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Background and aims: The clinical aspects of Crohn’s disease (CD) at diagnosis determine its therapy and management. The onset of CD follows a seasonal pattern. We aimed to analyze changes in the clinical features and seasonal variations of newly CD patients over the last decade.

Methods: CD patients were divided into cohort 1 (2012–2016) and cohort 2 (2017–2021). The clinical characteristics were collected and the trends according to the year and season of diagnosis were analyzed.

Results: A total of 2038 patients were included. Cohort 1 had a considerably greater proportion of diarrhea, fever, hematochezia, weight loss and extraintestinal manifestations. The levels of platelet and C-reactive protein were higher in cohort 2 patients, but the opposite was true for albumin levels (p<0.05). The rate of increased eosinophils, increased gangliocyte and abundant lymphoplasmacytic infiltrate significantly decreased over the years. Patients with granulomas were diagnosed with CD at an earlier age (p = 0.006). Cohort 1 patients used more conventional drugs, while cohort 2 patients apply more biologics (p<0.05). The diagnosis occurred more frequently in summer and less frequently in winter. Patients diagnosed in winter had notably higher BMI, lower frequency of perianal disease and lowest incidence of asthenia and weight loss.

Conclusion: The clinical phenotype, laboratory and pathological characteristics of CD has changed over time in China. The diagnosis of CD tends to have a seasonal trend with the highest incidence in summer. CD patients diagnosed in winter appear to have a milder form of the disease.
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1 Introduction

Crohn’s disease (CD) is an idiopathic chronic inflammatory bowel disease (IBD) caused by a combination of environmental factors, genetic susceptibility and gut microbiota (1). According to current epidemiological studies, the global incidence of CD ranges from 0.1 to 16 per 100,000 people. The incidence is higher in industrialized countries than in developing countries (2). In recent years, CD has become more common in Asian countries such as Korea and Japan (3, 4). In China, CD is still a rare disease, although the incidence is increasing year by year. National epidemiological data on the incidence of CD are not yet available. The incidence of CD in urban China is 0.71 per 100,000 person-years in 2016 (5). Furthermore, the incidence of CD varies geographically, with a higher incidence in southern than in northern, as evidenced by an incidence rate of 1.09 per 100,000 person-years in Guangdong Province and 0.51 per 100,000 person-years in Daqing, Heilongjiang Province (6, 7).

At the time of diagnosis, patient demographics and disease behavioral aspects are thought to play an essential role in directing CD treatment and management (8). Differences in the epidemiology, genetic background and disease presentation of CD patients between Western and Asian countries have been reported (9, 10). In addition, the gender ratio of patients at diagnosis of CD is unusual across countries. In the United States, a slightly higher proportion of females than males are diagnosed with CD, whereas in Asian countries such as China, Japan and Korea, the proportion of males is higher than that of females (11–14). Due to ethnic variation, we need to investigate the demographic characteristics and disease profile of Asian CD patients at diagnosis. Furthermore, seasonal changes may influence the onset of IBD. It was discovered that the onset of IBD in children had a seasonal tendency, with a higher incidence in autumn and more complications in patients diagnosed in summer (15, 16). Data from a Japanese study suggested that adults with CD had a considerably greater incidence in the summer than in other seasons (17).

To date, investigations on the clinical characteristics of the CD population at diagnosis in China are still limited, particularly in terms of their temporal variation. Therefore, the aim of this study was to retrospectively analyze the clinical phenotypic, laboratory and pathological characteristics of newly diagnosed CD patients during the last 10 years and to describe the seasonal variation of disease manifestations at diagnosis. We were particularly interested in the temporal alterations of medical therapy and seasonal variations in the onset of CD.



2 Materials and methods


2.1 Study design and population

We retrospectively evaluated 3,083 consecutive CD patients attending the Sixth Hospital of Sun Yat-sen University (Guangzhou, China) from January 2012 to December 2021. The diagnosis of CD in children and adults was based on the Porto criteria and the criteria published by the European Crohn’s and Colitis Organization, respectively (18, 19). We collected the following information from patients at the time of CD diagnosis: demographic data, smoking and alcohol history, family history of IBD, clinical presentation, endoscopic findings, laboratory data, histological results, season of diagnosis and treatment medications. Data was collected from clinical records. Patients with incomplete clinical information or a stoma could not meet the inclusion criteria. In addition, patients with concomitant severe cardiac, pulmonary, neurological, mental, and other serious immunological disorders at the time of CD diagnosis were also excluded. Finally, we enrolled a total of 2038 CD patients. The study was reviewed and approved by the Ethics Committee of the Sixth Hospital of Sun Yat-sen University and an exemption from informed consent was obtained because of the retrospective study design.



2.2 Methods

The CD disease site and localization were identified using the Montreal classification (20). Disease sites were classified as L1 (ileum), L2 (colon), L3 (ileocolon). In addition, lesions involving only the upper gastrointestinal tract were considered as isolated L4 disease. Disease behavior could be categorized as B1 (nonrestrictive, non-penetrating), B2 (strict), or B3 (penetrating). Endoscopic evaluations were performed using the simple endoscopic score for CD (SES-CD) (21). We applied a modified version of SES-CD for an endoscopic evaluation of the small bowel, called the Simple Endoscopic Active Score for CD (SES-CDa) (22). The modified Rutgeerts’ score was used as endoscopic scoring system to assess the severity of recurrence of inflammation at the ileocolic anastomosis and in the neoterminal ileum (23). We conducted this study in Guangzhou, China, thus the seasons are defined as: spring (March, April and May), summer (June, July and August), autumn (September, October and November) and winter (December, January and February).



2.3 Statistical analysis

Continuous variables were expressed as the mean ± standard deviation (SD) if they followed normal distribution, and in case of non-normal distribution, median and range were used. They were analyzed by the independent sample t-test or the Mann–Whitney test. Categorical variables are described as counts with percentages and were evaluated using the chi-square test or Fisher’s exact test. Statistical significance was defined as a two-tailed p < 0.05. SPSS 22.0 software (IBM, Sommers, NY, USA) was used for statistical analysis. Image drawing was performed using GraphPad Prism 6 version 7.0 (GraphPad Software, USA).




3 Results


3.1 Patient characteristics

In the recent decade, a total of 3,083 CD patients was newly diagnosed between January 2012 and December 2021. 1,045 patients (33.9%) were excluded because of incomplete information. Finally, 2038 patients with CD were enrolled in this study. We separated the patients into two groups: cohort 1 (diagnosed between 2012 and 2016) and cohort 2 (diagnosed between 2017 and 2021). Figure 1 displays the flowchart of the cohort. The baseline characteristics of the cohort 1 and cohort 2 are summarized in Table 1. 74% of newly diagnosed CD patients were male. The average age of CD patients at diagnosis was 28.23 ± 15.51 years. Only 8 patients (0.4%) had a family history of IBD. Cohort 1 showed more frequently smoking history and alcohol intake when compared with cohort 2 (7.7% vs. 4.8%, p = 0.009; 12.9% vs. 2.0%, p<0.001, respectively). Ileocolonic disease (L3, 70.1%) was the most common location at diagnosis, followed by colonic (L2, 16.0%) and ileal (L1, 8.6%) disease. A total of 1,368 patients (67.1%) displayed nonstricturing, nonpenetrating behavior at diagnosis. The percentage of perianal disease at diagnosis and perianal operation before diagnosis were not different between cohort 1 and cohort 2, nor was there a difference between perianal operation and intestinal resection at diagnosis. Cohort 2 had a lower proportion of intestinal resections before diagnosis than cohort 1 (11.0% vs. 14.3%, p = 0.043).
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FIGURE 1
 Flow diagram detailing study inclusion and exclusion.




TABLE 1 Baseline characteristics of 2038 patients with CD.
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3.2 Clinical symptoms

As shown in Figure 2A, we counted the clinical symptoms commonly seen in CD patients at diagnosis, including abdominal pain, diarrhea, abdominal mass, fever, hematochezia, perianal pain, asthenia, vomiting, and weight loss. Compared with cohort 2, patients in cohort 1 had a larger proportion of symptoms of diarrhea, fever, hematochezia, and weight loss (50.0% vs. 43.7%, p = 0.01; 22.0% vs. 12.0%, p<0.001; 25.0% vs. 19.3%, p = 0.004; 55.6% vs. 48.5%, p = 0.004, respectively). We were equally interested in the incidence of extraintestinal manifestations and found that 12.71% of patients exhibited extraintestinal symptoms, with cohort 1 having a greater percentage than cohort 2 (16.9% vs. 11.1%, p<0.001, Figure 2B). We further found that the incidence of oral ulcers was higher in cohort 1 than in cohort 2 (15.3% vs. 8.7%, p<0.001, Figure 2B), whereas there were no significant differences in other extraintestinal manifestations such as arthralgia, erythema nodosum and skin rash (p>0.05).

[image: Figure 2]

FIGURE 2
 Clinical symptoms, extraintestinal manifestations, and histological characteristics of CD patients. (A) Comparing the percentage of clinical symptoms between cohort 1 and cohort 2. (B) Comparison of incidence of extraintestinal manifestations between cohort 1 and cohort 2. (C) Comparison of cohort 1 and cohort 2 histological characteristics. *p<0.05, **p<0.01, ***p<0.001.




3.3 Laboratory, endoscopic and histological characteristics

We analyzed laboratory indicators reflecting inflammatory activity and nutritional status, and discovered that the levels of platelet and C-reactive protein (CRP) were considerably greater in cohort 2 patients than in cohort 1 patients, although the opposite was true for albumin levels (Table 2). There was no statistical difference in SES-CD between cohort 1 and cohort 2. Furthermore, we investigated recurrence by comparing Rutgeerts scores in newly diagnosed patients with a history of intestinal resection and observed no difference in recurrence rates between the two cohorts (Table 2). The rate of increased eosinophils, increased gangliocytes and abundant lymphoplasmacytic infiltration has dramatically decreased over the years (Figure 2C). Patients with pathologically present granulomas were diagnosed with CD at a younger age than patients without granulomas (27.19 ± 9.97 vs. 28.93 ± 18.29, p = 0.006), but no significant differences were detected in the incidence of perianal disease, perianal operation and intestinal resection at diagnosis.



TABLE 2 Endoscopic evaluations, laboratory date and medical therapy of CD patients.
[image: Table2]



3.4 Medical treatment

The medical therapy options for CD had changed dramatically over the last decade. As shown in Table 2, patients newly diagnosed with CD in the first 5 years were substantially more likely to be treated with 5-aminosalicylates (5-ASA), azathioprine, and thalidomide than those diagnosed in the second 5 years (11.4% vs. 6.6%, p<0.001; 36.8% vs. 23.3%, p<0.001; 5.8% vs. 3.7%, p = 0.032, respectively). However, the proportion of cohort 1 patients receiving anti-tumor necrosis factor (anti-TNF) agents was significantly lower than that of cohort 2 patients (32.3% vs. 37.6%, p = 0.025). Similar outcomes were also seen when comparing the percentage of patients in each group who received exclusive enteral nutrition (13.7% vs. 22.7%, p<0.001).



3.5 Seasonality of CD at diagnosis

We investigated the seasonal trend of CD when patients were diagnosed for the first time. The first CD diagnosis occurred more frequently in summer and less frequently in winter. Furthermore, we found significant variations in the seasonal distribution of cohort 1 and cohort 2 at diagnosis (p = 0.035, showed in Table 1). Therefore, we present the clinical data of patients based on the season of diagnosis in Table 3. BMI at CD diagnosis varied significantly among seasons (p<0.001). Patients had notably higher BMI at diagnosis in the winter than in other seasons. We discovered that the season had an effect on the frequency of perianal disease at diagnosis. Perianal disease was diagnosed less frequently in the winter [winter (56.5%), spring (61.6%), summer (66.8%), autumn (62.3%), p = 0.012]. In terms of clinical presentation, there were seasonal changes in asthenia and weight loss, with the lowest prevalence in winter (p = 0.045 and p<0.001, Figure 3). No seasonal variation was seen in extraintestinal manifestations. Due to the increasing frequency of biological treatment, we also analyzed the frequency of biological treatment in different seasons at diagnosis, and found that seasonal differences in biological application (p = 0.025), with the highest frequency of usage in summer (41.1%).



TABLE 3 Patient characteristics at diagnosis according to season.
[image: Table3]

[image: Figure 3]

FIGURE 3
 Clinical symptoms in patients with CD diagnosed in various seasons. *p<0.05, ***p<0.001.





4 Discussion

This is one of the largest studies to date describing disease phenotype of CD patients at diagnosis in China. The increasing tendency over the last few decades necessitates a greater focus on the characteristics of CD in newly developed Chinese population. However, Chinese studies analyzing the characteristics of CD patients are limited, and the changes in disease phenotype at diagnosis is unclear. In this study, we investigated the changes in clinical aspects of CD patients over the last decade for the first time. 74% of the 2038 CD patients were male. This revealed a higher male occurrence, which was consistent with the findings of previous Chinese and Asian studies but contradicted the findings of Western studies (5, 7, 11, 13, 14). In China, we found no significant change in the gender distribution of CD patients over time. The average age at of CD patients at diagnosis is similar between 2012 and 2021. Several studies have suggested that a positive family history in IBD patients ranges from 1.5 to 2.5% in Korea, 5 to 39% in the United States, and Europe falls somewhere in between (24–26). The positive family history of IBD in our data was 0.4%, and it did not grow over time. Because we included CD patients rather than IBD patients, our rate was lower than the results of other trails. Some specific risk factor exposures, such as smoking and alcohol intake, may promote the development of CD. We discovered that CD patients diagnosed between 2017 and 2021 had a considerably lower history of smoking and alcohol intake than those diagnosed between 2012 and 2016. This shows that Chinese patients may have gradually become more health conscious in recent years, rejecting poor lifestyle.

In addition to gender distribution, previous studies have indicated that clinical features of Asian CD patients also differ from those of Western CD patients in disease location and frequent perianal lesions at diagnosis (7, 14, 27). In Korea, approximately 64.7–68% of CD patients have ileocolonic disease, and 42.2–47% have perianal disease at diagnosis, whereas Western studies have found lower proportions of ileocolonic disease and perianal disease (28, 29). In our study, 70.1% of patients have ileocolonic disease and 62.9% have perianal disease, which is similar to the findings of other study in China (7) and the Korean studies mentioned above. The exact cause of the aforementioned variability is still unknown. Genetics, environmental variables, microbiome factors and other unrevealed reasons may have contributed to this phenomenon. The frequency of perianal disease in Chinese CD patients has increased over the last decade, although no significant difference exists.

The clinical manifestations of CD patient in China have also changed over time. In our data, the rate of diarrhea, fever, hematochezia and weight loss are significantly higher in the first 5 years than in the second 5 years between 2012 and 2021. Our results also reveal that extraintestinal manifestations occurring in 12.81% of patients, which is in line with other Asian reports (30, 31) and lower than Western studies (32, 33). In contrast to our findings, another prior Chinese study had reported the frequency of extraintestinal manifestations in CD patients was comparable to that of Western countries, at around 38% (7). We speculate that the reason for the discrepancy between the two studies is due to the fact that the prior study only comprised 48 patients, with the majority of them coming from Zhongshan, Guangdong. In contrast, our hospital is one of the largest IBD medical centers in China, and our patients come from all across the country. A relatively large number size of CD patients was enrolled in our study.

We next investigated changes in blood cell counts and biochemistry results and found that a large increase in platelet and CRP levels, as well as a significant decrease in albumin levels, among newly diagnosed CD patients over the last decade. These results indicate that the severity of CD patients seen at our IBD medical center is increasing year after year, implying that our center is becoming more influential in China. Microscopically, increased eosinophils, abundant lymphoplasmacytic infiltrate, granulomas, fissurated ulcer, pyloric gland metaplasia, cryptic architectural distortion and neural hyperplasia are frequent findings in CD (34–36). Although a granuloma has been used as a definitive criterion for the diagnosis of CD, its role in the pathophysiology and prognosis of CD remains unclear. The number of patients with increased eosinophils, abundant lymphoplasmacytic infiltrate and neural hyperplasia decreased dramatically over the decade, however the proportion of patients with granulomas did not change significantly in our study. We speculate that changes in specific environmental exposures over the last decade that could explain the considerable reductions in these pathological manifestations.

Since the 1990s, 5-ASA, corticosteroids and immunomodulators such as azathioprine/6-mercaptopurine have been widely used in the treatment of CD in China. Anti-TNF agents have become the mainstay of therapy in recent years due to increased availability and reimbursement by health insurance. We found that more newly diagnosed CD patients received anti-TNF therapy over the last decade, while fewer patients received 5-ASA and thiopurines. Additionally, the emergence of novel biologic agents, namely vedolizumab (VDZ) and ustekinumab (UST), has expanded medical options for disease control in China. However, they are not initially covered by health insurance, which limits the use of novel biologics. We do not display UST or VDZ data in this section.

Researchers have been interested in the seasonal variations in CD, and the findings are contradictory. Although studies from Japan and Italy have shown that the onset of CD is more likely in the summer (17, 37), another European investigation found no seasonality in disease onset (38). To the best of our knowledge, limited information is available on the seasonality of newly diagnosed CD in China. As a result, we investigated seasonal variations in CD diagnosis. We found that the proportion of identified CD was significantly higher in the summer than in other seasons. At present, no research findings can provide a clear explanation for the underlying mechanisms pertaining to IBD’s seasonality. The genesis and aggravation of CD are influenced by environmental factors. We believe temperature is one of the primary environmental elements and directly regulates the immune system. Inappropriate immune activation can trigger CD. We predicted that seasonal trends in CD diagnosis could be attributable to seasonal fluctuations in immunological responses, characterized by lower production of proinflammatory cytokines in the winter (39) and higher secretion of inflammatory mediators and leukocyte activity in the summer (40). Intestinal infections, such as enterovirus, salmonella and campylobacter infections, might peak in the summer, whereas respiratory infections are more likely in the autumn and winter. Seasonal exposure to these pathogenic pathogens may result in an immunological response that triggers intestinal inflammation. Intestinal infections and antibiotic use can also contribute to altered gut microbiota and damage to the intestinal mucosal, which can play an important role in the pathogenesis of CD (41, 42). These factors may account for the greater rate of CD diagnosis in the summer. In addition, there were seasonal variations in the incidence of perianal disease at diagnosis, with our data showing that summer is the most common season for perianal disease and winter is the least common season. The proportion of clinical symptoms also varies according to the season of diagnosis. Our results showed that the incidence of asthenia and weight loss is lowest incidence in the winter. This suggests a seasonal nature to the exacerbation of CD. CD patients diagnosed in the winter appear to have a milder form, whereas those diagnosed in the summer appear to have more sever disease. Our findings contradict other studies (17, 43). It is imperative to acknowledge that the seasonality of exacerbation may be influenced by the immune response and intestinal infections as previously described, but also by the seasonal secretion of corticoids (44), the seasonal habits or the cultural environment of each country (45). All of the mechanisms listed above are currently speculative. It would be worthwhile to explore the specific mechanisms by which seasonal changes contribute to the onset and development of CD. While we investigate the relationship between seasonal variations and CD diagnosis, the impact of geography on seasonal temperatures cannot be overlooked. Previous studies have linked latitude and geographical variations to risk of CD (46, 47). Our hospital is located in the subtropical city of Guangzhou in southern China, where the seasonal temperature difference varies less than in other parts of China. The origin of the patients was a key factor influencing the findings in this study. It should be emphasized that our hospital is known as one of the earliest and largest IBD centers in China. Patients visiting our center come from all around the country and are not confined to Guangdong province. The seasons in this study are defined according to the Chinese division of the four seasons. The authors believe that geographical considerations are not significant to the outcomes of this investigation.

The main strength of this study was the participation of over 2000 patients in China and the analysis of CD patients newly diagnosed in last 10 years, which could fill the knowledge gap regarding changes in disease phenotype and seasonal variations in CD patients. However, there are several limitations to this study. The first limitation is the retrospective and single-center design. Second, we must realize that the data presented here were not population-based. This was a hospital-based and cohort study. Therefore, the clinical manifestations of our research subjects may be relatively serious. Third, CDAI scores were lacking in some retrospectively collected data, so we failed to provide the comparison results of CDAI at diagnosis. CD is common among adolescents, the majority of whom are in school. This group of symptomatic patients may only visit the hospital to be diagnosed with Crohn’s disease over the extended summer vacation. The effect of enrolled patients’ occupation and age on seasonal fluctuation in disease diagnosis was not investigated in our study. This is an additional limitation of this study.



5 Conclusion

In conclusion, our study revealed that the clinical phenotypic, laboratory and pathological characteristics of CD patients newly diagnosed in China has changed over the last decade. The diagnosis of CD tends to have a seasonal tendency with the highest incidence in the summer. CD patients diagnosed in the winter appear to have a milder form of the disease.
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