889 (P = 0.026) 
and 0.667 (P = 0.019). Thus, this subgroup might benefit 
particularly strong from Vit-D supplementation in Crohn's 
disease (Table 5).

Table 3   Relation between baseline factors and clinical remission at 
week 38

Vit-D, vitamin D; CRP, C-reactive protein; ESR, erythrocyte sedi-
mentation rate; Hs-CRP, high-sensitivity C-reactive protein; RBC, 
red blood cell; Hb, hemoglobin; PA, prealbumin; BUN, urea; Cr, cre-
atinine

Variables OR(95%CI) P

Univariate analysis
Vit-D 0.861 (0.749–0.991) 0.036
CRP 1.028 (1.01–1.047) 0.003
ESR 1.053 (1.017–1.089) 0.003
Hs-CRP 1.023 (1.004–1.041) 0.016
RBC 0.268 (0.091–0.785) 0.016
Hb 0.956 (0.923–0.99) 0.011
PA 0.974 (0.954–0.994) 0.011
BUN 0.486 (0.254–0.929) 0.029
Cr 0.959 (0.913–1.007) 0.09
Blood Ca 0.003 (0–0.707) 0.037
Blood K 0.169 (0.022–1.313) 0.089
Multivariate analysis
Vit-D 0.766 (0.615–0.953) 0.017
CRP 1.091 (1.02–1.167) 0.011
Hs-CRP 0.938 (0.877–1.005) 0.068
Blood K 0.023 (0.001–0.501) 0.017

Fig. 1   ROC curve of vitamin D level for diagnostic prediction
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Discussion

Strategies to improve response rates to first-line anti-TNF 
therapies in CD patients are a key line of research in light 
of drug resistance. The current study aimed to evaluate pre-
dictors of clinical outcomes in 60 IFX-treated CD patients 
from the Chongqing area in western China. At baseline, over 
50% of patients were vitamin D-deficient, suggesting a wide-
spread lack of this nutrient. Despite this, 81.7% of patients 
achieved clinical remission of their Crohn's disease after a 
38-week course of infliximab (anti-TNF) treatment.

Vit-D level at baseline was one of the key independent 
predictors of clinical remission in CD patients after IFX 
treatment (P < 0.05). ROC curve analysis showed an AUC 
of 0.711, indicating a high predictive power of Vit-D levels 
on disease outcomes. Gender, BMI, smoking status, history 
of intestinal or perianal surgery, and combination therapy 
with immunosuppressants were all statistically significant 
in subgroup analysis. Specifically, Vit-D level in those with 
normal BMI, non-smoking, and taking IMM significantly 
predicted better outcomes at endpoint (P < 0.05).

To the best of our knowledge, this is the first study in 
which an association was found between Vit-D and IFX 
treatment efficacy among CD patients in western China. It 
provides a reference for clinical optimization of IFX treat-
ment and lays a foundation for the study of the mechanism 
of Vit-D in IFX-treated IBD.

These findings are consistent with most current research 
and mainstream opinion. The underlying mechanism 
between Vit-D and IFX-treated efficiency can enhance the 
expression of inflammatory cytokines, inhibit the expres-
sion and activity of Vit-D receptor (VDR), and lead to the 
enhancement of downstream inflammatory signals [23]. 
Some studies have found that intestinal epithelial cells are 
tightly connected and rely on Vit-D to maintain their integ-
rity. In experimental mice with colitis, the Vit-D receptor 
gene (VDR-/-) was knocked out, and the VDR-/-mice were 
more prone to epithelial injury, which was typically charac-
terized by the loss of intestinal epithelial tight junction and 
the destruction of epithelial integrity, increasing the chance 

Table 4   Factors influencing clinical remission in patients with sub-
groups analysis

Subgroup Multivariate

Variables Beta (95% CI) P

Gender
 Male
  Vit-D − 2.942 (− 4.93 to − 0.954) 0.005
  ESR 0.95 (0.1–1.799) 0.03
  Hs-CRP − 0.618 (− 1.178 to − 0.058) 0.032

 Female
  RBC − 47.136 (− 81.29 to − 12.982) 0.011
  Hs-CRP 0.886 (0.409–1.363) 0.002
  MCV − 1.612 (− 3.189 to − 0.034) 0.046

BMI
 Normal
  Hb − 1.505 (− 2.66 to − 0.35) 0.014
  Folic acid − 7.674 (− 13.081 to − 2.266) 0.009
  FBG 18.203 (4.236–32.17) 0.014

Smoking
 Yes
  ESR 1.102 (0.381–1.823) 0.009
  K − 62.436 (− 98.176 to − 26.697) 0.004

No
  Vit-D − 3.449 (− 5.406 to − 1.493) 0.001
  BMI − 4.214 (− 7.845 to − 0.582) 0.024
  CRP 0.282 (0.03–0.533) 0.029

Intestinal surgery
 No
  Vit-D − 2.284 (− 4.193 to − 0.376) 0.021
  ESR 1.493 (0.609–2.378) 0.002
  Hs-CRP − 0.677 (− 1.23 to − 0.124) 0.018

 Yes
  RBC − 38.407 (− 64.477 to − 12.338) 0.008
  BUN − 18.395 (− 31.307 to − 5.484) 0.009

Perianal surgery
 No
  Vit-D − 2.991 (− 5.459 to − 0.523) 0.022
  CRP 0.35 (0.013–0.688) 0.043
  Course of disease 4.604 (0.4–8.809) 0.035

 Yes
  Vit-D − 4.169 (− 7.922 to − 0.416) 0.033
  TB − 5.7 (− 9.162 to − 2.239) 0.005
  Blood P − 147.827 (− 248.852 to − 46.802) 0.009
  ANA − 82.995 (− 141.145 to − 24.845) 0.01

Combined IMM
 No
  Vit-D − 2.194 (− 4.003 to − 0.385) 0.02
  WBC 5.094 (1.019–9.169) 0.017

 Yes
  ESR 1.757 (0.742–2.771) 0.002
  RBC − 21.1 (− 41.65 to − 0.549) 0.045
  Hb 1.172 (0.281–2.063) 0.014

Vit-D, vitamin D; ESR, erythrocyte sedimentation rate; Hs-CRP, 
high-sensitivity C-reaction protein; RBC, red blood cell; MCV, 
mean corpuscular volume; BMI, body mass index; Hb, hemoglobin; 
FBG,  fasting  blood  glucose; CRP,C-reactive protein; BUN, urea; 
TBil, total bilirubin; ANA, antinuclear antibodies; WBC, white blood 
cell; DBil, direct bilirubin

Table 4   (continued)

Subgroup Multivariate

Variables Beta (95% CI) P

  DB − 22.948 (− 44.891 to − 1.005) 0.042
  BUN − 17.693 (− 27.591 to − 7.796) 0.002
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of exogenous bacterial invasion [24–28]. In addition, Vit-D 
acts as an important balancing factor for adaptive immune 
activation, it can regulate the proliferation of T cells and B 
cells, and inhibit the expression of various pro-inflammatory 
factors [29, 30].

In terms of clinical research, many teams have reported 
the relationship between Vit-D level and clinical outcome 
of CD patients and the therapeutic effect of biologic agents 
[9, 31, 32]. The lack or insufficiency of Vit-D level is more 
common in CD patients. And patients with low Vit-D level 
have worse clinical remission and treatment effect of bio-
logic agents. Vit-D can even be used as a predictor of the 
long-term efficacy of biologics in CD patients, and Vit-D 
supplementation in these patients can improve the efficacy 
of biologics. In this study, our finding is that Vit-D can be 
used as a molecular marker to predict long-term efficacy 
of biologics in patients with CD, which can be used as a 
supporting supplement to other studies. Second, our sub-
group analysis looked at different clinical indicators; we 
found through analysis that CRP and blood K at baseline 
were correlated with clinical remission (CDAI < 150) at the 
seventh IFX treatment (weeks 38), which is consistent with 
other research team’s finding that the relationship between 
IFX exposure and maintain CRP remission [33].

In addition, we also found that the positive rate of ATI 
before the fourth IFX treatment was associated with clini-
cal remission (P = 0.012). Some research have demonstrated 
that Vit-D levels were positively correlated with the dura-
tion of anti-TNF-α drug response, and patients with Vit-D 
deficiency with Vit-D deficiency are more likely to stop con-
tinuing IFX therapy because of low drug response or early 
onset of anti-antibodies [9, 34, 35]. What’s more, we also 
found that ANA levels were one of independent predictors 
in the subgroup that had perianal surgery. Some previous 
studies found that Vit-D deficiency was related to positivity 
for ANA (before starting anti-TNF) and anti-TNF treatment 
was related to ANA development. Pretreatment positivity 
for ANA was related to failure of the first anti-TNF [36, 
37]. It suggests that further studies on these two aspects can 

be conducted or the combination of Vit-D can be used as a 
more accurate clinical predictor of IFX treatment efficacy.

This study has some defects: First, it is a single-center 
retrospective design of study, the sample size is small, 
and the causal relationship between Vit-D and clinical 
remission needs to be further verified in observational 
studies. However, retrospective single-center study is 
necessary for us to preliminarily establish the relation-
ship between clinical variables, which can reflect the cor-
relation between clinical indicators of Vit-D and clinical 
remission variables of patients treated with biologics, and 
lay the foundation for further prospective and multi-center 
studies. In view of the bias of single-center, retrospec-
tive and small-sample studies, we try to adopt statistics, 
screen out the influence of each single variable on the 
dependent variable after single-factor analysis, and then 
conduct multi-factor regression analysis to take several 
potentially significant variables into consideration, so as 
to analyze the influencing factors more comprehensively, 
which is more in line with the actual clinical situation. At 
the same time, we also use subgroup analysis to control the 
error deviation of the baseline level as much as possible. 
Second, data about dietary intake of Vit-D, calcium, and 
exposure to sun are insufficient. Third, in the detection of 
Vit-D level, high-performance liquid chromatography with 
mass spectrometry was superior to radioimmunoassay in 
the accuracy of the results. In the following research, we 
should collect sufficient information on the influencing 
factors of the research object and evaluate the advanced 
test technical method.

In summary, this work constitutes a major contribution 
of important clinical data on an understudied population 
(western Chinese patients with CD). Further, the results of 
our analysis have broad implications for patient populations 
around the world as IFX is currently first-line therapy for 
IBD in many countries. With the increasing rate of IBD inci-
dence with industrialization and globalization, and the inci-
dence of resistance to these biologic therapies, research and 

Table 5   Diagnostic efficiency of 
different subgroups for endpoint 
CDAI outcomes by ROC curve

CDAI, Crohn's Disease Activity Index; ROC, receiver operating characteristic; Vit-D, vitamin D; BMI, 
Body Mass Index; IMM, immunosuppressant

Subgroup Diagnostic value 
(Vit-D baseline level 
ng/ml)

AUC(95%CI) Sensitivity Specificity P

Male 18.95 0.73 (0.513–0.938) 0.65 0.86 0.061
BMI: normal weight 16.06 0.77 (0.556–0.985) 0.821 0.71 0.029
No smoking 19.05 0.742 (0.541–0.942) 0.568 0.89 0.026
Without intestinal surgery 18.95 0.7 (0.50–0.90) 0.6 0.88 0.081
Without perianal surgery 15.8 0.68 (0.43–0.94) 0.789 0.67 0.181
With perianal surgery 18.95 0.71 (0.43–1.0) 0.7 0.8 0.131
Combine with IMM 15.81 0.81 (0.604–1) 0.917 0.67 0.019
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clinical data are greatly needed to understand and improve 
the efficacy of treatments and cures.
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