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Background: Recurrent abdominal pain (RAP) is one of the most common gastrointestinal disorders in children. The aim of this study was to investigate the relationship between RAP and Helicobacter pylori infection in children in Wuhu, China as well as the risk factors for Helicobacter pylori infection in this region.



Materials and methods: In this cross-sectional survey, we randomly selected children aged 6–17 years who underwent health examinations at three public hospital examination centers in Wuhu city, Anhui Province, China. Helicobacter pylori infection was assessed by a 13C-urea breath test (UBT) kit. Questionnaires were custom designed to obtain data on behavioral, sociodemographic, and environmental characteristics, and to investigate the relationship between RAP and Helicobacter pylori infection in children.



Results: A total of 1,187 children aged 6–17 years were enrolled, among these children, 182 were diagnosed with RAP, with an incidence rate of 15.3%. A total of 266 children were infected with Helicobacter pylori, with an infection rate of 22.4%. Multivariate regression analysis revealed that physical activity for <1 h/day and academic stress are associated with RAP in children, whereas Helicobacter pylori infection, age, sex, body mass index (BMI), and fast-food consumption are not associated with RAP in children. Our research also found that the risk of Helicobacter pylori infection increases with age in children. Risk factors for Helicobacter pylori infection in children include left-behind children, poor hygiene habits, family history of Helicobacter pylori infection, and mother with low cultural levels.



Conclusions: Recurrent abdominal pain in children in Wuhu, China was not associated with Helicobacter pylori infection, but strongly associated with <1 h/day physical activity and academic stress.
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Introduction

Abdominal pain is a common problem in pediatric practice. Most children present with transient acute abdominal pain, but some children experience recurring symptoms of abdominal pain as recurrent abdominal pain (RAP) (1). RAP in children is defined as at least three episodes of pain that occur over at least three months and affect ability of normal activitie. RAP often causes psychological problems for children and their parents, such as nervousness and anxiety (2, 3). Effective treatment methods for RAP are currently lacking, and patients repeatedly undergo medical examinations and treatments, which not only wastes medical resources but also increases the economic burden on families and affects the quality of life of the children and their parents (4–6). RAP is also an important factor in children's absenteeism and poor academic performance (7–9).

It is generally accepted that RAP represents a group of functional gastrointestinal disorders in children that have an unclear etiology. The pathogenesis of RAP in children may be related to factors such as mental stress, abnormal brain–gut axis interactions, eosinophilic gastroenteritis, and carbohydrate intolerance (10–13). The etiology of RAP is not clear, and clarifying the risk factors for RAP will provide reliable evidence for its treatment.

Some scholars have reported that Helicobacter pylori infection is associated with RAP in children (14–16), but there are also different opinions, suggesting that most children infected with Helicobacter pylori are asymptomatic and do not experience RAP (17, 18). At present, there is still controversy regarding the relationship between RAP and Helicobacter pylori infection. Especially in China, where there is a lack of reports on the relationship between RAP in children and Helicobacter pylori infection. The aim of this study was to investigate the relationship between RAP and Helicobacter pylori infection in children in Wuhu, China, and to determine the risk factors and epidemiological characteristics of Helicobacter pylori infection in children in this region. This study will provide epidemiological evidence for the prevention and treatment of RAP and Helicobacter pylori infection.



Materials and methods


Study objects and groups

From February 1, 2024, to April 31, 2024, we randomly selected healthy children aged 6–17 years from the physical examination centers of three public hospitals in Wuhu (The First Affiliated Hospital of Wannan Medical College, the Second Affiliated Hospital of Wannan Medical College, and the First People's Hospital of Wuhu city) as the research subjects. A total of 1,187 children were included, and all enrolled children underwent a 13C-urea breath test (UBT).

The exclusion criteria were as follows: (1) having a guardian who was unwilling to sign the informed consent form; (2) having organic lesions, such as peptic ulcers, inflammatory bowel disease, liver or gallbladder disease, respiratory system disease, cardiovascular disease, or urinary system disease; (3) having taken antibiotics in the past month or proton pump inhibitors, H2 receptor antagonists and drugs containing bismuth orally in the past two weeks; (4) having a history of Helicobacter pylori eradication.

According to whether children have RAP, all the children were divided into a RAP group and a non-RAP group to investigate the risk factors for RAP. According to the results of 13C-UBT, all the children were divided into a Helicobacter pylori-positive group and a Helicobacter pylori-negative group to investigate the risk factors for Helicobacter pylori infection (Figure 1).


[image: Figure 1]
FIGURE 1
Flowchart of participant recruitment and group assignment.




Diagnosis of RAP and Helicobacter pylori infection

The diagnostic criteria for RAP were as follows: (1) having at least 3 episodes within 3 months; (2) experiencing nonspecific, intermittent pain attacks rarely accompanied by colic; (3) having pain mostly located in the umbilical area or around the navel without a fixed area, with abdominal examination revealing mild tenderness or no abnormalities in the umbilical area; and (4) experiencing nausea, vomiting, and bloating as accompanying symptoms (1).

The diagnostic methods and criteria for Helicobacter pylori infection were as follows: children were tested for Helicobacter pylori infection by 13C-UBT kit. Children with a delta over the baseline (DOB) ≥4.0 were considered Helicobacter pylori-positive, and those with a DOB <4.0 were considered Helicobacter pylori-negative.



Data collection

A relevant questionnaire was developed according to the research content. Face-to-face interviews were conducted with all the participating children, and the questionnaires were completed with the consent and assistance of their guardians. All interviews were conducted by trained investigators. The questionnaire collected data on the following: name, sex, age, height, weight, abdominal pain characteristics (location, onset time and frequency, accompanying symptoms), 13C-UBT results, physical activity level (≥1 h/day, <1 h/day), academic stress status (1 = not at all; 2 = a little; 3 = some; and 4 = a lot; a score of 3–4 was considered to indicate academic stress), fast-food consumption (fast food is defined as pre made meals that can be quickly served to customers, such as hamburgers, pizzas, boxed meals, and instant noodles. The frequency of consuming fast food is divided into three situations. occasionally = ≤2 times/week, sometimes = 3–4 times/week, often ≥5 times/week), place of residence (rural or urban), left-behind status, personal hygiene habits (frequency of tooth brushing and washing hands before meals), parental education levels, parental history of Helicobacter pylori infection, dishwashing methods (washing dishes with a basin or running water), tableware disinfection status, and total household income level.

The study was approved by the Ethics Committee of Yijishan Hospital, The First Affiliated Hospital of Wannan Medical College, and all guardians of the children included in the study signed an informed consent form indicating voluntary consent to participating in the study.



Statistical analysis

Statistical analyses were conducted via SPSS 26.0 software (IBM, Armonk New York, USA) and R software (version 4.3.1). Categorical variables are reported as counts and percentages and were evaluated via chi-square tests or Fisher's exact tests, as appropriate. Continuous variables are reported as the mean ± standard deviation (SD) and were evaluated via a t-test or the Kruskal–Wallis test, as appropriate. All variables were explored by univariate analysis, and variables with P < 0.1 in univariate analysis were entered into the multivariate logistic regression analysis. The data are expressed as ORs and 95% confidence intervals (CIs). P < 0.05 was considered statistically significant.




Results


Baseline patient characteristics

After excluding participants aged ≥18 years or <6 years, those with incomplete data and those who were unwilling to complete the questionnaire survey, we included a total of 1,187 children with valid questionnaires with an age range of 6–17 years from three public hospital examination centers in Wuhu. Among the included children, 621 were male (52.3%) and 566 were female (47.7%).



Incidence rates of RAP and Helicobacter pylori infection in children

According to the diagnostic criteria of RAP, among the 1,187 participants, 182 were diagnosed with RAP (15.3%), including 86 males (47.3%) and 96 females (52.7%). The results of 13C-UBT revealed that among the 1,187 children, 266 were infected with Helicobacter pylori, with an infection rate of 22.4%, including 137 males (51.5%) and 129 females (48.5%).



Risk factors for RAP in children

The subjects were divided into two groups: the RAP group and the non-RAP group. Multivariate regression analysis revealed that academic stress (OR = 1.378, 95% CI: 1.009–1.713) and less than 1 h physical activity per day (OR = 1.616, 95% CI: 1.528–1.863) were independent risk factors for RAP. RAP was not associated with sex, BMI, frequent of fast-food consumption, or Helicobacter pylori infection status. The study subjects were divided into two age groups: 6–11 years and 12–17 years. Although the incidence of RAP was greater in younger children than in older children, logistic regression analysis revealed that age was not an independent risk factor for RAP (OR = 1.294, 95% CI: 0.930–1.801) (Table 1).


TABLE 1 Univariate and multivariate analyses of demographic characteristics and Helicobacter pylori infection in the RAP and non-RAP groups.
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Risk factors for Helicobacter pylori infection in children

An investigation of the Helicobacter pylori-positive group and Helicobacter pylori-negative group revealed that age (OR = 2.139, 95% CI: 1.757–4.219), left-behind status (OR = 1.813, 95% CI: 1.318–2.981), lack of handwashing before meals (OR = 2.257, 95% CI: 1.821–4.471), low maternal education level (OR = 2.629, 95% CI: 1.725–4.163), paternal history of Helicobacter pylori infection (OR = 1.923, 95% CI: 1.226–3.018), maternal history of Helicobacter pylori infection (OR = 4.153, 95% CI: 2.735–6.306), washing dishes in a basin (OR = 3.250, 95% CI: 1.921–5.498), and not disinfecting tableware (OR = 2.146, 95% CI: 1.447–3.182) were independent risk factors for Helicobacter pylori infection in children in Wuhu, China. Helicobacter pylori infection was not related to sex, place of residence (urban or rural), frequency of tooth brushing, or total household income. High paternal education level was a protective factor against Helicobacter pylori infection (OR = 0.538, 95% CI: 0.357–0.811) (Table 2).


TABLE 2 Univariate and multivariate analyses of the demographic characteristics of the participants in H. Pylori-positive and H. Pylori-negative groups.
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Discussion

The aim of this study was to investigate the relationship between RAP and Helicobacter pylori infection in children in Wuhu, China as well as the risk factors for Helicobacter pylori infection in this region. We randomly selected 1,187 children from the physical examination centers of three public hospitals in Wuhu, China. Our survey revealed that the incidence rate of RAP in children was 15.3%. The Helicobacter pylori infection rate in the RAP group was 20.3%, and the Helicobacter pylori infection rate in the non-RAP group was 22.8%. There was no significant difference between the two groups. We think that RAP may not be associated with Helicobacter pylori infection. Korotkaya Y et al. (19) reported that although Helicobacter pylori infection is prevalent in low- and middle-income countries, most children have no symptoms and that there is no association between Helicobacter pylori infection and RAP. Wauters L et al. (20) found that RAP in children is associated with increased eosinophils in the duodenum and not with Helicobacter pylori infection. These studies are essentially in agreement with our survey results.

However, there are also different opinions, suggesting that Helicobacter pylori infection can induce RAP in children. Alimohammadi H et al. (21) conducted a survey of 1,558 school-aged children (aged 6–13 years) in Iran and reported that the prevalence of RAP was 9.3%. The Helicobacter pylori infection rate in children with RAP was significantly greater than that in healthy controls, indicating that Helicobacter pylori infection is an important risk factor for RAP in children. A survey in Romania (22) on Helicobacter pylori-positive children revealed that RAP was the most common symptom in children infected with Helicobacter pylori. Habib HS et al. (23) conducted a cross-sectional survey of high school students in Saudi Arabia and reported that, compared with Helicobacter pylori-negative students, Helicobacter pylori-positive students were significantly correlated with symptoms such as recurrent abdominal pain, anorexia, and nausea. The relationship between RAP and Helicobacter pylori infection in children remains controversial, and large-scale multicenter studies are needed to provide more evidence in the future.

Currently, the risk factors for RAP in children remain unclear. Our research revealed that sex, age, and fast-food consumption are not associated with RAP, whereas <1 h/day physical activity and academic stress are associated with RAP in children. Some studies have reported that dietary factors, mental stress, abnormal brain-gut axis interactions, eosinophilic gastroenteritis, and other factors may be involved in the pathogenesis of RAP in children (11–13). In China, most parents are accustomed to forcing their children to attend an excessive number of tutoring classes. Children spend more time studying but less time engage in physical activities, which can easily lead to anxiety and depression, resulting in physical discomfort and the occurrence of functional disorders.

Although our investigation found no association between Helicobacter pylori infection and RAP in children, Helicobacter pylori infection remains one of the common pathogenic bacteria that poses a great threat to human health. Recent studies have confirmed the increasingly common pathological role of Helicobacter pylori even in asymptomatic children (24, 25). Helicobacter pylori infection can lead to delayed growth and development in children (26).

Helicobacter pylori infection is distributed globally. Our research found that the Helicobacter pylori infection rate in children in Wuhu area was 22.4%. A meta-analysis of Li Xingchuan et al. (27) on Helicobacter pylori infection in Chinese children revealed that the overall Helicobacter pylori infection rate in the Chinese natural population of children and adolescents was 29%, with significant regional distribution differences. The Helicobacter pylori infection rate in areas with a high incidence of gastric cancer was 2.8 times higher than that in areas with a low incidence of gastric cancer. The Helicobacter pylori infection rate in children in Wuhu area was lower than that reported by Li Xingchuan, indicating it may be related to the decline in the Helicobacter pylori infection rate in China in recent years, and Wuhu is a non-gastric cancer epidemic area.

A meta-analysis involving 198 articles and 152,650 children (28) revealed that the overall prevalence of Helicobacter pylori infection in children worldwide is 32.3%. The prevalence of Helicobacter pylori infection in low- and middle-income countries is significantly greater than that in high-income countries (29). Due to differences in race, regional environment, lifestyle habits, demographic characteristics, sample size, and testing methods among research subjects, the survey results of Helicobacter pylori infection in children worldwide also differ, with infection rates ranging between 30.5% and 40.1% (30).

Furthermore, we divided the research subjects into two age groups and found that the Helicobacter pylori infection rate in children aged 12–17 was higher than that in children aged 6–11. Ren S et al. (31) reported that China is a country with a high incidence of Helicobacter pylori infection, ranging from 28.0% in children and adolescents to 46.1% in adults, and the risk of Helicobacter pylori infection increases with age, which is essentially consistent with our research findings.

Hygiene habits are closely associated with Helicobacter pylori infection. Our investigation revealed that having poor hygiene habits, such as not washing hands before meals, using a basin to wash dishes, and not disinfecting tableware, and having a family history of Helicobacter pylori infection are risk factors for Helicobacter pylori infection in children. Studies have shown that (26, 27) more siblings or children, sharing rooms, lack of a sewage treatment system, and history of maternal Helicobacter pylori infection are risk factors for Helicobacter pylori infection in children, which is consistent with the our findings. The relationship between brushing frequency and Helicobacter pylori infection remains controversial. Research has reported (32) that brushing teeth ≤1 per day is a risk factor for Helicobacter pylori infection. However, our study revealed that Helicobacter pylori infection in children is not associated with Brushing frequency.

The relationship between parental education level and Helicobacter pylori infection in children has garnered considerable attention in recent years. Our investigation shows that low maternal education level is an independent risk factor for Helicobacter pylori infection. Polivanova TV et al. (33) reported that in children in the Caucasus region of Russia, there is a negative correlation between Helicobacter pylori infection rates and maternal education levels. This is consistent with our research. Additionally, our survey indicates that a father's high level of education is a protective factor in preventing Helicobacter pylori contamination.

It is generally held that place of residence and household income may be associated with Helicobacter pylori infection. In the current study, we found that Helicobacter pylori infection in children in Wuhu area is neither related to whether they reside in rural or urban areas, nor to their family's economic income. Previous research reported (34) that living in rural areas and low total household income are risk factors for Helicobacter pylori infection. This is inconsistent with our research findings and might be attributed to the developed economy, rural urbanization, and reduced urban‒rural disparities in Wuhu area in recent years.

Additionally, our research revealed that being left behind is an independent risk factor for Helicobacter pylori infection in children in Wuhu area. Chinese left-behind children are generally taken care of by elderly family members over 60 years old. In developing countries, the elderly population has a low education level and poor hygiene habits (35), which may be the main reason for Helicobacter pylori infection in left-behind children.

The primary strength of our study is that it was a multicenter study on the relationship between RAP and Helicobacter pylori infection in children in Wuhu, China, and the risk factors for Helicobacter pylori infection in children in this region with a large sample size. This study provides epidemiological evidence for the prevention and treatment of RAP and Helicobacter pylori infection. There are also limitations to this study. Our survey subjects were limited to the Wuhu area, and surveys were not conducted in other regions of China. Our sample is not representative of all Chinese children. Moreover, regional differences may also result in our research findings not reflecting the actual situation of China's overall child and youth population. Therefore, it is necessary to conduct larger-scale surveys or comparative studies across multiple regions in the future.



Conclusions

The incidence rate of RAP in children in Wuhu, China, is 15.3%. RAP in children was not associated with Helicobacter pylori infection, but strongly associated with <1 h/day physical activity and academic stress. It is necessary to pay attention not only to the clinical symptoms but also to the physical activity and academic stress of the children. Only by combining physical and mental treatment can the optimal treatment be provided for children with RAP. In addition, our investigation revealed that the Helicobacter pylori infection rate among children in Wuhu area was 22.4%. Left-behind status, poor hygiene habits, low maternal education level, and family history of Helicobacter pylori infection are risk factors for Helicobacter pylori infection in children. Our study may provide epidemiological evidence for the prevention and treatment of Helicobacter pylori infection in this region.
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