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Background: Malnutrition has emerged as main side effects of inflammatory bowel disease (IBD) which might also affect the prognosis of IBD. However, whether these associations are causal remains unclear. We aimed to identify the causality of IBD on malnutrition and explore the causal relationship of malnutrition and nutrients intake on IBD by using Mendelian randomization (MR).

Methods: Single nucleotide polymorphisms associated with IBD, malnutrition and nutrients intake were obtained from previous researches of genome-wide association studies (GWAS) (p < 0.00000005). MR analysis was conducted to evaluate the causality with different methods based on OR and their 95% CIs. Meanwhile, heterogeneity, pleiotropy and MR-PRESSO were used for instrumental variables evaluation.

Results: The results of MR analysis revealed that IBD, both Crohn disease (CD) and ulcerative colitis (UC), could directly impact the incidence of malnutrition (p-value <0.01). CD is directly related to nutrients such as sugar, fat, VA, VC, VD and zinc, while UC is correlated with carbohydrate, fat, VB12, VC, VD, VE, iron, zinc and magnesium. However, our results suggested that malnutrition could not affect the risk of IBD directly (p > 0.05). Further analysis showed similar results that nutrients intake had no direct effect on IBD, neither CD or UC.

Conclusion: Our results indicated that IBD increases the risk of malnutrition, however, malnutrition and nutrients intake might not directly affect the progression of IBD.
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Introduction

Inflammatory bowel disease (IBD) is a chronic, relapsing inflammatory gastrointestinal disorder comprising two primary forms, namely Crohn’s disease (CD) and ulcerative colitis (UC) (1). Clinical manifestations of IBD include abdominal pain, diarrhea, rectal bleeding, and weight loss (2). IBD is a multifactorial disease, and its pathogenesis remains unclear. Abnormal immune responses mediated within the intestinal microenvironment, microbiota, and genetic factors play pivotal roles in the development of IBD (3). Current understanding of the etiology of IBD dictates that management primarily revolves around anti-inflammatory and immunosuppressive strategies (4, 5).

Malnutrition was diagnosed based on Global Leadership Initiative on Malnutrition (GLIM) criteria (phenotypic criteria include unintentional weight loss, low BMI and low muscle mass) (6). IBD patients often exhibit reduced food intake, malabsorption, dysbiosis, and increased energy expenditure as a result of immune-inflammatory reactions, contributing to the development of malnutrition (7). More than 70% of hospitalized patients present symptoms of weight loss. Furthermore, poor nutritional status is closely linked to an unfavorable prognosis and inadequate response to treatment. Therefore, the assessment of nutritional status and the provision of appropriate nutritional support are vital components of the clinical treatment process (8, 9). While malnutrition in IBD patients may stem from various factors, and enhancing nutritional status is a crucial aspect of clinical care, the involvement of malnutrition in the pathogenesis of IBD remains uncertain (10, 11). Similarly, the potential impact of nutrient intake on the progression or remission of IBD necessitates further exploration.

Conventional observational epidemiological research methods are vulnerable to confounding factors and the possibility of reverse causation (12). Furthermore, prospective studies often entail substantial time and financial investments (13). Mendelian randomization (MR) represents an analytical technique utilized to deduce causal relationships between exposure factors and outcomes by leveraging genetic variations linked to the exposure factor (14, 15). Through the random assignment of alleles of these genetic variations, MR minimizes the influence of reverse causation and other confounding factors, thereby offering a significant reduction in the impact of such factors (16). This approach has garnered considerable attention in recent years.

In this study, we identified relevant genetic variations and performed a MR analysis to explore the reciprocal relationships between malnutrition and IBD (CD and UC). Furthermore, we conducted additional analyses to examine the links between essential nutritional components (carbohydrate, sugar, fat, protein, vitamin A, vitamin B12, vitamin C, vitamin D, vitamin E, calcium, iron, zinc and magnesium) and IBD (CD and UC). Our aim is that this study will potentially lay the groundwork for advancing the clinical management of IBD.



Materials and methods


Study design

MR analysis assumes the distribution of gene variants in the population is random and these gene variants only influence the outcomes through the pathway of exposure factors and are not affected by other confounding factors. Figure 1 showed the flow chart of our study. Our MR study designed also followed the STROBE-MR statement and firstly examined the bidirectional associations between malnutrition and IBD (CD and UC). Meanwhile, the relationship between different nutrients (carbohydrate, sugar, fat, protein, vitamin A, vitamin B12, vitamin C, vitamin D, vitamin E, calcium, iron, zinc, magnesium) and IBD were also discussed.
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FIGURE 1
 Overview of study design.




Data collection

The datasets our study involved were taken from publicly available GWAS (17, 18). SNPs associated with malnutrition and IBD were screened from GWAS meta-analysis. Single-nucleotide polymorphisms (SNPs) of nutrient elements were extracted from biobank (19). Detailed information of data used in our study is displayed in Table 1.



TABLE 1 Detailed information of data used in this study.
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Instrument variants selection

Quality control techniques were conducted to screen instrument variants satisfying the first assumption. Meanwhile, independent SNPs were selected with p-value <5 × 10−8 and r2 < 0.001 to exclude linkage disequilibrium. All instrument variants are listed in Table 2.



TABLE 2 Statistic of sample size and instrumental variables.
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Statistical analysis

The MR analysis was conducted by “TwoSampleMR” and “MRPRESSO” packages. The inverse variance weighted (IVW) method was used as the primary analysis method and maximum likelihood, MR-Egger and weighted median methods were complementary. The association of malnutrition with IBD was assessed by combining beta values and standard errors. Besides, MR heterogeneity and pleiotropy test were evaluated by MR-Egger and MR-pleiotropy.




Results


Causal effects of IBD on malnutrition

The results of MR analysis demonstrated the causal effect of IBD on malnutrition in all method which were presented in Figure 2A and these related SNPs were shown in Figure 2B. The scatter and funnel plot were also displayed in Figures 2C,D. Meanwhile, no heterogeneity (p-value >0.05) was found by Cochran’s Q test (Table 3). MR-Egger regression method detected directional pleiotropy (Intercept = 0.202, p-value = 1.026 × 10−49) (Table 3). Although MR-PRESSO analysis was not applicable for this data set, it would not have significant impacts on the conclusion that IBD is the risk factor of malnutrition. Moreover, the causal relationship of CD, UC on malnutrition were also revealed (Figures 2E–H). In addition, the relationship of CD, UC and malnutrition was also shown in scatter and funnel plots (Supplementary Figures S1A–D).

[image: Figure 2]

FIGURE 2
 Associations of genetic predicted IBD instrumental variables with malnutrition. (A) Forest plot of causal relationship of IBD on malnutrition with different methods. (B) Sensitivity analysis of the association of IBD on malnutrition represented by SNPs. (C,D) Scatter plot and funnel plot of causality of IBD on malnutrition. (E) Forest plot of causal relationship of CD on malnutrition with different methods. (F) Sensitivity analysis of the association of CD on malnutrition represented by SNPs. (G) Forest plot of causal relationship of UC on malnutrition with different methods. (H) Sensitivity analysis of the association of UC on malnutrition represented by SNPs.




TABLE 3 Pleiotropy, heterogeneity and MR-PRESSO assessment.
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Causal effects of CD, UC on nutrient elements

In addition, we also evaluated the causal effects of CD and UC on nutrient elements. We found that CD had a direct impact on the body’s nutrients level such as sugar, fat vitamin A, vitamin C, vitamin D and zinc (Figure 3A). Furthermore, UC could directly influence the level of carbohydrate, sugar, fat, vitamin B12, vitamin C, vitamin D, vitamin E, iron, zinc and magnesium (Figure 3B).

[image: Figure 3]

FIGURE 3
 Associations of genetically instrumental variables predicting relationship of CD and UC on nutrient elements. (A) Forest plot of causal relationship of CD on nutrient elements. (B) Forest plot of causal relationship of UC on nutrient elements.




Causal effects of malnutrition on IBD

After synthesizing the results of various methods, we indicated that there was no causal relationship for malnutrition to IBD (Figures 4A,B). The scatter and funnel plot were also displayed in Figures 4C,D. Besides, no heterogeneity (p-value >0.05) was found but directional pleiotropy (Intercept = 0.303, p-value = 0.005) was detected (Table 3). After eliminating outliers, results of MR-PRESSO analysis showed no directional pleiotropy remained (Table 3). After that, we also analyzed the causal effects of malnutrition on CD and UC. Similarly, malnutrition could not directly lead to CD or UC (Figures 4E–H). The scatter and funnel plots were shown in Supplementary Figures S2A–D.
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FIGURE 4
 Associations of genetically instrumental variables predicting relationship of malnutrition on IBD. (A) Forest plot of causal relationship of malnutrition on IBD with different methods. (B) Sensitivity analysis of the association of malnutrition on IBD represented by SNPs. (C,D) Scatter plot and funnel plot of causality of malnutrition on IBD. (E) Forest plot of causal relationship of malnutrition on CD with different methods. (F) Sensitivity analysis of the association of malnutrition on CD represented by SNPs. (G) Forest plot of causal relationship of malnutrition on UC with different methods. (H) Sensitivity analysis of the association of malnutrition on UC represented by SNPs.




Causal effects of nutrients intake on IBD

Finally, the causal relationship of major nutrients intake (carbohydrate, fat, protein) on IBD was also evaluated and the results of MR analysis revealed that these three nutrients intake were not associated with IBD (Figures 5A,C,E). The Cochran’s Q test showed that heterogeneity only existed between protein and IBD (p-value <0.05) and the other two showed no heterogeneity with IBD (Table 3). Similarly, directional pleiotropy existed only between protein and IBD (Table 3). Through outliers removement and MR-PRESSO analysis, the pleiotropy of protein on IBD has not been eliminated (Table 3). Furthermore, risk of SNPs among different instrumental variables were shown in Figures 5B,D,F. Finally, the causal relationship, scatter and funnel plots of nutrients intake on IBD were also shown (Supplementary Figures S3A–F).
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FIGURE 5
 MR analysis of causal relationship of nutrients intake on IBD. (A,B) Detailed causality of carbohydrate intake on IBD. (C,D) Detailed causality of fat intake on IBD. (E,F) Detailed causality of protein intake on IBD.





Discussion

This study firstly investigated the causal relationship between malnutrition, nutrients intake and IBD. Through MR analysis, we ultimately concluded that IBD is likely to increase the risk of malnutrition, which was consistent with the conclusions of previous clinical researches. Meanwhile, we failed to find compelling evidence that genetically predicted the causal relationship of malnutrition and nutrients intake to IBD.

The correlation between malnutrition and the risk of IBD has been reported previously by epidemiological observations (20). Due to the long-term course of disease, IBD patients usually experience loss of appetite and reduced food intake (21). Besides, glucocorticoids and sulfasalazine treatment could also result in malabsorption of nutrients, nausea and anemia (22). Meanwhile, diarrhea and vomiting further reduce nutrients intake. In addition, prolonged inflammatory state and imbalance of intestinal flora homeostasis seriously affect intestinal digestion and absorption. After that, long-term state of unhealthy and abnormal immune response aggravates energy consumption. Finally, prolonged restrictive diet management would also lead to a significant reduction of nutrients intake. Combined with these reasons mentioned above, there are sufficient grounds to reach the conclusion that IBD could increase the risk of malnutrition (7).

Our MR analysis demonstrated the same causal relationship of IBD on malnutrition. The results revealed several SNPs directly associated with IBD and malnutrition, which supported that multiple pathways were involved in the pathogenesis of IBD induced malnutrition. Besides, both CD and UC could result in malnutrition. These results are consistent with the results of clinical study.

Interestingly, several nutrient elements were found to be directly correlated with IBD, such as fat, vitamin C, vitamin D and minerals (iron, zinc). Previous research has indicated that fat distribution of viscera was valuable for subtype distinguish of IBD (23). Long chain fatty acid intake might potentially increase the risk of colitis, which were not found in our research (24). Besides, clinical study also found a widespread decrease of VC in blood samples from IBD patients, which was consistent with results of MR analysis (25). Another research has elaborated the application value of Vitamin Din the treatment of autoimmune diseases, especially IBD (26).

In addition, nutritional support therapy is receiving increasing attention in clinical practice of IBD (27). Recently, many researches have discussed the role of nutritional support in the treatment of IBD and it has been included in relevant diagnosis and treatment guidelines (11, 28, 29). Precise dietary management were found to improve disease activity and prolong relapse interval to some extent, however, the specific clinical value and mechanism of diet management in the treatment of IBD remains unclear (30, 31).

Due to the limitation of observational research methods and the difficulty of clinical implementation of prospective studies, our study used SNPs specifically related to exposure or outcome as instrumental variables to evaluate the causal relationship of malnutrition and nutrients intake on the risk of IBD. To our surprise, the results were inconsistent with clinical experience: (1) malnutrition could not increase the risk of IBD; (2) intake of carbohydrate, fat and protein had no effect on the occurrence of IBD. We speculated that nutritional status and nutrients intake might not directly affect the progression of IBD. Firstly, nutritional support therapy is mostly decided based on the nutritional status of IBD patients. Clinical nutritional support is expected to restore the immune capacity of IBD patients and supplement the nutritional loss in the course of disease to a certain extent. Malnutrition may not have a direct effect on IBD. Similarly, the effects of nutrients intake on IBD might also be indirect. Due to the characteristics of MR analysis, mediated SNPs may have been filtered out at the beginning of our analysis, which requires further researches. Nutritional status might affect IBD through improving the immune level, regulating the homeostasis of intestinal flora and protecting the normal function of intestinal tract. Certainly, the mechanism that SNPs that mediated directly with malnutrition identified in this research remains further exploration.



Conclusion

The result of our MR analysis strongly supports the clinical findings that IBD (both CD and UC) is causally related to risk of malnutrition but there is insufficient evidence to suggest that malnutrition and nutrients intake have direct effects on IBD.
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