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Objectives

To investigate the gut microbiota in children with varying degrees of idiopathic short stature (ISS) and to examine the relationship between their intestinal microbiota and lifestyle factors, including diet, exercise, medication, sleep, and psychological state.





Methods

A retrospective study involving 58 ISS children was conducted from May to October 2022. Lifestyle data were collected using questionnaires. Fecal samples were analyzed using 16S rRNA gene sequencing to assess microbiota diversity and composition. LEfSe analysis identified differential bacterial communities between ISS-2SD and ISS-3SD groups (LDA score ≥ 2.5). Spearman correlation analysis explored the relationship between microbiota diversity, dominant taxa, and lifestyle factors, visualized in a heatmap.





Results

No significant differences in alpha diversity of intestinal microbiota were observed among children with varying degrees of short stature at the ISS, but differences were noted in the dominant microbiota. The ISS-2SD group had Leptotrichiaceae and Sneathia as predominant members, whereas the ISS-3SD group was dominated by Lachnoclostridium, Thermous_scotoductus and Thermoles. Correlation analysis revealed that microbiota diversity was linked to diet, especially legume consumption (Shannon index: r=0.372, P=0.004; Simpson index: r=0.379, P=0.003). At the genus level, Prevotella was positively correlated with beverage intake (r=0.262, P=0.047) and sleep quality (r=0.324, P=0.013), while Ezakiella was negatively correlated with meat intake (r=-0.297, P=0.024), Other genera exhibited significant correlations with diet, exercise, and sleep.





Conclusion

Children with varying degrees of short stature exhibited differences in their dominant intestinal microbiota. Diet, exercise, and sleep appear to be significant factors influencing these microbial changes in ISS children.
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1 Introduction

ISS refers to the short stature with normal growth hormone (GH) level and no underlying pathological state. Although living in similar environment, the height is 2 standard deviations (-2SD) lower than the average value of children of the same age, gender and race (1). The physical and social harm caused by short stature for children is very obvious. Research has indicated that ISS can engender substantial psychological and social ramifications for afflicted pediatric populations, encompassing an augmented propensity for anxiety, depressive disorders, and social maladjustment (2). Children exhibiting short stature frequently encounter underestimation from their peer groups, educators, and familial caregivers, often enduring instances of derision, social exclusion, or overprotective behaviors, potentially predisposing them to social isolation and discriminatory practices (3). The aforementioned physical characteristic renders these children more vulnerable to emotional adversities, including heightened anxiety and depressive symptomatology. Moreover, extant research underscores that children with ISS may confront distinct emotional and behavioral challenges, including instances of bullying, social isolation, and perceived stigmatization, all of which may contribute to the manifestation of internalizing behaviors, such as elevated anxiety and depressive tendencies (2, 4). In addition, being short in stature can also affect an individual’s career development, such as restrictions on further education, career choices, and joining the military, and may also affect their choice of spouse in adulthood (5).

Several studies have shown that gut microbiota may be an important factor in the development and outcome of ISS (6, 7). Notably, Lazar et al. (8)and Li et al. (9) have made significant contributions to the understanding of the microbiome’s relationship with ISS, underscoring the potential involvement of gut microbiota in the pathophysiology of ISS. Furthermore, existing studies have found that the gut microbiota is related to individual internal and external factors, including birth, diet, living environment, host genetics, age, drug intake, and disease (10–12). For example, Surono et al. (13) observed that the gut microbiota in children with developmental delay may be associated with factors such as gender, height, body mass index (BMI), sampling location, place of origin and residence, socioeconomic and hygiene status, dietary habits, presence of anorexia nervosa, and age of onset, the specific hospital or clinic where the fecal samples were collected (sampling location), place of origin and residence, family economic and hygiene status, dietary status, presence of anorexia nervosa, and the age at which the children were first diagnosed with developmental delay (age of onset). Existing studies have found that the gut microbiota in children with nutritional short stature is closely associated with factors such as age, dietary habits, medication use, physical activity, sleep patterns, bowel regularity, and psychological well-being (14). Nutritional short stature is typically caused by inadequate nutrition, leading to growth retardation, and is often linked to malnutrition, poor dietary intake, and recurrent infections, thereby affecting children’s growth and development (14). Wang et al. (15) demonstrated that Bacteroides fragilis polysaccharide A (PSA) can modulate the gut microbiota and ameliorate aberrant voriconazole metabolism via the inhibition of the TLR4/NF-κB pathway. Additionally, Wang et al. (16) reported that Astragalus polysaccharide (APS) enhances voriconazole metabolism under inflammatory conditions by regulating the gut microbiota. These findings highlight the potential of gut microbiota in modulating drug metabolism and its implications for pediatric health. Collectively, the daily lifestyle behaviors influencing alterations in gut microbiota in children with dwarfism primarily encompass five categories: diet, exercise, sleep, medication, and psychological factors.

Previous studies have have established the critical influence of the gut microbiota on pediatric development and overall health. Nevertheless, a conspicuous lacuna exists within the extant literature concerning the alterations in gut microbiota and associated parameters among children diagnosed with ISS, stratified by the severity of their growth deficiency. This deficiency is particularly pronounced both nationally and globally. To address this critical knowledge gap, our research was specifically directed towards ISS-afflicted children residing in southwestern China, an area characterized by a high incidence of ISS cases. We strategically selected ISS-diagnosed children with the highest frequency of ISS-related clinical encounters at our study site as the subjects for this investigation. Employing 16S rRNA gene sequencing technology, our objective was to elucidate the modifications in gut microbiota composition and related factors among ISS-diagnosed children exhibiting varying degrees of short stature within this specific geographical context.

Additionally, we would like to highlight that the gut microbiota differences between ISS children and healthy controls have been extensively discussed in our previously published study (17). This study demonstrated significant dysbiosis in the ISS group compared to healthy controls, particularly with an enrichment of pro-inflammatory species, thereby providing a robust background for the current investigation on microbiota variation within ISS subgroups.

Through this experiment, we aim to answer the following questions: Are there differences in gut microbiota among ISS children with different levels of dwarfism? Is there a correlation between changes in gut microbiota and lifestyle behaviors in ISS children? This research aims to identify new targets for regulating gut microbiota through probiotics and health science-based lifestyle behaviors, as well as for ISS prevention, etiological treatment, and precision medical care.




2 Materials and methods



2.1 Research participants

Fifty-eight children diagnosed with ISS following growth hormone stimulation tests at a specialized women’s and children’s hospital in Sichuan Province from May 2022 and October 2022. These children are residents of Chengdu, Han ethnicity, and have a balanced gender. They meet the ISS diagnostic criteria: height below -2SD or the 3rd percentile of the average height of children of the same gender, age, and race, but normal at birth and infancy, no underlying pathological conditions causing dwarfism, normal GH stimulation test, and no genetic metabolic or chronic diseases. The diagnostic criteria used here are based on the guidelines outlined by Pedicelli et al. (1) in their discussion of ISS definition and treatment. The inclusion criteria include height consistent with ISS diagnosis, age 6–12 years old, no organic, genetic, malformation, or chronic diseases, no gastrointestinal inflammation or examination within the past 3 months, and children and parents’ consent to participate in the study. Exclusion criteria encompass precocious puberty, isolated early breast development, usage of antibiotics or probiotics within the previous three months, psychological or severe emotional disorders. Additional exclusion criteria involve non-cooperation during inspection and sample collection, failure in specimen testing, withdrawal from the study before completion, and absence of more than 20% of the primary observation indicators.




2.2 Research tool

This study used two questionnaires, the “General Information Survey Form” and the “Questionnaire on Factors Related to Intestinal microbiota”. The former covers information on children, family, and pregnancy, while the latter pertains to diet, exercise, medication, sleep, and psychological status.

The dietary questionnaire was developed based on the Nutrition Guidelines and Food Frequency Questionnaire (FFQ) (18, 19), including the average intake and frequency of staple foods (rice, noodles, steamed buns, and a total of eight items), meat (pork, beef, mutton, and a total of nine items), dairy milk and eggs (milk, milk powder, eggs, and a total of seven items), legumes (bean sprouts, tofu, soy milk), fruits (pit fruits, stone fruits, nuts, and a total of six categories), vegetables (dark-colored vegetables, light-colored vegetables, and mushrooms and edible fungi), and beverages (carbonated beverages, fruit juices, water, and honey water) in the past three months. The intake amount is defined as the total actual consumption per eating occasion, encompassing 40 items. Each item includes six options: “less than 50g, 50-100g, 100-150g, 150-200g, 200-250g, and over 250g”, corresponding to scores of 1 to 6. The total score ranges from 40 to 240 points, with higher scores indicating greater intake amounts. The intake frequency also corresponds to 40 items, each with ten options: “never, less than once a month, 1–3 times a month, 1–2 times a week, 3–4 times a week, 5–6 times a week, once a day, twice a day, three times a day, or more than three times a day”, corresponding to scores of 0 to 9. The total score ranges from 0 to 360 points, with higher scores indicating greater intake frequency. The Cronbach’s alpha coefficient for this survey in the present study is 0.926.

The self-designed exercise questionnaire, based on a literature review and the purpose of this study (20, 21), includes 13 items, including the average daily sitting time and average weekly exercise time in the past 3 months, with a Cronbach’s alpha coefficient of 0.855.

The sleep questionnaire is based on the PSQI self-assessment (for the past month) (22), which comprises 19 items across 7 dimensions. A higher score signifies poorer sleep quality. A PSQI score greater than 7 suggests a sleep quality issue. The Cronbach’s alpha coefficient is 0.849.

The medication questionnaire documents the age of use for antibiotics, probiotics, and vitamin D, with a Cronbach’s alpha coefficient of 0.808.

The psychological questionnaire employs the SCARED scale (for the past month) (23), which consists of 41 items and 5 major anxiety factors. The total score of ≥23 indicates the presence of anxiety, and the reliability of the measurement is supported by a Cronbach’s alpha coefficient of 0.862.




2.3 Specimen collection, DNA extraction, and sequencing

Fecal specimens obtained from ISS-derived subjects were preserved in Boyou TM 11901–50 fecal nucleic acid preservation solution (Shanghai Boyu Biotechnology Co., Ltd, https://www.shbio.com/products/3033) at ambient temperature for a maximum of 14 days or at -20°C and -80°C for extended storage. Although no specific experiments were conducted to validate the potential impact of this preservation solution on 16S rRNA sequencing, DNA quality was assessed prior to PCR amplification. The results showed that DNA extracted from the preserved samples met the quality requirements for downstream PCR and sequencing, with no significant degradation or inhibition observed. This preservation solution has been widely used in similar studies without reported negative impacts on sequencing results (24). Samples were transported to the laboratory within 2–3 days and stored at -80°C. DNA extraction was performed utilizing the CTAB method. Extracted DNA quality was assessed via agarose gel electrophoresis, and the diluted DNA served as a template for PCR amplification of the V3-V4 region of the 16S rRNA gene. The primers used were 341F (5’-CCTAYGGGRBGCASCAG-3’) and 806R (5’-GGACTACNNGGGTATCTAAT-3’) (25, 26). PCR amplicons were purified using agarose gel electrophoresis and a Qiagen kit, followed by sequencing using the NEBNext® Ultra™ II DNA Library Prep Kit on the NovaSeq6000 platform. Sequencing data were processed using FLASH for concatenation, fastP for quality control, and Vsearch for chimera removal to generate effective tags (27). The DADA2 module of QIIME2 software was utilized for denoising and ASV screening, with the Silva138.1 database employed for species annotation (28).




2.4 Bioinformatics analysis

Bioinformatics analysis was conducted using the ASV table from QIIME2. Alpha diversity was assessed using the Kruskal-Wallis test and rarefaction curves (cutoff=32345) to evaluate ASV abundance, diversity, and evenness. Species richness was quantified using Observed_species and Chao 1 indices, where higher values indicated greater species richness (29). Diversity was assessed using the Shannon and Simpson indices, with higher values indicating greater diversity (30). Evenness was evaluated using Pielou’s index and dominance index, where lower values indicated better community species evenness (31). Species accumulation box plots were used to assess species richness and the emergence rate of novel ASVs, while Relative Abundance bar charts displayed the composition and proportion of gut microbiota. Differential microbiota between the ISS-2SD and ISS-3SD groups were identified using the LEfSe method, incorporating Kruskal-Wallis, Wilcoxon tests, and LDA analysis (LDA score threshold=2.5). A genus-level species evolutionary tree was constructed, and representative sequences of the top 100 genera were obtained through multiple sequence alignment. Spearman correlation analysis was performed to examine the relationship between gut microbiota and environmental factors. The corr.test function from the Psych package in R software was used to calculate Spearman correlation coefficients and test for significance. The Pheatmap function from the Pheatmap package was used for visualization analysis, generating a correlation heatmap. Statistical significance was defined as P<0.05. The microbiome sequencing data generated in this study are available in the CNGB Sequence Archive (CNSA) of China National GeneBank DataBase (CNGBdb) under accession number CNP0005704 [https://db.cngb.org/search/?q=CNP0005704].




2.5 Data statistics and analysis

General information and data related to gut microbiota were entered and analyzed using IBM SPSS Statistics 27.0 statistical software. General information is described using frequency, percentage, mean, standard deviation, median, and quartiles; Quantitative data were subjected to normality tests using Kolmogorov Smirnov (K-S). Independent sample t-test analysis was used for data that followed a normal distribution, while Mann Whitney U test was used for data that did not follow a normal distribution; Qualitative data is analyzed using chi square test. The test level α=0.05, P<0.05 indicates that the difference is statistically significant.




2.6 Ethical considerations and quality control

The study was approved by the Medical Ethics Committee of West China Second University Hospital, Sichuan University (Ethical Code: Medical Research 2022 Lun Approval No. 110), with all participants giving informed consent. The research followed principles of informed consent, confidentiality, safety, and benefit. Quality control was strictly maintained throughout the research process.





3 Results



3.1 General

In this study, the male to female ratio of ISS children was moderate (29/29), all of whom were school-age children with an average age of (9.38 ± 1.80) years and an average height of (120.99 ± 9.60) cm. Children were divided into ISS-2SD group and ISS-3SD group based on their short stature at the time of fecal collection. There were statistically significant differences in age (P=0.006), height (P=0.002), weight (P=0.014), family type (P=0.003), meat frequency (P=0.008), milk and egg intake (P=0.026), fruit frequency (P=0.040), and beverage intake (P=0.023) between the two groups, while there were no statistically significant differences in other indicators (P>0.05). The general information survey results are shown in Table 1, and the factors related to gut microbiota are shown in Table 2.


Table 1 | General information survey results.
	Taxonomy
	ISS(n=58)
	ISS -2SD(n=34)
	ISS -3SD(n=24)
	χ2/t/Z
	P


	n(%)/(x ± s)



	ISS Children’s Information


	Gender
	 
	 
	 
	 
	3.317a
	0.069


	Male
	29 (50)
	13 (38.2)
	15 (44.1)
	 
	 


	Female
	29 (50)
	21 (61.7)
	9 (26.4)
	 
	 


	Age
	 
	9.38 ± 1.80
	9.92 ± 1.50
	8.61 ± 1.94
	2.880b
	0.006


	Height(cm)
	 
	120.99 ± 9.60
	124.36 ± 7.25
	116.23 ± 10.62
	3.255b
	0.002


	Height SDS
	 
	-2.79 ± 0.66
	-2.27 ± 0.15
	-3.53 ± 0.29
	19.435b
	<0.001


	Weight(kg)
	 
	23.14 ± 5.74
	24.67 ± 4.87
	20.97 ± 6.28
	2.526b
	0.014


	BMI
	 
	15.56 ± 2.01
	15.85 ± 1.87
	15.13 ± 2.16
	1.340b
	0.186


	Genetic target height(cm)
	163.86 ± 7.35
	157.68 ± 27.39
	164.38 ± 5.95
	-1.175b
	0.245


	Birth length(cm)
	 
	49.84 ± 2.28
	49.74 ± 2.38
	50.00 ± 2.19
	-0.431b
	0.668


	Birth weight(kg)
	 
	3.29 ± 0.24
	3.15 ± 0.38
	3.10 ± 0.41
	0.524b
	0.602


	Delivery method
	 
	 
	 
	 
	-0.439c
	0.661


	Natural birth
	31 (53.4)
	19 (55.8)
	12 (50.0)
	 
	 


	Caesarean section
	27 (46.6)
	15 (44.2)
	12 (50.0)
	 
	 


	Parity (times)
	 
	 
	 
	 
	-0.736c
	0.462


	1
	41 (51.3)
	25 (73.5)
	16 (66.6)
	 
	 


	2
	15 (18.8)
	9 (26.4)
	6 (25.0)
	 
	 


	3
	2 (2.5)
	0 (0.0)
	2 (8.4)
	 
	 


	Stool shape in the past 3 months
	 
	 
	 
	 
	-0.099c
	0.921


	Type 1: Nut shaped
	5 (6.3)
	2 (5.9)
	3 (12.5)
	 
	 


	Type 2: Dry hard
	15 (18.8)
	8 (23.5)
	7 (29.2)
	 
	 


	Type 3: wrinkled
	12 (15.0)
	10 (29.4)
	2 (8.3)
	 
	 


	Type 4: Banana shaped
	22 (27.5)
	12 (35.3)
	10 (41.7)
	 
	 


	Type 5: Soft and Soft
	3 (3.8)
	2 (5.9)
	1 (4.2)
	 
	 


	Type 6: Slightly shaped
	1 (1.3)
	0 (0.0)
	1 (4.2)
	 
	 


	Feeding history
	Breastfeeding Duration (Months)
	7.72 ± 4.45
	7.09 ± 4.53
	8.63 ± 4.27
	-1.304b
	0.198


	Complementary food month
	6.42 ± 1.43
	6.47 ± 1.56
	6.35 ± 1.23
	0.302b
	0.763


	Family information


	Family type
	 
	 
	 
	 
	8.929a
	0.003


	Nuclear family
	35 (60.3)
	26 (76.5)
	9 (37.5)
	 
	 


	Joint family
	23 (39.7)
	8 (23.5)
	15 (62.5)
	 
	 


	Per capita monthly Income (¥)
	 
	 
	 
	 
	6.812a
	0.078


	0-6000
	18 (31.0)
	9 (26.5)
	9 (37.5)
	 
	 


	6001-1000
	18 (31.0)
	9 (26.5)
	9 (37.5)
	 
	 


	10001-2000
	12 (20.7)
	11 (32.4)
	1 (4.2)
	 
	 


	 
	>20000
	10 (17.2)
	5 (14.7)
	5 (20.8)
	 
	 


	Father’s age (years)
	39.31 ± 5.06
	39.24 ± 5.08
	39.42 ± 5.16
	-0.133b
	0.895


	Mother’s age (years)
	36.72 ± 4.46
	37.09 ± 4.45
	36.21 ± 4.53
	0.736b
	0.465


	Father’s height (cm)
	171.56 ± 4.08
	162.37 ± 28.98
	159.80 ± 33.40
	0.310b
	0.758


	Mother’s height (cm)
	156.60 ± 4.61
	151.81 ± 26.99
	150.65 ± 32.04
	0.149b
	0.882


	Father’s level of education
	 
	 
	 
	 
	3.093a
	0.378


	Primary school or below
	2 (3.4)
	1 (2.9)
	1 (4.2)
	 
	 


	Middle school
	8 (13.8)
	3 (8.8)
	5 (20.8)
	 
	 


	High school
	19 (32.8)
	10 (29.4)
	9 (37.5)
	 
	 


	Bachelor’s degree or above
	29 (50.0)
	20 (58.8)
	9 (37.5)
	 
	 


	Mother’s level of education
	 
	 
	 
	 
	1.965a
	0.580


	Primary school or below
	1 (1.7)
	1 (2.9)
	0 (0.0)
	 
	 


	Middle school
	8 (13.8)
	5 (14.7)
	3 (12.5)
	 
	 


	High school
	26 (44.8)
	13 (38.2)
	13 (54.2)
	 
	 


	Bachelor’s degree or above
	23 (39.7)
	15 (44.1)
	8 (33.3)
	 
	 


	Mother’s pregnancy situation


	Pregnancy age (years)
	27.71 ± 4.30
	27.56 ± 4.28
	27.92 ± 4.42
	-0.309b
	0.758


	Pre pregnancy diseases
	 
	 
	 
	 
	2.935a
	0.087


	No
	56 (96.6)
	34 (100.00)
	22 (91.6)
	 
	 


	Yes
	2 (3.4)
	0 (0.00)
	2 (8.3)
	 
	 


	Pregnancy related illnesses
	 
	 
	 
	 
	0.816a
	0.366


	No
	51 (87.9)
	31 (91.1)
	20 (83.3)
	 
	 


	Yes
	7 (12.1)
	3( 8.8)
	4 (16.6)
	 
	 


	Pregnancy medication
	 
	 
	 
	 
	0.834a
	0.361


	No
	55 (94.8)
	33 (97.0)
	22 (91.6)
	 
	 


	Yes
	3 (5.2)
	1 (2.9)
	2 (8.3)
	 
	 


	Radiation during pregnancy
	 
	 
	 
	 
	0.718a
	0.397


	No
	57 (98.3)
	33 (97.0)
	24 (100.0)
	 
	 


	Yes
	1 (1.7)
	1 (2.9)
	0 (0.0)
	 
	 





aChi square test χ2-value, bindependent sample t-test t-value, cMann Whitney U test Z-value.




Table 2 | Investigation results of factors related to intestinal microbiota in ISS children.
	Taxonomy
	ISS (n=58)
	ISS -2SD (n=34)
	ISS -3SD (n=24)
	t/z
	P


	(x ± s)



	Diet (Meal Intake and Frequency Past 3 Months*)


	Total staple frequency
	25.79 ± 4.34
	25.85 ± 4.89
	25.71 ± 3.51
	0.124
	0.902


	Total staple intake
	13.79 ± 3.66
	13.88 ± 3.74
	13.67 ± 3.61
	0.219
	0.827


	Meat frequency
	19.52 ± 5.23
	21.03 ± 5.20
	17.38 ± 4.58
	2.769
	0.008


	Meat intake
	14.24 ± 4.80
	14.74 ± 5.49
	13.54 ± 3.61
	0.931
	0.356


	Milk and egg frequency
	16.57 ± 3.33
	17.00 ± 2.89
	15.96 ± 3.85
	1.177
	0.244


	Milk and egg intake
	14.57 ± 3.83
	15.50 ± 3.75
	13.25 ± 3.61
	2.283
	0.026


	Legumes frequency
	4.76 ± 2.33
	5.15 ± 2.36
	4.21 ± 2.23
	1.526
	0.133


	Legumes intake
	4.55 ± 1.93
	4.47 ± 2.22
	4.67 ± 1.46
	-0.378
	0.707


	Fruit frequency
	15.03 ± 5.85
	16.35 ± 5.69
	13.17 ± 5.66
	2.105
	0.040


	Fruit intake
	11.16 ± 5.39
	11.29 ± 5.70
	10.96 ± 5.03
	0.232
	0.818


	Vegetable frequency
	10.79 ± 4.34
	11.09 ± 4.11
	10.38 ± 4.71
	0.612
	0.543


	Vegetable intake
	4.74 ± 2.00
	4.86 ± 2.28
	4.58 ± 1.56
	0.501
	0.618


	Beverage frequency
	11.07 ± 2.94
	11.59 ± 3.06
	10.33 ± 2.65
	1.625
	0.110


	Beverage intake
	8.88 ± 4.13
	9.82 ± 4.73
	7.54 ± 2.62
	2.348
	0.023


	Exercise (3-Month Avg. Daily Sitting & Weekly Exercise Time)


	Outdoor exercise time (h)
	1.58 ± 0.76
	1.59 ± 0.81
	1.58 ± 0.70
	0.010
	0.992


	Indoor activity time (h)
	1.21 ± 0.49
	1.22 ± 0.47
	1.19 ± 0.52
	0.244
	0.808


	Sitting time (h)
	6.12 ± 3.82
	5.77 ± 3.94
	6.61 ± 3.67
	-0.821
	0.415


	Exercise time (h)
	3.88 ± 2.40
	4.06 ± 2.48
	3.62 ± 2.32
	0.676
	0.502


	Aerobic exercise time (h)
	2.40 ± 1.55
	2.48 ± 1.55
	2.30 ± 1.58
	0.441
	0.661


	Anaerobic exercise time (h)
	0.87 ± 0.89
	0.94 ± 0.92
	0.76 ± 0.85
	0.783
	0.437


	Resistance exercise time (h)
	0.61 ± 0.78
	0.63 ± 0.78
	0.57 ± 0.81
	0.312
	0.756


	Medication (earliest sub drug use age group)


	Antibiotic use age
	 
	 
	 
	-1.374**
	0.169


	 
	Never
	9 (15.5)
	2 (5.9)
	7 (29.2)
	 
	 


	<6 months old
	6 (10.3)
	5 (14.7)
	1 (4.2)
	 
	 


	From 7 months to 1 year old
	28 (48.3)
	17 (50.0)
	11 (45.8)
	 
	 


	>1.1 years old
	15 (25.9)
	10 (29.4)
	5 (20.8)
	 
	 


	Probiotics use age
	 
	 
	 
	-0.462**
	0.644


	 
	Never
	54 (93.1)
	30 (88.3)
	24 (100.0)
	 
	 


	<6 months old
	1 (1.7)
	1 (2.9)
	0 (0.0)
	 
	 


	From 7 months to 1 year old
	2 (3.4)
	2 (5.9)
	0 (0.0)
	 
	 


	>1.1 years old
	1 (1.7)
	1 (2.9)
	0 (0.0)
	 
	 


	Vitamin D use age
	 
	 
	 
	-0.127**
	0.899


	 
	Never
	2 (3.4)
	2 (5.9)
	0 (0.0)
	 
	 


	<6 months old
	44 (75.9)
	24 (70.6)
	20 (83.3)
	 
	 


	From 7 months to 1 year old
	10 (17.2)
	7 (20.6)
	3 (12.5)
	 
	 


	>1.1 years old
	2 (3.4)
	1 (2.9)
	1 (4.2)
	 
	 


	Sleep (past month)


	PSQI score
	4.97 ± 4.61
	5.50 ± 5.10
	4.21 ± 3.79
	1.052
	0.297


	Psychology (past month)


	SCARED score
	12.24 ± 7.60
	13.18 ± 7.91
	10.92 ± 7.08
	1.118
	0.268





*The intake amount is defined as the weight (in grams) of food consumed per eating occasion., the intake frequency includes “never, less than once a month, 1–3 times a month, 1–2 times a week, 3–4 times a week, 5–6 times a week, once a day, twice a day, three times a day, or more than three times a day”. **Mann-Whitney U test Z-value.






3.2 Sequencing data results and quality assessment

To ensure the accuracy of the analysis, the raw sequencing data was concatenated, filtered, and processed with DADA2 denoising to exclude sequences with readings below 5, resulting in ASV (32). This study analyzed a total of 58 samples and 6592 ASVs were obtained through ASV clustering, with a proportion of 99.2% annotated to the boundary level, covering 44 phyla (98.3%), 111 classes (98.1%), 256 orders (96.8%), 435 families (92.9%), 1060 genera (76.0%), and 849 species (15.8%). The analysis of the cumulative box plot of species in this study showed that the position of the box plot first sharply increased and then gradually flattened, indicating that the sample size of this study was sufficient (Figure 1).

[image: Boxplot chart showing the relationship between the number of samples and observed species. As the number of samples increases from one to fifty-eight, the median observed species also increases, demonstrating a cumulative pattern. Blue boxes represent quartiles, with whiskers indicating variability outside the upper and lower quartiles. Outliers are displayed as individual points.]
Figure 1 | Cumulative box chart of alpha diversity species. The horizontal axis represents the sample size; The vertical axis represents the number of ASVs after sampling.




3.3 Alpha diversity analysis

The rarefaction curves for alpha diversity exhibit a plateau, signifying that the sequencing data adequately encompasses the predominant microbial diversity within the samples. This observation implies that further sequencing would yield minimal gains in diversity indices, including the Shannon and Simpson indices. Consequently, the current sequencing depth is considered sufficient for a thorough characterization of the gut microbiota in this investigation (Figure 2). The analysis of differences in alpha diversity index between ISS children with different levels of dwarfism showed that there were no statistically significant differences in the Observed_species (P=0.573) and Chao 1 (P=0.585) representing species richness, Shannon index (P=0.804) and Simpson index (P=0.106) representing diversity, and Pielou’s index (P=0.456 and dominance index (P=0.106) representing evenness between the ISS-2SD and ISS-3SD groups (P>0.05) (Figure 3).

[image: Six line graphs show diversity indices against sequence numbers across different samples. (A) Observed species, (B) Chao1, (C) Shannon, and (D) Simpson indices all increase before plateauing. (E) Pielou's evenness decreases slightly, while (F) Dominance decreases initially, then stabilizes. Each graph is color-coded by sample.]
Figure 2 | Rarefaction curve. The horizontal axis represents the sequencing data volume, and the vertical axis represents the corresponding alpha diversity index. (A) Observed_species, (B) Chao 1, (C) Shannon index, (D) Simpson index, (E) Pielou’s index, (F) Dominance index.

[image: Box plots showing biodiversity metrics comparing two groups, ISS-2SD and ISS-3SD. Panels A to F represent Observed species, Chao1, Shannon, Simpson, Pielou_e, and Dominance, respectively. P-values range from 0.106 to 0.804, indicating no significant differences between the groups in any metric.]
Figure 3 | Cumulative box chart of alpha diversity species. The chart shows the diversity of bacterial species in two subgroups: ISS-2SD (n=34) and ISS-3SD (n=24). The horizontal axis represents grouping, and the vertical axis represents the corresponding alpha index values. (A) Observed_species, (B) Chao 1, (C) Shannon index, (D) Simpson index, (E) Pielou’s index, (F) Dominance index.




3.4 Differences in bacterial composition between groups

The heatmap analysis of gut microbiota at the genus level for children in the ISS-2SD and ISS-3SD groups showed that the top 10 ranked genera were Bacteroides, Faecalibacterium, Prevotella, Campylobacter, Fusobacterium, Fenollaria, Porphyromonas, Anaerococcus, Peptoniphilus, and Ezakiella (Figure 4).

[image: Heatmap showing the relative abundance of bacterial groups across multiple samples labeled ISS01 to ISS60. Each group's abundance is depicted with colors ranging from blue (low) to red (high). The side legend lists bacterial groups, and the top legend distinguishes two comparison groups, ISS-2SD and ISS-3SD, in blue and red respectively.]
Figure 4 | Heatmap analysis of the top 10 gut microbiota genera in ISS-2SD (n=34) and ISS-3SD (n=24) groups.

The LEfSe method was employed to construct the evolutionary branch diagram (Figure 5A) and the LDA value distribution histogram (Figure 5B). These visualizations highlight significant differences in the dominant microbial communities among ISS children with varying degrees of short stature, evident at the family, genus, and species taxonomic levels. Specifically, the ISS-2SD group exhibited two predominant bacterial groups: Leptotrichiaceae (LDA=3.63, P=0.033) and Sneathia (LDA=3.65, P=0.046). In contrast, the ISS-3SD group featured five distinct dominant taxa: Lachnoclostridium (LDA=2.76, P=0.016), Thermus scotoductus (LDA=2.70, P=0.036), Thermales (LDA=2.50, P=0.036), Alloprevotella (LDA=2.56, P=0.006), and Thermus (LDA=2.65, P=0.036).

[image: Cladogram and bar graph comparing microbial communities. Cladogram (A) shows colored nodes, with red for ISS-2SD and green for ISS-3SD, indicating Thermales and Leptotrichiaceae differences. Bar graph (B) presents LDA scores on a log scale, contrasting groups with positive scores in green and negative in red, highlighting species like Lachnoclostridium and Sneathia.]
Figure 5 | Analysis of inter group microbial diversity. (A) Evolutionary diagram with circle sizes indicating abundance, colors for species differentiation, red and green nodes for key microbial groups, and species names in the legend. (B) LDA scores for species in ISS-2SD (n=34) and ISS-3SD (n=24) groups, with colors for group distinction and bar lengths for species contribution, showing only species with LDA ≥2.5.




3.5 Correlation analysis of gut microbiota

To elucidate the determinants influencing the gut microbiota of children afflicted with ISS, we employed spearman’s rank correlation analysis to study the correlation between the alpha diversity of the gut microbiota and the lifestyle factors of ISS children. Additionally, we analyzed the correlation between the top 10 gut microbial genera at the genus level and the lifestyle factors of ISS children, obtaining the correlation coefficients and the significant P-values between these factors. The analysis results of the correlation between gut microbiota alpha diversity and the lifestyle of children with ISS show that gut microbiota alpha diversity is significantly correlated with diet (Figure 6A). Specifically, the Shannon and Simpson indices representing species diversity are positively correlated with legume frequency(r=0.372, P=0.004, and r=0.379, P=0.003); the Pielou’s index representing uniformity is positively correlated with legumes frequency(r=0.354, P=0.006), the Dominance index is negatively correlated with legume frequency(r=-0.379, P=0.003).

[image: Heatmaps titled A to E show correlations between lifestyle factors and microbial species. Colored scales range from -0.5 to 0.5, indicating correlation strength, with red for positive and blue for negative. Labels include SCARED and PSQI scores, various exercise times, and intakes. Stars denote significance levels. Each heatmap highlights different relationships between factors and bacteria, with variations in color intensity reflecting correlation differences.]
Figure 6 | Spearman correlation heatmap of factors associated with gut microbiota in ISS children. The vertical axis represents environmental factors, while the horizontal axis corresponds to microbial species. Heatmap values indicate Spearman’s correlation coefficients (ranging from -1 to 1), where negative correlations (r < 0) and positive correlations (r > 0) are depicted. Significance levels are denoted as follows: “*” for P<0.05 and “**” for P<0.01. (A) Correlation between gut microbiota diversity and lifestyle factors. (B) Correlation analysis of the top 10 genus-level microbes with overall lifestyle factors. (C) Correlation analysis of the top 10 genus-level microbes with dietary factors. (D) Correlation analysis of the top 10 genus-level microbes with exercise-related factors. (E) Correlation analysis of the top 10 genus-level microbes with sleep-related factors.

Correlation analysis between the top 10 gut microbial genera at the genus level and the lifestyle of children with ISS demonstrated significant associations between diet, exercise, and sleep patterns with the gut microbiota(Figure 6B). Specifically, the correlation between diet and gut microbiota is shown in Figure 6C: Prevotella was significantly positively correlated with beverage intake (r=0.263, P=0.046). Ezakiella was significantly negatively correlated with meat intake and legume frequency (r=-0.297, P=0.024 and r=-0.324, P=0.013). Anaerococcus was significantly negatively correlated with milk and egg intake (r=-0.278, P=0.034). Fenollaria was significantly negatively correlated with total staple intake, meat frequency, and vegetable frequency (r=-0.259, P=0.050; r=-0.259, P=0.050 and r=-0.409, P=0.001). Faecalibacterium was significantly negatively correlated with milk and egg frequency (r=-0.282, P=0.032). Porphyromonas was significantly negatively correlated with total staple intake and meat intake (r=-0.268, P=0.042 and r=-0.271, P=0.039), while it was significantly positively correlated with milk and egg frequency (r=0.304, P=0.020). Peptoniphilus was significantly negatively correlated with total staple intake, meat intake, and legume frequency (r=-0.312, P=0.017; r=-0.287, P=0.029 and r=-0.479, P<0.001). Campylobacter was significantly negatively correlated with total staple intake, vegetable frequency, and beverage intake (r=-0.410, P=0.001; r=-0.302, P=0.021 and r=-0.260, P=0.048). Fusobacterium was significantly negatively correlated with beverage intake (r=-0.273, P=0.038).

Furthermore, the correlation analysis results between gut microbiota and exercise are shown in Figure 6D: Prevotella was significantly positively correlated with resistance exercise time (r=0.304, P=0.020). Faecalibacterium was significantly negatively correlated with resistance exercise time (r=-0.275, P=0.037). Campylobacter was significantly negatively correlated with indoor activity time (r=-0.278, P=0.035).

Additionally, the correlation analysis between sleep and gut microbiota indicates (as shown in Figure 6E): Prevotella is significantly positively correlated with the PSQI score (a measure of sleep quality) (r=0.323, P=0.013).





4 Discussion



4.1 Gut microbiota varies among ISS with different levels of dwarfism

This study showed that there was no significant difference in the alpha diversity of the intestinal microbiota among children with different degrees of short stature, but there were differences in the dominant microbiota, indicating that although the overall diversity index was similar, the specific composition of the microbiota was different among children with different degrees of short stature. Compared with previous studies, this study provides more detailed information on the composition of the microbiota and distinguishes the dominant microbiota in children with ISS-2SD and ISS-3SD (8; Lin 9). Revealed notable disparities in the prevailing microbial communities between the ISS-2SD and ISS-3SD cohorts. Specifically, the ISS-2SD group exhibited a dominance of Leptotrichiaceae and Sneathia, whereas the ISS-3SD group was characterized by a prevalence of Lachnoclostridium, Thermus scotoductus, Thermales, Alloprevotella, and Thermus as the predominant taxa. These differences may signify potential functional variations within the gut microbiota of pediatric subjects exhibiting varying degrees of short stature.

Initially, Leptotrichiaceae and Sneathia demonstrated significant enrichment within the ISS-2SD group. Prior investigations have established a correlation between Sneathia and gut health, as well as maternal microbial transmission, particularly in infants delivered via cesarean section, where Sneathia may influence early gut microbiota colonization through the maternal vaginal microbiota (33). Furthermore, certain members of the Leptotrichiaceae family have been implicated in oral and gut health, potentially impacting host metabolism and development by modulating local immune responses (34).

In contrast, Lachnoclostridium, which was significantly enriched in the ISS-3SD group, is a key producer of short-chain fatty acids (SCFAs). It can ferment polysaccharides to yield metabolites such as butyrate and acetate, which positively influence the proliferation of intestinal epithelial cells and enhance gut barrier function (34). Furthermore, Thermus scotoductus and Thermus are thermophilic bacteria, and while their specific roles in the gut remain unclear, studies suggest that thermophiles may regulate host metabolism and energy balance under extreme conditions (35). Alloprevotella, in contrast, is strongly associated with high-fiber diets and may influence growth and development by modulating host immune responses and metabolic health (36).

These findings suggest that the degree of short stature in ISS children may be closely associated with functional differences in their gut microbiota. Future research should further elucidate the specific metabolic functions of these dominant microbial taxa and their potential impact on host growth and development. In particular, interventions targeting dietary modifications or probiotics administration to modulate the gut microbiota may offer novel therapeutic strategies for the management of ISS.




4.2 Dietary factors correlate with gut microbiota alpha diversity in ISS

This study assessed the association between gut microbiota alpha diversity and the lifestyle of children with ISS and found that gut microbiota alpha diversity is significantly correlated with diet, particularly the frequency of legume intake. Specifically, the Shannon index and Simpson index, which represent species diversity, were significantly positively correlated with the frequency of legume intake, and the Pielou index, which represents evenness, was also positively correlated with the frequency of legume intake. In contrast, the Dominance index, which represents dominance, was negatively correlated with the frequency of legume intake. These results suggest that legume intake may positively impact the gut health of children with ISS by increasing the diversity and evenness of the gut microbiota, at the same time, the frequency of legumes may promote the balanced development of microbial communities by reducing the dominance of certain species.

Legumes characterized by their high content of dietary fiber and various phytochemicals, which have been demonstrated to promote the diversity and functionality of the gut microbiota, thereby contributing to improved health outcomes (37, 38). Prior research has established a positive correlation between dietary fiber intake and the diversity and richness of the gut microbiota, particularly in increasing the abundance of beneficial bacteria such as Bifidobacteria and Lactobacilli (39). This is consistent with our research findings that the frequency of legume intake is positively correlated with Shannon and Simpson indices, indicating that legumes may promote the diversity of gut microbiota by providing abundant dietary fiber. Secondly, phytochemicals in legumes, such as polyphenolic compounds, have also been shown to regulate the gut microbiota. A study found that polyphenolic compounds can improve the uniformity of gut microbiota by inhibiting the growth of harmful bacteria and promoting the proliferation of beneficial bacteria (40). This is consistent with the positive correlation between Pielou index and legume intake frequency in our research results, indicating that polyphenolic compounds in legumes may play an important role in regulating the evenness of gut microbiota. Additionally, the negative correlation between legume intake and the Dominance index suggests that legume consumption may attenuate the overgrowth of certain dominant bacterial groups, thereby maintaining the equilibrium of the gut microbiota. This observation is consistent with recent findings indicating that high-fiber diets can reduce the abundance of certain potentially pathogenic bacteria, thus diminishing the dominance within the gut microbiota (41).

Therefore, the results of this study indicate a significant and positive correlation between the frequency of legume intake and the diversity and evenness of the gut microbiota in children with ISS, while a negative correlation was observed with dominance. These findings suggest that increased legume intake may positively impact the gut health of children with ISS by modulating the structure and function of the gut microbiota. Future studies should focus on elucidating the long-term effects of legume intake on the growth and development of children with ISS and exploring the underlying molecular mechanisms.




4.3 Intestinal microbiota and associated factors in children with ISS



4.3.1 Correlation of gut microbiota with dietary factors

The correlation between diet and gut microbiota has become an important area of research, as gut microbiota composition is known to play a critical role in host metabolism, immune function, and overall health. In this study, we observed significant correlations between various dietary factors and gut microbiota taxa such as Prevotella, Ezakiella, Anaerococcus, and others, which supports existing research on the diet-microbiota interaction.

To further contextualize these findings, we propose that the observed associations may be mediated by the metabolic activities of these microbial taxa. For instance, Prevotella was significantly positively correlated with beverage intake, aligning with studies indicating its association with carbohydrate-rich diets, including sugary or fiber-rich beverages (36, 42). This genus is known for its ability to metabolize complex carbohydrates and fibers, which are abundant in plant-based diets. The positive correlation with beverage consumption may reflect the role of Prevotella in fermenting dietary fibers, producing short-chain fatty acids (SCFAs) that benefit host health (43).

On the other hand, Ezakiella showed a significant negative correlation with meat intake and legume frequency, suggesting that high-protein diets, particularly those rich in animal products, may suppress its growth (37 The negative correlation with legumes, however, is intriguing and may suggest a unique sensitivity of this genus to specific plant-based proteins or fibers. This could be due to the presence of anti-nutritional factors in legumes, such as lectins or phytates, which may inhibit the growth of certain microbial taxa (44).

Similarly, Anaerococcus and Faecalibacterium were negatively correlated with milk and egg intake, highlighting the potential adverse effects of high-protein or high-fat diets on beneficial gut bacteria. Faecalibacterium, known for its anti-inflammatory properties and role in producing butyrate, is more abundant in individuals consuming plant-based diets (45). The absence of dietary fiber in milk and eggs may further suppress its growth, as high intake of animal products is associated with reduced microbial diversity and increased inflammation (37

Fenollaria exhibited significant negative correlations with total staple intake, meat frequency, and vegetable frequency, suggesting that this genus may thrive in environments with limited dietary diversity. Research indicates that low-diversity diets often favor the growth of specific, less-common taxa like Fenollaria, while high intake of staple foods and plant-based diets typically promote fiber-degrading bacteria, which may compete with Fenollaria (37, 46)

Porphyromonas and Peptoniphilus showed complex relationships with diet. Porphyromonas was negatively correlated with total staple intake and meat intake but positively correlated with milk and egg frequency, reflecting its adaptability to different dietary components (47). Peptoniphilus was significantly negatively correlated with total staple intake, meat intake, and legume frequency, indicating a preference for animal-derived proteins (48). Finally, Campylobacter and Fusobacterium were negatively correlated with beverage intake, suggesting that these genera may be less prevalent in individuals consuming sugary or caffeinated beverages, consistent with studies linking them to low sugar intake (49).

In conclusion, these findings underscore the intricate relationship between diet and gut microbiota, highlighting the need for further research to elucidate the mechanisms underlying these associations. Future studies could explore the role of specific dietary components, such as fiber types or protein sources, in shaping the gut microbiome and their potential implications for host health.




4.3.2 Correlation of gut microbiota with exercise factors

The correlation analysis between gut microbiota and exercise in this study revealed a significant association, highlighting the impact of physical activity on gut microbiota composition. Prevotella was significantly positively correlated with resistance exercise time, suggesting that this genus may benefit from anaerobic or high-intensity exercise. This finding aligns with studies indicating that Prevotella is associated with diets rich in complex carbohydrates and fibers, which are often linked to active lifestyles (42). Additionally, research by Estaki et al. (50) demonstrated that exercise can increase the abundance of Prevotella, potentially due to its role in metabolizing dietary fibers and supporting energy metabolism during physical activity.

To further contextualize these findings, we propose that the positive correlation between Prevotella and resistance exercise may be mediated by exercise-induced changes in gut motility and blood flow, which can enhance nutrient availability for microbial fermentation (51). This could explain why Prevotella, a genus known for its ability to metabolize complex carbohydrates, thrives in individuals engaging in high-intensity exercise.

In contrast, Faecalibacterium was significantly negatively correlated with resistance exercise time. This is intriguing, as Faecalibacterium prausnitzii is known for its anti-inflammatory properties and butyrate production, which are generally beneficial for gut health (52). The negative correlation may reflect the impact of high-intensity exercise on microbial diversity, as studies have shown that intense physical activity can temporarily reduce the abundance of certain beneficial bacteria, including Faecalibacterium (53). This could be due to exercise-induced stress or changes in gut permeability, which may alter the microbial environment (54).

Campylobacter was significantly negatively correlated with indoor activity time, suggesting that this genus may be less prevalent in individuals who engage in more sedentary behaviors. This finding is consistent with research indicating that Campylobacter is associated with low physical activity levels and poor dietary habits, such as high sugar intake (49, 53). The reduction in Campylobacter abundance with increased indoor activity time may reflect the benefits of even moderate physical activity in promoting a healthier gut microbiota composition.

These findings underscore the complex relationship between exercise and gut microbiota, highlighting the need for further research to elucidate the mechanisms underlying these associations. For example, future studies could explore how different types and intensities of exercise influence specific microbial taxa and their functional roles in gut health. Additionally, the role of exercise-induced changes in gut motility, blood flow, and permeability in shaping the gut microbiome warrants further investigation.




4.3.3 Correlation between gut microbiota and sleep factors

The correlation analysis between sleep and gut microbiota reveals a significant positive correlation between Prevotella and the PSQI score, indicating that higher Prevotella abundance is associated with poorer sleep quality. Research by Smith et al. (55) demonstrated that gut microbiota diversity and composition are closely linked to sleep quality, with certain microbial taxa, including Prevotella, being more abundant in individuals with sleep disorders. This may be due to the production of metabolites such as SCFAs or neurotransmitters that can influence sleep regulation (55). Additionally, studies have shown that Prevotella can modulate systemic inflammation, which is known to affect sleep quality. For example, chronic low-grade inflammation associated with higher Prevotella abundance may disrupt sleep by altering circadian rhythms or increasing stress responses (56).

To further contextualize these findings, we propose that the relationship between Prevotella and sleep quality may be mediated by the gut-brain axis, which plays a critical role in regulating sleep. Prevotella has been shown to influence the production of serotonin, a neurotransmitter involved in sleep regulation (57). Changes in serotonin levels due to Prevotella abundance could contribute to sleep disturbances, as serotonin is a precursor to melatonin, the hormone responsible for regulating sleep-wake cycles (58). Furthermore, Prevotella may affect sleep through its role in modulating the hypothalamic-pituitary-adrenal (HPA) axis, which regulates stress responses and sleep patterns (59).

Additionally, the production of microbial metabolites, such as SCFAs, by Prevotella may influence sleep by affecting the central nervous system. SCFAs, particularly butyrate, have been shown to cross the blood-brain barrier and modulate neurotransmitter activity, potentially impacting sleep quality (60). This mechanistic link provides a plausible explanation for the observed correlation between Prevotella and poor sleep quality.

In conclusion, the positive correlation between Prevotella and PSQI scores highlights the potential role of gut microbiota in sleep regulation. Further research is needed to explore the mechanisms underlying this relationship, including the role of microbial metabolites, immune modulation, and the gut-brain axis in sleep quality. Future studies could also investigate how interventions targeting the gut microbiota, such as probiotics or dietary modifications, may improve sleep outcomes in individuals with sleep disorders.




4.3.4 Correlation of gut microbiota with medication and psychological conditions factors

This study did not find a significant association between the intestinal microbiota and medication and psychological state of children with ISS, probably because children who had used antibiotics or microbiota in the past three months were excluded. The effects of drugs such as antibiotics on the gut microbiota usually last 1 to 3 months, so children who have recently taken the drug were excluded from the study to reduce interference (61). The use of drugs in children with ISS included early antibiotic use and microecological intake, but these factors were not significantly related to the intestinal microbiota due to the completion of drug metabolism.

In terms of psychological status, since children with severe psychological disorders are excluded, and the questionnaire used may not be able to comprehensively measure other psychological problems, future studies need to further explore the relationship between intestinal microbiota and medication and psychological state in children with ISS. For example, future research could incorporate more comprehensive psychological assessments, such as the Child Behavior Checklist (CBCL) or the Strengths and Difficulties Questionnaire (SDQ), to better capture the psychological state of children with ISS (62). Additionally, longitudinal studies could track the long-term effects of medication use, particularly antibiotics, on gut microbiota composition and its potential impact on psychological health (63).

Thus, the maintenance of health and the modulation of the gut microbiota are critically dependent on an active and salubrious lifestyle, encompassing a balanced dietary regimen, regular physical activity, and adequate sleep. Our findings underscore the significance of cultivating optimal lifestyle behaviors in pediatric populations afflicted with ISS. Consequently, collaborative efforts between societal entities and familial units are imperative to establish a supportive milieu that fosters the adoption of salutary behaviors in children. This entails the provision of nutrient-dense sustenance, the promotion of physical engagement, the assurance of sufficient rest and sleep, and the education of children regarding the intrinsic value of a healthful lifestyle. These interventions are instrumental in establishing a robust foundation for the long-term well-being of children with ISS.






5 Conclusions and recommendations

This study was the first study in southwest China to explore the intestinal microbiota status of children with different degrees of short stature and its relationship with lifestyle in children with ISS. The results showed that although there was no significant difference in the alpha diversity index of intestinal microbiota between the two groups of children with ISS-2SD and ISS-3SD, there was a significant difference in the composition of the dominant microbiota. The dominant micromicrobiota in the ISS-2SD group were Leptotrichiaceae and Sneathia, while the ISS-3SD group included five micromicrobiota, including Lachnoclostridium, Thermus scotoductus and Thermales. In addition, the study also pointed out that diet, exercise, and sleep may be important correlated factors affecting the changes in the gut microbiota of children with ISS.

However, there are also shortcomings in this study, such as the single-center study does not represent the level of intestinal microbiota in children with ISS in the country, and the retrospective study may have recall bias. Therefore, in the future, we will continue to carry out multi-center, cohort studies and animal experiments to further explore and verify the complexity of the intestinal microbiota of children with ISS, and provide a scientific basis for improving the health and well-being of these children, in order to provide new targets for regulating the intestinal microbiota through probiotics and health science lifestyles, and providing new targets for ISS prevention, etiological treatment and precision medical care.
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