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Background: There are few current reports on the relationship between time of birth and short stature in children. Therefore, we aimed to investigate whether there is an association between time of birth and short stature in children.

Materials and Methods: In this study, basic information was collected from 462 children aged 2–14 years old. We collected data on gender, height, height standard deviation score (SDS), weight, body mass index (BMI), serum 25(OH)D levels, date of birth, and whether the above children were short stature. Demographic description, univariate analysis, multivariate logistic regression analysis, smooth curve fitting, and threshold effects were used to explore possible linear or non-linear relationships between children's birth time and short stature.

Results: The mean age of the 462 children was 9.76 ± 3.10 years old, and 52.16% were male. A total of 129 (27.92%) children were defined as 25(OH)D insufficiency, including 107 (38.91%) in the short stature group and 22 (11.76%) in the normal stature group. Fully adjusted logistic regression showed that the risk of short stature was reduced by 56.5% in children born in summer compared with spring (P < 0.05) [odds ratio (OR): 0.435, 95% confidence interval (CI): 0.197–0.959]. A non-linear relationship was found between “sequential day of the year” and short stature from the 1st to the 250th day of the year, the risk of short stature in children is reduced by 0.6% for each day that passes (P = 0.002) (OR: 0.994, 95% CI: 0.990–0.998), and from the 250th to the 365th day of the year, the risk of short stature in children was increased by 0.8% for each day that passed (P = 0.008) (OR: 1.008, 95% CI: 1.001–1.025).

Conclusions: Children born in summer have a lower risk of short stature than spring. For children born before the 250th day of the year, “sequential day of the year” was negatively associated with short stature, and for children born after the 250th day, “sequential day of the year” was positively associated with short stature.
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INTRODUCTION

Children's short stature (1) refers to a height two standard deviations (SD, third percentile) lower than the normal height of the normal population with the same living environment and individuals of the same race, gender, and age. Children's short stature is caused by many factors that may be related to various acute and chronic diseases, such as growth hormone deficiency, family heredity, multiple pituitary hormone deficiency, small gestational age, thyroid dysfunction, malnutrition, and pituitary tumors. Previous studies show that the etiology of certain diseases may be associated with seasonal changes. Palaniswamy et al. (2) indicate that gender, season, latitude, alcohol consumption, and physical activity are the main factors affecting the concentration of 25(OH)D. Risk factors for low 25(OH)D status include low-day exposure, living in the northern latitudes, obesity, high waist circumference, low physical activity, and unhealthy diet. Differences in birth time are accompanied by different environmental factors, such as temperature, lighting time and intensity, and length of day and night. Waldie et al. (3) deem that during the last 3 months of pregnancy, when the sunshine reaches its peak, the growth rate was the fastest during childhood and adolescence, suggesting that the occurrence of short stature may be affected by the birth rhythm. Xu et al. (4) suggest that infants in Shanghai city of China had obvious seasonal growth, and their height increased rapidly in spring and summer. The body weight and body mass index (BMI) increased rapidly in autumn and winter. Barker proposed the hypothesis of “fetal origin of adult disease” in 1993 (5), establishing that maternal malnutrition may lead to an increased risk of cardiovascular disease and altered metabolic status in the offspring. Mary et al. (6) conclude that geographic climate change with the change of seasons plays an important role in human health and disease. It is reported (7, 8) that maternal exposure to many environmental variables during pregnancy is associated with an increased risk of disease in children when they grow up. For example, insufficient daylight hours (3) and higher moderation (9) can increase the risk of disease in offspring. Felix et al. (10) report that children born in summer had higher average birth weight and higher adult height compared with those born in other seasons, and the opposite was true in winter. In this study, we hypothesized that there is an association between the time of birth and short stature in children. We collected relative data in our clinical work to verify our conjecture and tried to analyze the potential correlates that may lead to children's short stature.



METHODS


Study Population

This study is a case-control study to explore the relationship between children's birth time and short stature. We collected 2- to 14-year-old children (n = 275) who were diagnosed with short stature in the Children's Endocrinology Department of The First People's Hospital of Changde City from January 1, 2019 to June 30, 2019. Children with normal stature (n = 187) who were given a health examination at the hospital at the same time were selected for comparison.

This study was approved by the ethics committee of The First People's Hospital of Changde City(2020-019-01).



Inclusion and Exclusion Criteria

According to the published guidelines (1), children attending a pediatric endocrinology clinic who were −2 SDS from the mean height of the normal population or below the third percentile (−1.88 SDS) were included in the short stature group. The rest of the children in the normal stature group were all healthy children whose stature did not match the standard of short stature.

Children with incomplete data, a history of acute or chronic illness, treated with recombinant human growth hormone, or small for gestational age were excluded.



Variables

All children's age, gender, height, height SDS, weight, BMI, serum 25(OH)D, and birth time were recorded. Information on the birth dates of the above children were classified as continuous or categorical variables. The detailed process is described as follows: the season to which the birth date belongs is considered to be a categorical variable: Spring (March-April-May), Summer (June-July-August), Autumn (September-October-November), Winter (December-January-February). The date of birth is considered as a continuous variable, sequential day of the year. We considered whether children met the short stature criteria as a categorical variable.

We classified the collected serum 25(OH)D values with a cutoff of 20 ng/ml by referring to another study (11): When serum 25(OH)D < 20 mg/ml defined as insufficiency. When serum 25(OH)D ≥ 20 ng/ml defined as sufficiency.



Statistical Analysis

If the continuous variable was normally distributed, it was expressed as mean ± SD and vice versa as the medium (min, max). Categorical variables were expressed in frequency or as a percentage. χ2 (categorical variables), Student's t-test (normal distribution), or Mann–Whitney U-test (skewed distribution) were utilized to analyze differences between short or normal stature groups (clinical cut point). We used multiple logistic regression to analyze the possible association between season of birth and short stature and constructed three models to illustrate the stability of this relationship: Model I adjust for none; Model II adjust for gender and age (smooth); and Model III adjust for gender, age (smooth), weight (smooth) and 25(OH)D. To address non-linearity of children's birth time and short stature, a generalized additive model and smooth curve fitting (penalized spline method) were conducted. If non-linearity was detected, we first calculated the inflection point using a recursive algorithm and then constructed a two-piecewise logistic regression on both sides of the inflection point. We determined the best fit model based on the P-values for the log likelihood ratio test. All the analyses were performed with the statistical software packages R (version 3.4.3) (http://www.R-project.org, The R Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc, Boston, MA). P-values < 0.05 (two-sided) were considered statistically significant.




RESULTS

A total of 462 participants were selected for the final data analysis through screening (Figure 1). The mean age of the 462 children was 9.76 ± 3.10 years, and 52.16% were male. A total of 129 (27.92%) children were defined as 25(OH)D insufficiency, including 107 (38.91%) in the short stature group and 22 (11.76%) in the normal stature group (Figure 2).


[image: Figure 1]
FIGURE 1. Inclusion and exclusion criteria.
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FIGURE 2. Composition of Serum 25(OH)D levels in different groups [n (%)].


We present the basic characteristics of these selected participants by whether they were short in stature in Table 1. We found statistical differences in age, height, height SDS, weight, BMI, 25(OH)D, sequential day of the year, and birth season between the two groups (all P < 0.05). Serum 25(OH)D levels were significantly lower in the short than in the normal stature group (P < 0.01). No statistical difference was found between the two groups for gender (P > 0.05).


Table 1. The basic characteristics of short stature group compared with normal stature group [n = 462, Mean ± SD, n (%)].
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We present the basic characteristics of these selected participants by season in Table 2. We found statistical differences in age, gender, height, height SDS, weight, sequential day of the year, and short stature across seasonal groups (P < 0.01). Children born in summer and autumn were taller and heavier than those born in winter and spring.


Table 2. The basic characteristics of participants by season [n = 462, Mean ± SD, n (%)].
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We present the results of the univariate analysis in Table 3. Through univariate logistic regression, we found a negative association between serum 25(OH)D levels and short stature in children. Each 1 ng/ml increase in serum 25(OH)D was associated with a 20% reduction in the risk of short stature (P < 0.01). The risk of short stature was significantly lower in summer and autumn compared with spring (51%, 49%, both P < 0.05), whereas the risk of short stature was not significantly lower in winter compared with spring (3%, P > 0.05). We also found a negative association between sequential day of the year and the risk of short stature in children; with the increase of the order of birth dates in the year, the risk of short stature decreased (P < 0.05).


Table 3. Univariate analysis for children's short stature [n = 462, Mean ± SD, n (%)].
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In all three models, those children born in summer had a reduced risk of short stature compared with spring, and this relationship was essentially stable (<10% change in OR across the three models). Children born in autumn had a reduced risk of short stature compared with the spring (P = 0.02), but the relationship was no longer stable after adjusting for age, weight, and 25(OH)D (P > 0.05). The risk of short stature was unstable in children born in winter compared with spring, and the difference was not statistically significant (P > 0.05). Therefore, in the fully adjusted Model III, the risk of short stature was reduced by 56.5% in children born in summer compared with spring (P < 0.05) (Table 4).


Table 4. The relationship between seasons and short stature in children in different models.
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In the present study, we analyzed the non-linear relationship between sequential day of the year and short stature (Figure 3). A smooth curve and the result of the generalized additive model show that the relationship between sequential day of the year and short stature was non-linear after adjusting for age, gender, weight, and 25(OH)D.


[image: Figure 3]
FIGURE 3. Non-linear relationship between sequential day of the year and short stature (smooth curve fitting). Outcome: Short stature. Exposure: Sequential day of the year. Adjust for gender, age, weight, 25(OH)D.


We used both logistic regression and two-piecewise logistic regression to fit the association and select the best fit model based on P-values for the log likelihood ratio test. Because the P-values for the log likelihood ratio test were <0.05, we chose two-piecewise logistic regression for fitting the association between sequential day of the year and short stature because it could accurately represent the relationship (Table 5). By two-piecewise logistic regression and a recursive algorithm, we calculated the inflection point to be 250. Because of the small effect value, we kept three decimal places. On the left side of the inflection point, the effect size and 95%CI were 0.994, 0.990–0.998, respectively. On the right side of inflection point, the effect size and 95%CI were 1.008, 1.001–1.025, respectively. Which means that from the 1st to the 193rd day of the year, the risk of short stature in children was reduced by 0.6% for each day that passes (P = 0.002), and from days 193 to 365 of the year, the risk of short stature in children was increased by 0.8% for each day that passed (P = 0.008).


Table 5. Threshold effect analysis of sequential day of the year and children's short stature using piece-wise logistic regression.
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DISCUSSION

Short stature in children has become a hot topic of concern for society and families. Short stature used to be considered an “incurable disease,” but now it is possible to improve short stature through standardized treatment (such as exogenous recombinant human growth hormone supplementation) to achieve a lifetime height that is relatively satisfactory for society and families, which is a great progress in medicine. Even though the pathogenesis of short stature in children is reported in the literature, further research and exploration of possible causative mechanisms bring more benefits to children with short stature.

Several studies find that children's growth and development exhibit distinct seasonal rhythms. Felix et al. (10) find, based on 452,399 population births in relation to season, that those born in summer (June-July-August) had a greater average birth weight, later pubertal development, and more increased adult height compared with those born in other seasons. Lei et al. (12) report the relationship between stunting and season of birth in children under 3 years old in low-income counties in western China and find that children born in summer are less likely to have stunting than those born in winter (OR: 0.74–0.97). Delecroix et al. (13) report that 25(OH)D serum concentrations were lower in cold winter-spring than in warm summer-autumn (31 ± 13 vs. 42 ± 18 ng/ml, P = 0.03) and higher in males than in females (37.6 ± 18 vs. 27.6 ± 17.3 ng/ml, P = 0.04), which may be related to the seasonal differences of light intensity. Pruszkowska et al. (14) find that individual height might be related to time of birth and season of birth. Adequate sunlight exposure activates 25(OH)D, which is also involved in lipid metabolism, whereas low 25(OH)D levels might increase the risk of obesity. Therefore, the relative lack of 25(OH)D in children born in winter affects bone growth and also indirectly leads to an increase in weight and BMI, and obesity can further contribute to short stature. Sichieri et al. (15) conclude that there is a strong correlation between obesity and short stature after taking into account diet, physical activity, and many environmental factors. The odds of obesity are twice as high in males of short stature as in males of normal stature and, in females, three times as high. When comparing BMI at age 20, the OR was even greater (about six times more in males and eight times more in females). Brabec et al. (16) find that among children born in the same year, those born between February and May (rainy season) were taller than those born between August and November (end of the dry season and beginning of the rainy season). Tanaka et al. (17) find that month and season of birth are thought to affect height, weight, and obesity in school-age children. Children born from May to March of the following year (from late spring to early winter) show a gradual decrease in height and weight, a trend that is repeated every year. Children born in the summer increased in height compared with those born in the fall, and no differences were seen in obesity levels between males and females born in different seasons. In a meta-analysis of 25(OH)D levels during pregnancy and maternal, neonatal, and infant health outcomes, Andrews et al. (18) conclude that 25(OH)D supplementation significantly reduced the risk of low birth weight by 60%. Studies by Bowyer et al. (19) and Leffelaar et al. (20)find that females with 25(OH)D deficiency (25(OH)D thresholds <25 and 29 nmol/l, respectively) gave birth to infants with significantly lower birth weight. Morley et al. (21) find that lower maternal 25(OH)D levels (<28 nmol/l) had no significant effect on mean birth weight, but their offspring had altered 25(OH)D receptor (FokI) genotypes. That is, females with higher 25(OH)D levels had significantly heavier offspring with FF or Ff genotypes, but no weight change was seen in the ff genotype. Brooke et al. (22) report that the offspring of females supplemented with 25(OH)D gained weight faster and were taller than normal females without 25(OH)D supplementation.

In the present study, we find a possible linear and non-linear relationship between different birth seasons and short stature in children. Children born in summer have a significantly lower risk of short stature than children born in spring. The risk rate of short stature in children also tends to decrease with increasing sequential day of the year and begins to show an increasing trend after the 250th day of the year, and this change in pattern is similar to the change of seasons. Based on the results of this study, we hypothesize that the reason for the association of short stature and the season of birth is due to the intensity and duration of sunlight being greater in summer than in spring. This leads to a relative deficit in the amount of 25(OH)D obtained during the late fetal period and after the birth of the infant. The level of 25(OH)D obtained clinically from breast milk alone is relatively low and does not fully meet the growth and developmental needs of the child after birth. Therefore, we recommend that pregnant mothers and postnatal infants take adequate intensity and sufficient hours of sunlight and obtain adequate amounts of exogenous 25(OH)D supplementation. These may go some way to reducing the occurrence of short stature in children. The results of this study can be useful when pregnant mothers come to the hospital for physical examinations or newborn care, which may be an inexpensive and efficient way for prevention. Our results will be useful in further enlightening research on environmental factors associated with the season of birth that contribute to disease in adulthood. This study may help parents who are concerned about this issue to prepare for pregnancy and enhance nutritional support for newborns to reduce the incidence of this disease.



CONCLUSIONS

Children born in summer have a lower risk of short stature than spring. For children born before the 250th day of the year, sequential day of the year is negatively associated with short stature, and for children born after the 250th day, sequential day of the year is positively associated with short stature.



STRENGTHS AND LIMITATIONS

Our research has some advantages. (1) We use multiple logistic regression to quantify the independent role between independent and dependent variables; (2) we solve the non-linear problem in this study and further explored this point; (3) we are the first to describe the association between birth time rhythm and short stature of 2- to 14-year-old children in Changde city.

There are some limitations in this study: (1) This study focuses on children in Changde. Therefore, there are some defects in the universality and inference of the research. (2) Because we exclude children with a history of acute or chronic medical conditions, small for gestational age, or children who have received recombinant human growth hormone therapy, the results of this study cannot be applied to these individuals. (3) Although all children in this study were randomly included and not selected on the basis of serum 25(OH)D levels, the fact that all children in the short stature group were from a Pediatric Endocrinology Specialty Clinic may result in some selection bias, which possibly limits the application of study population.
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