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Abstract
Background and objectives: to investigate the association between the dietary nutrient intake and nutritional status of patients with Crohn’s 
disease (CD).

Methods: sixty CD patients who had been diagnosed but had not begun treatment were enrolled. The dietary nutrient intake was recorded after 
three days of 24-hour recall and was calculated using NCCW2006 software. The nutrition levels were assessed using the Patient-Generated 
Subjective Global Assessment (PG-SGA). Indicators included body mass index (BMI), mid-arm circumference, the circumference of the upper-arm 
muscle, triceps skinfold thickness, handgrip strength, and the circumference of both calves.

Results: eighty-five per cent of CD patients did not meet the necessary energy requirements. Of these, the protein and dietary fiber intake in 
63.33 % and 100 %, respectively, were below the standard of the Chinese dietary reference. Many patients had insufficient intake of vitamins, 
as well as other macro- and micronutrients. An inverse association was observed between the risk of malnutrition and higher levels of energy 
(1,590.0-2,070.6 kcal/d, OR = 0.050, 95 % CI: 0.009-0.279) and protein (55.6-70.5 g/d, OR = 0.150, 95 % CI: 0.029-0.773). Appropriate sup-
plementation of vitamin E, calcium, and other dietary nutrients helped to reduce the risk of malnutrition.

Conclusions: significant deficiencies in dietary nutrient intake were found in CD patients, and dietary intake was associated with the nutritional 
status of the patient. Appropriate adjustment and supplementation of nutrient intake may reduce malnutrition risk in CD patients. The gap between 
actual consumption and recommendation indicates a need for improved nutritional counseling and monitoring. Early relevant advice for the dietary 
guidance of CD patients may be beneficial for long-term effects associated with nutritional status.
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Resumen
Antecedentes y objetivos: investigar la asociación entre la ingesta de nutrientes y el estado nutricional de los pacientes con enfermedad de 
Crohn (EC). 

Métodos: se reclutaron 60 pacientes de EC que habían sido diagnosticados, pero no habían iniciado ningún tratamiento. La ingesta de nutrientes 
se registró tras 3 días de recordatorio de 24 horas y se calculó utilizando el software NCCW2006. El estado nutricional se evaluó mediante la 
valoración global subjetiva generada por el paciente (PG-SGA). Los indicadores incluyeron el índice de masa corporal, la circunferencia media 
del brazo, la circunferencia del músculo de la parte superior del brazo, el grosor del pliegue cutáneo del tríceps, la fuerza de agarre y la circun-
ferencia de la pantorrilla. 

Resultados: el 85 % de los pacientes de EC no cubrieron las necesidades energéticas necesarias. De estos, las ingestas de proteína y fibra 
dietética en el 63,33 % y el 100 %, respectivamente, era más baja que lo que recominenda la norma de referencia dietética china. Muchos 
pacientes tuvieron una ingesta insuficiente de vitaminas, así como de otros macronutrientes y micronutrientes. Se observó una asociación 
inversa entre el riesgo de desnutrición y niveles más altos de energía (1590,0-2070,6 kcal/d, OR = 0,050, IC 95 % = 0,009-0,279) y proteínas 
(55,6-70,5 g/d, OR = 0,150, IC 95 % = 0,029-0,773). La suplementación adecuada de vitamina E, calcio y otros nutrientes dietéticos ayudó 
a reducir el riesgo de desnutrición. 

Conclusiones: se observaron deficiencias significativas en la ingesta de nutrientes en los pacientes con EC, y la ingesta dietética se asoció con 
el estado nutricional del paciente. El ajuste y la suplementación adecuados de la ingesta de nutrientes pueden reducir el riesgo de malnutrición de 
los pacientes con EC. La diferencia entre el consumo real y la recomendación indica la necesidad de mejorar el asesoramiento y el seguimiento 
nutricional. El consejo temprano pertinente para la orientación dietética de los pacientes con EC puede ser beneficioso para los efectos a largo 
plazo asociados al estado nutricional.
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Enfermedad de Crohn. 
Ingesta dietética. 
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de 24 horas.

INTRODUCTION

Crohn’s disease (CD) is a relapsing systemic inflammatory dis-
ease, mainly affecting the gastrointestinal tract with extraintesti-
nal manifestations and associated immune dysfunction. In terms 
of etiology, CD is currently believed to be caused by both genetic 
and environmental factors. The environmental factors mainly in-
clude smoking and poor dietary habits and lifestyle (1). As eco-
nomic and living standards have improved, the incidence and 
prevalence of CD have gradually increased. In Asia, studies have 
reported annual prevalence rates in Hong Kong and mainland 
China of 21.0/100,000 and 2.29/100,000, respectively (2,3). 
Inflammation of the digestive tract leads to pain, diarrhea, and 
nausea that, in turn, result in reduced food consumption togeth-
er with erratic eating habits, eventually affecting the nutritional 
status of the patient; malnutrition is thus a common challenge 
in CD patients. The incidence of malnutrition varies with different 
nutritional screening tools and diagnostic criteria, with several 
studies suggesting that the incidence ranges from 20 % to 85 % 
in patients with CD (4-7). The European Society for Parenteral 
and Enteral Nutrition (ESPN) defines malnutrition as a condition in 
which a lack of or insufficient intake of nutrients leads to changes 
in body composition that result in physical and mental dysfunc-
tion and affect the clinical outcome of the disease (8).

Several studies have shown that dietary fiber, vitamin C, vi-
tamin D, and vitamin E, amongst other factors, may have pro-
tective effects against the development of CD (9,10). However, 
there are few studies that have investigated the intake of dif-
ferent nutrients in patients with CD and there is also a lack 
of comprehensive analysis. Some foreign researchers have 
reported that, compared with the recommended dietary intake 
(RDI) of Canada, 18.7 % and 86.5 % of CD patients did not 
reach the daily recommended intake of protein and dietary fiber 
(9,11). In addition, over 40  % of the CD patients consumed 
less than optimal levels of vitamins A, E, C, folic acid, calcium, 
and zinc (11). Furthermore, other studies have reported that 

the adult average intake of calcium, magnesium, and zinc is 
lower than the RDI (12). In China, there are no reports on the 
comparative analysis of the diets and dietary components of 
CD patients compared with the recommended dietary intake for 
Chinese residents, and the relationship between the nutritional 
status of CD patients and the dietary components remained 
unknown. The assessment of nutrient intake may provide di-
etary guidance to CD patients to assess their nutritional status 
and lead to improvements in clinical outcomes. The purpose 
of this study was to assess the dietary nutrient intake of CD 
patients and explore the association between dietary nutrient 
intake and nutritional status, to provide evidence for proper nu-
tritional support.

MATERIALS AND METHODS

STUDY DESIGN

A cross-sectional study was conducted at the Guangdong 
Provincial People’s Hospital in Guangzhou, Guangdong Province, 
China. Sixty adult patients (ranging from 18 to 60 years) who 
had been diagnosed but had not yet begun treatment were se-
lected between May 2018 and January 2021. The CD diagnosis 
was based on standard clinical, endoscopic, histological, and 
cross-sectional imaging criteria (13).

ETHICS AND PATIENT CONSENT

Permission from the Ethics Committee of the Guangdong 
Provincial People’s Hospital was obtained before the study  
(No. GDREC2018091H). The clinical trial registration number 
was ChiCTR1800015174. The study was conducted according 
to the principles of the Declaration of Helsinki and the partici-
pants provided written informed consent.
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MEASUREMENTS

Anthropometric assessments were performed in the morning 
after an 8-12 hour fast, and the same times of assessment were 
used for each participant. All assessments were conducted by 
the same investigator. Anthropometric measurements included 
height, weight, body mass index (BMI), mid-arm circumference 
(MAC), triceps skinfold thickness (TSF), mid-arm muscle circum-
ference (MACM), handgrip strength of the non-dominant hand, 
and the left calf circumference (LCC) and right calf circumfer-
ence (RCC). Body weights were taken to the nearest 100 g with 
an electronic scale; participants were barefoot and wore min-
imum clothing. A stadiometer was used to measure height to 
the closest 0.1 cm, and the BMI was determined as weight (kg)/
height2 (m). BMI values less than 18.5 kg/m2 indicated malnu-
trition. The MAC and MACM were measured with a measuring 
tape at the mid-point between the olecranon process and ac-
romion on the right side. TSF measurements were taken at the 
same position using Holtain skinfold calipers. Leg measurements 
included the circumferences of the thickest and thinnest parts 
of the calf, and the calf average measurement was calculated 
from three measurements. Nutritional status was determined by 
Patient-Generated Subjective Global Assessment (PG-SGA) with 
scores ≥ 4 indicating malnutrition. 

Dietary recall (three days of 24 hours) was performed to record 
the nutrient intake of each person via face-to-face interviews. 
The patients were asked to describe the time, type, and amounts 
of all foods and beverages consumed over the previous three 
days. The interviewer used the food models to help the interview-
ee estimate the amounts of each food and beverage. The dietary 
information was recorded using a 24-h dietary review question-
naire. The date and the time of consumption of each food item 
were entered into the Nccw2006 Nutrient Analysis Software 
program. Macro- and micronutrients were calculated using the 
software, and the result was compared with the Chinese dietary 
reference intakes (DRIs). For energy, protein, zinc, vitamin A, thi-
amine, riboflavin, vitamin C, and niacin, intake values < 80 % of 
the recommended nutrient intake (RNI) were considered as not 
meeting the requirement. For calcium, phosphorus, magnesium, 
iron, and vitamin E, intake values less than the adequate intake 
(AI) value were considered to not meet the requirement. 

STATISTICAL ANALYSIS

SPSS version 26.0 (IBM Corp., Armonk, NY, USA) was used for 
statistical analysis. For quantitative data, the Shapiro-Wilk meth-
od (W test) was used to assess the normality of the data distri-
bution. Normally distributed data were described as means with 
standard deviations (χ± s), while if the data did not follow the 
normal distribution, the interval between the median and quantile 
[M(P25, P75)] was used for description. The form of the quali-
tative data adoption rate is described. Correlation analysis was 
used to analyze the relationship between nutritional status and 
various nutrients in patients with CD. All dietary nutrients were 

categorized into quartiles based on the distribution of the dietary 
intake of patients. Logistic regression analysis was used to cal-
culate the odds ratios for the association between various nutri-
ents and malnutrition risk-adjusted for age and sex. For analysis, 
the lowest intake of dietary nutrients was considered as the ref-
erence and the odds ratios in other quartiles were computed. All 
test level α values were 0.05, and bilateral probability was taken.

RESULTS

The anthropometric parameters of the study subjects are listed 
in table I. Forty-three males, accounting for 71.67 % of the total, 
and 17 females, accounting for 28.33 % of the total, were in-
cluded. Twenty-eight patients had BMIs in the normal and under-
weight range, accounting for 46.67 % of the total number of pa-
tients, while there were two overweight and two obese patients, 
accounting for 3.33 % of the total number of patients. Nutritional 
status assessed by MAC, MACM, TSF, LCC, and RCC were all 
below the reference range of China. The average total score of 
the PG-SGA was 9.30 ± 4.77. Twenty-four patients had normal 
nutrition, accounting for 40 %. The number of participants with 
moderate and severe malnutrition was six and 30, respectively, 
accounting for 10 % and 50 %, respectively, of the total. Thus, in 
this survey, most patients exhibited severe malnutrition.

The dietary nutrient intake of the CD patients is shown in ta-
ble II. Overall, 85 % of CD patients did not meet their energy 
requirements, and 63.33 %, 13.33 %, 11.67 %, and 100 % of 
CD patients had intakes of protein, fat, carbohydrate, and dietary 
fiber, respectively, that were lower than the Chinese dietary refer-
ence standards. The insufficient intake prevalence was 88.33 % 
for vitamin A, 90.0 % for vitamin B1, 91.67 % for vitamin B2, 
76.67 % for vitamins C and E, and 50 % for vitamin PP. Overall, 
21-100 % of CD patients did not meet their mineral requirements 
and 100 % and 50 % of them did not meet their requirements for 
calcium and phosphorus, respectively. The sufficient intake prev-
alence was 95 % for potassium, 55 % for sodium, 96.67 % for  
magnesium, 36.67  % for iron, 53.33  % for zinc, 91.67  %  
for selenium, 21.67 % for copper, and 65.00 % for manganese.

The results in table III show the relationship between the total 
score of the patients’ PG-SGA evaluation scale and the intake of 
various nutrients. The statistically significant nutritional factors 
were energy, protein, carbohydrate, vitamin A, vitamin B1, vita-
min B2, vitamin E, vitamin PP, and all minerals. In addition, the 
correlation analysis indicated that the total score of the PG-SGA 
evaluation scale was negatively correlated with the intake of each 
nutrient, that is, the higher the intake of each nutrient, the lower 
the total score of the PG-SGA evaluation scale, which represent-
ed better nutritional status.

Table IV presents the odds ratios and 95 % CIs for the risk of 
malnutrition associated with energy, protein, fat, carbohydrate, 
and dietary fiber. For all patients combined, there was a sig-
nificant decrease in the malnutrition risk among patients with 
CD in the third quartile (1,590.0-2,070.6 kcal/d for energy and 
55.6-70.5 g/d for protein) intake of energy (OR = 0.050, 95 %  
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CI: 0.009-0.279), and protein (OR = 0.150, 95  % CI: 0.029-
0.773). We next examined the risk of malnutrition associated 
with the intake of individual vitamins, as shown in table V. In 
these patients with CD, inverse associations were observed for 
vitamin B-2, vitamin E, and vitamin PP, with evidence of signifi-
cant dose response for vitamin B-2 (p trend = 0.002), vitamin E  
(p trend = 0.013), and vitamin PP (p trend = 0.002). For ex-
ample, patients in the highest quartile of vitamin E intake had a 
significant 87 % reduction in risk when compared with those in 
the lowest quartile (OR = 0.125, 95 % CI: 0.024-0.640). Table VI 
presents the odds ratios and 95 % CIs for the risk of malnutrition 

associated with individual minerals. Comparing the highest to 
the lowest quartile of mineral intake, the odds ratios were lower 
for potassium (OR = 0.227, 95 % CI: 0.052-0.986; p trend = 
0.048), calcium (OR = 0.188, 95 % CI: 0.042-0.848; p trend 
= 0.030), magnesium (OR = 0.186, 95  % CI: 0.040-0.875;  
p trend = 0.033), iron (OR = 0.101, 95 % CI: 0.018-0.566; p trend  
= 0.009), zinc (OR = 0.144, 95  % CI: 0.026-0.800;  
p trend = 0.027), and selenium (OR = 0.152, 95 % CI = 0.030-
0.770; p trend = 0.023), whereas manganese was unrelat-
ed to the risk of malnutrition even at extreme levels of intake  
(OR = 0.411, 95 % CI = 0.092-1.847; p trend = 0.246).

Table I. Characteristics of participants (n = 60)

Group n (%)/(χ± s)/M (P25, P75) Reference range

Sex
Male
Female

43 (71.67 %)
17 (28.33 %)

-
-

Age 36.53 ± 8.21 (20-47)

BMI (kg/m2) 
Lean
Normal
Overweight
Obesity

28 (46.67 %)
28 (46.67 %)
2 (3.33 %)
2 (3.33 %)

< 18.5
18.5-23.9
24-27.9

≥ 28

MAC (cm) 
Male
Female

22.41 ± 3.81
21.98 ± 4.31

30.5~32.7
27~30.7

MACM (cm) 
Male
Female

20.35 (17.68, 21.69)
18.99 ± 3.96

26.8~28.8
20.9~22.8

TSF (mm) 
Male
Female

7.80 (5.10, 10.50)
9.37 ± 3.96

11.2~12.6
19.4~25.4

Handgrip strength (kg) 
Male
Female

32.00 ± 7.39
19.78 ± 4.60

29.2~40.4
16.8~20.9

LCC (cm) 
Male
Female

31.74 ± 4.12
29.90 (27.95, 32.90) Male: ≥ 34

Female: ≥ 33RCC (cm) 
Male
Female

32.03 ± 4.20
31.10 (28.50, 32.95)

Results of total score of PG-SGA evaluation scale 
Normal nutrition
Moderate malnutrition
Severe malnutrition

24 (40 %)
6 (10 %)

30 (50 %)

0-3
4-8
≥ 9

BMI: body mass index; MAC: mid-arm circumference; TSF: triceps skinfold thickness; MACM: mid-arm muscle circumference; LCC: left calf circumference; RCC:  
right calf circumference; PG-SGA: Patient-Generated Subjective Global Assessment.
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Table II. Dietary intake of patients with CD (n = 60)

Nutrients (χ± s)/M (P25, P75) n* (%)

Energy (kcal/d) 1,667.42 ± 630.15 51 (85.00)

Protein (g/d) 55.58 (38.45, 70.45) 38 (63.33)

Fat (g/d) 53.93 (38.85, 69.55) 8 (13.33)

Carbohydrate (g/d) 220.6 (149.39, 291.18) 7 (11.67)

Dietary fiber (g/d) 3.93 (2.00, 5.80) 60 (100.00)

Vitamin A (ugRAE/d) 153.75 (103.20, 280.50) 53 (88.33)

Vitamin B1 (mg/d) 0.78 (0.52, 1.07) 54 (90.00)

Vitamin B2 (mg/d) 0.65 (0.44, 0.87) 55 (91.67)

Vitamin C (mg/d) 28.50 (6.68, 89.24) 46 (76.67)

Vitamin E (mg-αTE/d) 11.33 (9.21, 13.94) 46 (76.67)

Vitamin PP (mg NE/d) 14.08 (9.22, 17.88) 30 (50.00)

Calcium (mg/d) 166.65 (83.60, 316.25) 60 (100.00)

Phosphorus (mg/d) 733.15 (549.23, 940.28) 30 (50.00)

Potassium (mg/d) 1,027.82 (628.23, 1,422.98) 57 (95.00)

Sodium (mg/d) 1,463.94 (1,380.11, 1,554.60) 33 (55.00)

Magnesium (mg/d) 170.80 (116.55, 235.33) 58 (96.67)

Iron (mg/d) 15.46 (11.12, 19.96) 22 (36.67)

Zinc (mg/d) 10.31 (7.83, 13.36) 32 (53.33)

Selenium (ug/d) 38.00 (25.65, 50.23) 55 (91.67)

Copper (mg/d) 1.12 (0.86, 1.56) 13 (21.67)

Manganese (ug/d) 3.68 (2.68, 5.31) 39 (65.00)

CD: Crohn’s disease. *n (%) denotes numbers and percentages lower than the standard of Chinese dietary reference intake (2013 edition).

Table III. Relationship between dietary intake and the PG-SGA scores of patients (n = 60)

Nutrients r/rS p Nutrients r/rS p

Energy -0.370 0.004* Vitamin PP -0.402 0.001*

Protein -0.420 0.001* Calcium -0.265 0.040*

Fat -0.232 0.083 Phosphorus -0.423 0.001*

Carbohydrate -0.384 0.002* Potassium -0.354 0.005*

Dietary fiber -0.244 0.060 Sodium -0.309 0.016*

Cholesterol -0.315 0.014* Magnesium -0.406 0.001*

Vitamin A -0.338 0.008* Iron -0.350 0.006*

Vitamin B-1 -0.322 0.012* Zinc -0.403 0.001*

Vitamin B-2 -0.506 < 0.001* Selenium -0.381 0.003*

Vitamin C -0.210 0.108 Copper -0.358 0.005*

Vitamin E -0.364 0.004* Manganese -0.296 0.022*

PG-SGA: Patient-Generated Subjective Global Assessment. *p < 0.05.
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Table IV. Logistic regression analysis 
of energy, protein, fat, carbohydrate, 

dietary fiber, cholesterol, and nutritional 
status in patients with CD

Model *OR  
(95 % CI)

p trend

Energy (kcal/d) 
Q

1
 (< 1,134.9)

Q
2
 (1,134.9-1,590.0)

Q
3
 (1,590.0-2,070.6)

Q
4
 (> 2,070.6)

1.00 (reference)
0.832 (0.151, 4.578)
0.050 (0.009, 0.279)
0.718 (0.131, 3.947)

-
0.833
0.001†

0.703

Protein (g/d) 
Q

1
 (< 38.5)

Q
2
 (38.5-55.6)

Q
3
 (55.6-70.5)

Q
4
 (> 70.5)

1.00 (reference)
0.479 (0.088, 2.613)
0.150 (0.029, 0.773)
0.204 (0.039, 1.052)

-
0.396
0.023†

0.057

Fat (g/d) 
Q

1
 (< 38.9)

Q
2
 (38.9-53.9)

Q
3
 (53.9-69.6)

Q
4
 (> 69.6)

1.00 (reference)
0.743 (0.175, 3.161)
0.764 (0.171, 3.427)
1.046 (0.226, 4.838)

-
0.687
0.726
0.954

Dietary fiber (g/d) 
Q

1
 (< 2.00)

Q
2
 (2.00-3.93)

Q
3
 (3.93-5.80)

Q
4
 (> 5.80)

1.00 (reference)
0.819 (0.175, 3.824)
0.553 (0.126, 2.421)
0.397 (0.093, 1.701)

-
0.800
0.432
0.214

Carbohydrate (g/d) 
Q

1
 (< 149.4)

Q
2
 (149.4-220.6)

Q
3
 (220.6-291.2)

Q
4
 (> 291.2)

1.00 (reference)
0.444 (0.092, 2.148)
0.258 (0.049, 1.354)
0.284 (0.060, 1.347)

-
0.113
0.109
0.313

CD: Crohn’s disease. *Adjusted for age and sex; †p < 0.05.

Table V. Logistic regression analysis  
of vitamins and nutritional status  

in patients with CD

Model †OR  
(95 % CI)

p trend

Vitamin A (ugRAE/d) 
Q

1
 (< 103.2)

Q
2
 (103.2-153.8)

Q
3
 (153.8-280.5)

Q
4
 (> 280.5)

1.00 (reference)
0.719 (0.135, 3.820)
0.219 (0.046, 1.038)
0.355 (0.078, 1.610)

-
0.699
0.056
0.179

Vitamin B-1 (mg/d) 
Q

1
 (< 0.52)

Q
2
 (0.52-0.78)

Q
3
 (0.78-1.07)

Q
4
 (> 1.07)

1.00 (reference)
1.188 (0.203, 6.959)
0.239 (0.055, 1.038)
0.313 (0.070, 1.399)

-
0.849
0.056
0.128

Table V (Cont.). Logistic regression 
analysis of vitamins and nutritional status  

in patients with CD

Model †OR  
(95 % CI)

p trend

Vitamin B-2 (mg/d) 
Q

1
 (< 0.44)

Q
2
 (0.44-0.65)

Q
3
 (0.65-0.87)

Q
4
 (> 0.87)

1.00 (reference)
0.653 (0.086, 4.937)
0.082 (0.013, 0.522)
0.055 (0.009, 0.350)

-
0.680
0.008†

0.002†

Vitamin C (mg/d) 
Q

1
 (< 6.68)

Q
2
 (6.68-28.5)

Q
3
 (28.5-89.2)

Q
4
 (> 89.2)

1.00 (reference)
0.393 (0.082, 1.878)
0.298 (0.067, 1.322)
0.530 (0.110, 2.545)

-
0.242
0.111
0.427

Vitamin E (mgα-TE/d) 
Q

1
 (< 9.21)

Q
2
 (9.21-11.3)

Q
3
 (11.3-13.9)

Q
4
 (> 13.9)

1.00 (reference)
0.475 (0.088, 2.552)
0.346 (0.067, 1.790)
0.125 (0.024, 0.640)

-
0.385
0.206
0.013†

Vitamin PP (mgNE/d) 
Q

1
 (< 9.22)

Q
2
 (9.22-14.1)

Q
3
 (14.1-17.9)

Q
4
 (> 17.9)

1.00 (reference)
0.155 (0.024, 1.006)
0.047 (0.007, 0.316)
0.165 (0.025, 1.086)

-
0.051
0.002*
0.061

CD: Crohn’s disease. *Adjusted for age and sex. †p < 0.05.

(Continue in the next column)

Table VI. Logistic regression analysis  
of minerals and nutritional status  

in patients with CD

Model *OR  
(95 % CI)

p trend

Potassium (mg/d) 
Q

1
 (< 628.2)

Q
2
 (628.2-1,027.8)

Q
3
 (1,027.8-1,423.0)

Q
4
 (> 1,423.0)

1.00 (reference)
1.167 (0.234, 5.806)
0.628 (0.137, 2.882)
0.227 (0.052, 0.986)

-
0.851
0.549
0.048†

Sodium (mg/d) 
Q

1
 (< 1,380.1)

Q
2
 (1,380.1-1,463.9)

Q
3
 (1,463.9-1,554.6)

Q
4
 (> 1,554.6)

1.00 (reference)
0.991 (0.181, 5.418)
0.163 (0.033, 0.811)
0.290 (0.063, 1.336)

-
0.991
0.027†

0.112

Calcium (mg/d)
Q

1
 (< 83.6)

Q
2
 (83.6-166.7)

Q
3
 (166.7-316.3)

Q
4
 (> 316.3)

1.00 (reference)
1.361 (0.262, 7.075)
0.597 (0.131, 2.716)
0.188 (0.042, 0.848)

-
0.714
0.504
0.030†

(Continues on next page)
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DISCUSSION

This study analyzed the nutritional status of patients with CD, 
finding an association between nutritional status and dietary 
intake. The PG-SGA evaluation scale was used to evaluate the 
nutritional status of CD patients. The results showed that the pa-
tients suffered from malnutrition to different degrees, with the 
incidence of moderate and severe malnutrition reaching 60.0 %, 

Table VI (Cont.). Logistic regression 
analysis of minerals and nutritional status  

in patients with CD

Model *OR  
(95 % CI)

p trend

Magnesium (mg/d) 
Q

1
 (< 116.6)

Q
2
 (116.6-170.8)

Q
3
 (170.8-235.3)

Q
4
 (> 235.3)

1.00 (reference)
0.887 (0.156, 5.048)
0.180 (0.037, 0.873)
0.186 (0.040, 0.875)

-
0.892
0.033†

0.033†

Iron (mg/d) 
Q

1
 (< 11.1)

Q
2
 (11.1-15.5)

Q
3
 (15.5-20.0)

Q
4
 (> 20.0)

1.00 (reference)
0.286 (0.051, 1.597)
0.205 (0.038, 1.089)
0.101 (0.018, 0.566)

-
0.154
0.063
0.009†

Manganese (ug/d) 
Q

1
 (< 2.68)

Q
2
 (2.68-3.68)

Q
3
 (3.68-5.31)

Q
4
 (> 5.31)

1.00 (reference)
1.365 (0.260, 7.171)
0.238 (0.051, 1.114)
0.411 (0.092, 1.847)

-
0.713
0.068
0.246

Zinc (mg/d) 
Q

1
 (< 7.83)

Q
2
 (7.83-10.3)

Q
3
 (10.3-13.4)

Q
4
 (> 13.4)

1.00 (reference)
0.438 (0.075, 2.561)
0.089 (0.016, 0.494)
0.144 (0.026, 0.800)

-
0.360
0.006†

0.027†

Copper (mg/d) 
Q

1
 (< 0.86)

Q
2
 (0.86-1.12)

Q
3
 (1.12-1.56)

Q
4
 (> 1.56)

1.00 (reference)
0.346 (0.065, 1.849)
0.157 (0.031, 0.803)
0.294 (0.059, 1.457)

-
0.214
0.026†

0.134

Phosphorus (mg/d) 
Q

1
 (< 549.2)

Q
2
 (549.2-733.2)

Q
3
 (733.2-940.3)

Q
4
 (> 940.3)

1.00 (reference)
3.335 (0.509, 21.856)
0.293 (0.067, 1.291)
0.219 (0.048, 0.999)

-
0.209
0.105
0.050

Selenium (ug/d) 
Q

1
 (< 25.7)

Q
2
 (25.7-38.0)

Q
3
 (38.0-50.2)

Q
4
 (> 50.2)

1.00 (reference)
0.231 (0.046, 1.174)
0.347 (0.066, 1.831)
0.152 (0.030, 0.770)

-
0.077
0.212
0.023†

*Adjusted for age and sex. †p < 0.05.

which is close to the results reported by Bian D (14). In addi-
tion, a systematic review concluded that close to one-third of 
CD patients have altered body compositions, seen as reductions 
in the BMI (15). The American Society of Parenteral and Enteral 
Nutrition (ASPEN) has proposed the use of specific parameters, 
including loss of weight, muscle mass, and subcutaneous fat, as 
well as handgrip strength, for diagnosing malnutrition (16). As 
shown by a recent systematic review, reduced muscle mass oc-
curs in approximately 60 % of inflammatory bowel disease (IBD) 
patients (17). Body composition indicators such as reduced BMI 
and upper-arm circumference, amongst others, have been de-
scribed in CD patients (18) who were also found to have reduced 
circumferences of the leg and mid-arm, as well as reduced mid-
arm muscle (19). The results of our study showed that the mean 
BMI, MAC, MACM, TSF, LCC, and RCC values in CD patients were 
all lower than the corresponding reference values of normal Chi-
nese adults. Altogether, malnutrition is a prevalent problem in CD 
patients and Coqueiro et al. concluded that deficiencies in nu-
tritional factors in CD patients could lead to a risk of developing 
osteopenia and other complications in the long term (20).

In general, the incidence of malnutrition in patients with CD 
remains high, which may be caused by various factors (21,22). 
CD patients often experience abdominal pain, loss of appetite, 
nausea, vomiting, diarrhea, and other common gastrointestinal 
symptoms, which may lead to restricted diets and a reduction in 
food intake. In addition, reduced dietary intake can also lead to 
deficiencies in trace elements such as zinc and copper, which af-
fect taste and will thus further affect their appetite. Furthermore, 
when the patient experiences active disease, although there may 
be increased nutrient consumption, the nutrient supplementa-
tion may be insufficient, further aggravating the occurrence of 
malnutrition. A study in Shanghai reported that people with CD 
did not receive sufficient energy, protein, calcium, and iron (21). 
Another study suggested that the intake of dietary fiber, as well 
as macro- and micronutrients, did not meet World Health Orga-
nization/Food and Agriculture Organization of the United Nations 
(WHO/FAO, 2003 edition) recommendations in most patients 
(23). However, there have been no reports of comparisons with 
the DRI standards for Chinese residents (24). The current study 
addressed the dietary intake of patients with CD. It was obvious 
that the dietary intake of most of these patients was far below 
the standard of the Chinese DRIs, and this, together with their 
low average food intake, may lead to further deteriorations in the 
nutritional status of patients with CD.

We found that the PG-SGA scale evaluations were negative-
ly correlated with the intake of different nutrients. Similarly, a 
cross-sectional study (25) and an ambulatory study (14) also 
demonstrated a negative association between the PG-SGA and 
the dietary intake of energy and protein. These results indicat-
ed that CD patients having lower energy and protein intake may 
experience more severe malnutrition (reflected as higher PG-
SGA scores). Thus, our research showed that an inverse asso-
ciation between dietary energy and protein intakes of 1,590.0- 
2,070.6 kcal/d and 55.6-70.5 g/d, respectively, may reduce 
the risk of malnutrition in patients with CD. This, together with  
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the findings that the energy and protein intakes in CD patients 
fell far below the DRIs, suggests that energy and protein should 
be increased appropriately to prevent malnutrition and to prevent 
disease progression.

In addition, vitamin deficiencies are often seen in patients with 
CD (26,27). Sufficient micronutrient intake is essential for im-
proving the clinical outcome. Studies have shown that antioxi-
dants such as vitamins A, C, and E can reduce oxidative stress, 
retard inflammation and delay the occurrence and development 
of diseases to a certain extent (10). B vitamins function as co-
factors for essential metabolic enzymes and mediate fat, pro-
tein, and carbohydrate metabolism. B vitamins also play roles in 
both dietary and gut microbiome-mediated immune modulation. 
Moreover, B-vitamin supplementation in the diet in CD patients 
produces various anti-inflammatory effects and reductions in 
systemic oxidative stress and clinical symptoms, as shown by 
a clinical study (28). The results of this survey also showed that 
patients did not experience deficiencies in single vitamins but 
lacked multiple vitamins. The results of the current study sug-
gested that higher intakes of vitamins B2, PP, and E from food 
were associated with a statistically significant reduction in the 
risk of malnutrition among patients. Therefore, attention should 
be paid to the supplementation of multiple vitamins in CD pa-
tients, such as at least 0.87 mg of vitamin B-2 and 13.9 mg-αTE 
of vitamin E daily, which may improve the body status of patients 
with malnutrition. At the same time, mineral deficiencies are also 
common in CD (27). Calcium and phosphorus play important 
roles in bone growth and development and CD patients have 
severe deficiencies in these minerals (100 % deficiency), which 
may increase the risk of osteoporosis in patients (29). Other 
minerals play important roles in tissue regeneration and protect 
cells from free radical damage, thus influencing the healing and 
prognosis of various diseases (30,31). In this study, we observed 
an association between the intake of individual minerals and 
the nutritional status of CD patients, with higher mineral intake 
reducing the incidence of malnutrition. Therefore, we speculate 
that appropriate supplementation of various minerals may be ef-
fective in improving patient nutritional status or delaying disease 
progression. Above all, we found that the average micronutrient 
intake was below the DRIs and, as dietary intake and nutritional 
status are correlated, clinicians should focus on micronutrient 
intake to ensure good nutritional status. 

In this study, we analyzed the relationship between nutritional 
status and dietary intake in patients with CD, and found cor-
relations between nutritional status and dietary intake, together 
with providing useful quantitative data that may reduce the risk 
of malnutrition among CD patients. Few studies have addressed 
this issue. Based on the results of this survey, we have several 
dietary recommendations for CD patients (32,33). It is recom-
mended to take an appropriate vitamin and mineral supplement 
daily under the guidance of a doctor, including vitamins and 
minerals such as vitamins A, B-2, C, and E, and calcium, iron, 
and zinc, amongst others. In addition, if the patient is unable to 
improve their nutritional status from diet alone, enteral and par-
enteral nutrition could be used to provide supportive treatment.

The limitations to this study include the relatively small sample 
size, which precluded investigation of the relationships with sex 
and age using these as subgroups. Dietary recall, which was 
supposed to be three 24-h days, was not always accurate as, if a 
weekend intervened, some patients had difficulty in remembering 
food types due to the extended time. While we used PG-SGA for 
the assessment of nutritional status, we did not compare it with 
the ESPEN definition or the GLIM criteria. In addition, the lack of 
available equipment, such as dual-energy X-ray absorptiometry 
(DEXA) or bioelectrical impedance analysis (BIA), as well as nurs-
es with professional training, was a non-negligible problem. Fur-
thermore, the study was not able to assess causal relationships 
as it was not an intervention trial; cross-sectional surveys are 
unable to clarify cause and effect and can only suggest clinical 
significance. Future studies should use appropriately increased 
sample sizes for further analysis and provide detailed dietary 
guidelines for interventions.

CONCLUSION

In this study, the results showed incidence of moderate to 
severe malnutrition (reaching 60 %) in CD patients. The dietary 
survey found the intake of various nutrients by these patients fell 
far below the Chinese DRI standard, and there was a correlation 
between nutritional status and dietary intake. Appropriate intake 
of energy, protein, vitamin E, calcium, and other dietary nutrients 
may relate to malnutrition in CD patients. Therefore, early individ-
ualized nutritional guidance and suggestions may be beneficial 
for long-term improvements in nutritional status and may thus 
alleviate disease progression.
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