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Abstract
Background: Vitamin D deficiency and insufficiency is aare significant public health problem concerns among children and adolescents. However, In central China, data on vitamin D deficiencythis issue are limited in central China. 
Methods: A In total, of 8, 248 children and adolescents under physical examination aged 0–-18 years were recruited for this study. Their serum vitamin D levels  were measured, and monthly meteorological and air pollution data from 2019 to 2022 were collected. 
Results: The Ooverall mean serum vitamin D level was 37.66 ± 17.72 ng/mL, and the prevalence of vitamin D deficiency and insufficiency were was 17.66% and 23.39%, respectively. Children aged 13–18 years had the highest vitamin D deficiency rate incidence (64.1%) and the lowest sufficiency rate (4.76%). The incidence of vitamin D deficiency of in girls, especially those aged 6–13 years and 13–18 years, was higher than that ofcompared to boys especially in 6-13 y and 13-18 y. The highest prevalence of vitamin D deficiency was observed in winter (23.22%), while whereas the lowest was found in autumn (11.96%).  and the prevalence of vVitamin D insufficiency was most prevalent in summer (26.96%), significantly  was statistically higher than that in other seasons. Girls are were more prone than boys to vitamin D deficiency than boys in spring and summer. Stepwise Mmultiple linear stepwise regression analysis showed a positive correlation between vitamin D levels, with NO2 concentrations, and sunshine hours, and a negative correlation with PM2.5.
 Conclusion: Our study revealeds a high prevalence of vitamin D deficiency and insufficiency of among children and adolescents in central China. Corrective Sstrategies to reduce burden of vitamin D deficiency and insufficiency should include promoting effective sunlight exposures, reducing air pollutants, and supplementing with vitamin D, if necessary, especially for teenage girls aged 13–-18 years, in spring and summer. 
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Introduction
Vitamin D is an essential nutrient that regulates calcium and phosphorus metabolism, as well as the activity of bone growth and homeostasis throughout life. Vitamin D deficiency (VDD) was reportedhas been associated with a wide range of chronic diseases, such as cancer (1), autoimmune diseases (2), metabolic diseases (3,4), and especially bone metabolism-related osteoporosis (5,6). Childhood and adolescence are periods of rapid growth,  and are in great demandsing a high intake of various kinds of nutrients, including vitamin D. Sufficient vitamin D, as well as other trace elements, play an important role in the growth of children, and an imbalance or lack deficiency of these essential nutrients may result in vitamin D-related diseases, including such as decreased muscle strength, respiratory infections, and nutritional rickets (7,8). With that, theTherefore, monitoring and evaluation of vitamin D levels in children and adolescentsce is of great importantce for their skeletal growth and normal development. 
Serum 25- hydroxyvitamin D (25(OH)D) is a major primary circulating metabolite of vitamin D and has been recognized as an indicator for of vitamin D levels accessing due to its long half-time and relative stability in the human body. Although consensus on the standards regarding the cut-offs values for of VDD and vVitamin D insufficiency (VDI) in children and adolescents has not been reached yet, many published researches indicates that VDD and VDI are common in children and adolescents worldwide, which has becomeposing a concerning significant public health problemconcern. For example, a recent study of vitamin D status in Japanese children found that at 2 years old implied that the prevalence of VDD (normal level <20 ng/mL) and VDI (normal range 20–-30 ng/mL) in 2-year-old children were was 24.7% and 51.3%, respectively (9). In China, about 65.98% of children and adolescents aged 6–-17 years were diagnosed as with VDD and VDI, using a when the cut-offs values of 25(OH)D was set asat 20 ng/mL (10,11). However, there have been feware limited studies focusing on the status of vitamin D in amongChinese children and adolescents of all ages, especially in central China.	Comment by Editor: An en dash, and not a hyphen, should be used to indicate ranges.
It is now commonly believedwidely recognized that human vitamin D status in humans depends onis influenced by many factors, such as dietary intake,; ages,; races,; body mass index (BMI),; and factors related to sunlight exposure, such as ( geographic latitude, season, sunscreen use, and outdoor activities, etc., which was consideredare critical for  the main way of vitamin D production) (12,13). BesidesIn addition, some climatic variables and air pollution indicesexes , are also well-known indicators to affecting sunlight exposures (14,15), which have not been fully taken into consideredation when assessing vitamin D levels in among Chinese children and adolescents.	Comment by Editor: I have deleted abbreviations used only once in the manuscript.	Comment by Editor: In American English, a comma is inserted before the conjunction that precedes the last element of a series (e.g., bread, eggs, and milk). This comma is called the series comma and is inserted for clarity.
With this backgroundTherefore, the aim of this study was aimed to analyze and evaluate the vitamin D nutritional status and identify the risk factors of for VDD and VDI of in children and adolescents of all ages in central China. AccordinglyHence, we examined serum 25((OOH)D levels in central Chinese children and adolescentsthis population for to assess the prevalence of VDD and VDI,. In addition, we explored  as well as its the association between vitamin D levels and various with climatic and meteorological factors, as well as and air pollution indexes. 

Materials and methods
Participants and ethics
A total of 8,248 healthy children and adolescents of aged 0–-18 years old, which receivedwho underwent physical examinations and routine 25(OH)D testing in at a cChildren’s Hhospital from January 2019 to February 2022, were recruited. The Eexclusion criteria for the study were the presence of as follows: 1.Sspecific symptoms due to infections or other underlying diseases (such as tumors, hepatitis, and diabetes mellitus, etc.) and 2.Those who are takingthe use of drugs that affect bone metabolism (including anti-convulsants, cimetidine, and theophylline , etc.).
The subjects participants were divided into five age groups according to clinical criteria, as follows: the infant group was defined as the stage of life from birth to <1 year old (0–1 year of age); the toddlerhood group was between ≥1 and <3 years old (1–3 years of age); the preschool group was between ≥3 and <6 years old (3–6 years of age); the school- age group was between ≥6 and <13 years old (6–13 years of age), and the adolescentce group was between ≥13 and ≤18 years old (13–18 years of age). The sSeasons were was classified by theas followsing standard: spring (March to May); summer (June to August); fall autumn (September to November); and winter (December to February). Written informed consent was obtained from all parents, and the study protocol of this study was approved by the Hhospital’s Ethics Review Committee.	Comment by Editor: Note that I have changed "fall" to "autumn" here to maintain consistency with the rest of the manuscript.

Serum vitamin D measurement
Fasting venous blood samples were collected from the children in the morning. Serum samples were extracted from the blood samples after centrifugation at 3000 rpm for 5 min and were sent to the local laboratory following the principles of cold chain for further vitamin D testing. Serum levels of vitamin D were detected for in all samples using a Mindray full-y automatic chemiluminescence analyzer (CL6000i,; Shenzhen Mindray Bio-Medical Electronics Co., Ltd, Shenzhen, P.R. China). The Aanalyses were performed conducted in an accredited laboratory in compliance with the standard operating procedures and as well as quality assurance and quality control (QA/QC) protocols.
To clarify ascertain the prevalence of VDD and VDI in the population, vitamin D levels were was categorized into three groups based on the serum 25(OH)D concentrations according to the assessment criteria published by the Japanese Society for Bone and Mineral Research (JSBMR) (16): vitamin D deficiencyVDD (≤20 ng/mL), vitamin D insufficiencyVDI (20–30 ng/mL), and vitamin D sufficiency  (VDS; ≥30 ng/mL).

Climateic data collection
Monthly meteorological data and air pollution data from 2019 to 2022 were obtained from the publicly accessible China National Meteorological dData sharing systemService Centre (http://www.nmic.cn/). The climatice variables included temperature (oC), relative humidity (%), precipitation volume of precipitation(mm), and sunlight hours (h). Air pollution data refers toencompassed a series of indicesexes describing air pollutants which that may influence the whole climate changes, including particulate matter with an aerodynamic diameter of ≤2.5 μm (PM2.5), nitrogen dioxide (NO2), sulfur dioxide (SO2), carbon monoxide (CO), and O3-8H (the 90th percentile of monthly maximum 8-hour average ozone concentrations) (17,18). Monthly air pollutant concentrations were calculated as the mean per 24-h24-hour period, except for O3, which was calculated as the flow-weighted mean concentration per eight8-hour period. Concentrations of air pollutants were expressed in micrograms per square meter (μg/m3), except for CO,  for which was measured in milligrams per square meter (mg/m3) was used.	Comment by Editor: The pronoun “which” is used to introduce nonessential information, and the pronoun “that” is used to include essential information.

Statistical analysis
Continuous variables (serum vitamin D level, sunshine hours, and PM2.5, etc.) were summarized asusing the mean and standard deviation (SD), and categorical variables (prevalence of VDD, VDI, and VDS, etc.) were presented as the numbers and percentages (%). Differences ion serum vitamin D concentrations between the indicated groups were compared using independent -samples t-tests and one-way analysis of variance. A stepwise Mmultiple linear stepwise regression analysis was used to examine the associations between of monthly vitamin D levels, with meteorological factors (sunshine hours, volume of precipitation volume, and relative humidity), and air pollutionants data ( PM2.5, SO2, NO2, CO, and O3-8H). All data were analyzed using SPSS software (version 21.0 (IBM, Armonk, NY, USA), was used for all statistical analyses and the a P-value less than 0.05 difference was considered statically statistically significant when P<0.05. 

Results
Basic characteristics
A total of 8,248 children and adolescents aged 0–-18 years old were enrolledlisted, including comprising 5,047 boys (61.19%) and 3,201 girls (38.81%). Their mean age was 6.2 years old. The age distribution was as follows:  and 1,255 (15.22%) were infants aged <1 year, 1,679 (20.36%) were toddlershood children  aged 1–-3 years, 2,252 (27.30%) were preschool children between aged 3–-6 years, 2,789 (33.81%) were school- age children between aged 6–-13 years, and the rest 273 (3.31%) were adolescents aged 13–-18 years (Table 1). 

Variation in Vvitamin D levels and status variation by age, gender, and season
The serum vitamin D levels of all participants were measured, and the mean concentration was 37.66 ± 17.72 ng/mL. Vitamin D status was defined and categorized according to the criteria by JSBMR.  and tThe prevalence of VDD and VDI were was 17.66% and 23.39% respectively, the total of which accounted for over 40% of all the participants. Among the five age groups, children aged 13–18 years had the highest rate of vitamin D deficiencyVDD for (64.1%) and the lowest rate of sufficiency VDS for (4.76%),. In contrast, while children aged between 6–13 years had showed the highest rate of vitamin D insufficiencyVDI (VDI for 42.56%, Table 1). As shown in Fig. 1A, the total prevalence of VDD and VDI of across the different age groups were was 14.10%, 2.23%, 27.35%, 82.25%, and 95.24%, respectively. The incidence of VDD and VDI increasesd with ages, and the differences among different age groups was were statistically significant (F = 2460.66, P < 0.001). In lines with thiese findings, the mean vitamin D levels of in the different age groups from infants to adolescents were 49.12 ± 16.23 ng/mL, 55.65 ± 13.27 ng/mL, 38.35 ± 12.58 ng/mL, 23.04 ± 8.15 ng/mL, and 18.18 ± 6.79 ng/mL,. and tThe highest average vitamin D levels were found in the 1–3-year age group, while childrenwhereas adolescents  aged 13–18 years had the lowest vitamin D levels (Table 1). This trend, which also roughly implies thesuggests a decrease ingin tendency of vitamin D nutritional status with increasing ages.
The mean serum vitamin D levels were similar in boys (37.78 ± 17.56 ng/mL) and girls were 37.78±17.56ng/mL and( 37.40 ± 18.00 ng/mL), with no significant differences (P = 0.346),. However, but the incidence of vitamin D deficiencyVDD  of girl group was significantly greater in girls than in that of boys group with statistical differences (Table 1). When Ccomparingsons between  boys and girls of different age groups, showed thatthe mean vitamin D levels were basically similar, except for the group agedin the 6–-13 y and 13–-18- year age groups, where boys had significantly higher vitamin D levels (23.72 ± 8.21 ng/mL and 18.56 ± 6.64 ng/mL, respectively) than compared to girls (23.72±8.21ng/mL and 18.56±6.64ng/mL versus (22.01 ± 7.95 ng/mL and 16.14 ± 6.43 ng/mL, respectively), as shown in Fig. 1B), indicating a comparative lacking statusrelative deficiency of vitamin D for in teenage girls especially aged between 13–-18 years.
The average levels of serum vitamin D collected recorded in all seasons were also analyzed and the distribution was differentfound to vary among the seasonal groups (Table 1). The Participants had relatively higher average vitamin D levels of the participants measured in spring and autumn were relatively higher than those incompared to summer and winter, with and the difference was being extremely statistically significant (Table 1, P < 0.001). The incidence of vitamin D deficiencyVDD was highest in winter (23.22%) and lowest in autumn (11.96%)was the highest and the lowest, respectively (23.22% and 11.96%). The prevalence of VDI was significantly higher in summer (26.96%) was statistically higher than that in spring (18.9%), autumn (22.97%), or winter (21.96%, P < 0.05). There is nNo significant difference in vitamin D levels between boys and girls was observed in each any season (data not shown). However, , but girls weare more prone than boys to VDD than boys in spring and summer. In contrast, while the incidence of vitamin D deficiencyVDD and insufficiency VDI between girls and boys in autumn orand winter was not that as significant as in other seasons (Fig.ure 1C). 

Association of vitamin D levels with climatic and air pollutants
In addition to age, gender, and season, other factors such as climatic and air pollutants may also have important effects oninfluence vitamin D status (13). To explore the potential interactions between vitamin D status and environmental factors, we collected climatic meteorological data and some common air pollution indicesexes in Wuhan in every month from January 2019 to February 2022, using the from China National Meteorological Data Sharing Service SystemCenter. The climate variablesdata included temperature,; relative humidity,; precipitation volume; of precipitation and sunlight hours; and a series of air pollution relatedpollution-related indicators including such as PM2.5, SO2, NO2, CO, and O3-8H. The correlations between serum vitamin D levels and various air pollution and climate-related parameters, such as NO2, PM2.5, and sunshine hours were performed byexamined using stepwise multiple linear stepwise regression analysis. and tThe correlation coefficients was are presented in (Table 2). Serum vitamin D levels were positively correlated with NO2 concentrations (standard coefficient = 0.661, P = 0.020) and sunshine hours (standard coefficient = 0.710, P = 0.013). In contrast,, while a negative relationship correlation was observed with PM2.5 levels (standard coefficient = −-0.836, P = 0.036, Table 2). The dynamic changes of in serum vitamin D levels with sunshine hours (Fig. 2A), NO2 (Fig. 2B), and PM2.5 levels (Fig. 2C) were are detailed described in Figure 2 respectively.	Comment by Editor: Tables and figures should always be referred to in the present tense.

Discussion
Vitamin D deficiencyVDD or insufficiencyVDI-related diseases and problems issues have increasingly drawn attention to the forced more and more people to focus on vitamin D nutritional status in children and adolescents. In recent years, a high incidence of VDD or VDI hasve been observed in many regions of China, with fluctuating and the levels of vitamin D vary as well. For example, a study in Huzhou reported that 23.3% of children aged under 18 years had a low vitamin D status (19), and whereas anothera study reported that in Guangzhou, the prevalence of vitamin D deficiencyVDD and insufficiency VDI were was 10.8% and 39.0%, respectively (20). Another study in Hangzhou reported that a total of 11.4% of the children had vitamin D deficiencyVDD, and 52.6% had vitamin D insufficiencyVDI (21). The China National Nutrition and Health Survey 2016–2017 reported a prevalence of VDD and VDI of in Chinese children and adolescents from China National Nutrition and Health Survey (CNNHS) 2016–2017 wasat 21.29%, and 44.69%, respectively (10). In this study, we conducted a hospital-based, cross-sectional observational study conducted in Wuhan, Hubei Province, central China, we enrolled 8,248 children undergoingto investigate the prevalence of vitamin D deficiency, insufficiency in Wuhan, Hubei Province in central China . A total of 8 ,248 children and adolescents under health examinations in a cChildren’s hHospital were enrolled in this study. We found that Tthe prevalence of VDD and VDI was 17.66% and 23.39%, respectively, which implies that the vitamin D status wasis suboptimal, and VDD and VDI were are highly common in pediatric populations in Wuhan, Ccentral China.
Our research also showshighlights that age, gender, and and season have substantial effectsconsiderably affect on serum vitamin D levels, and should be taken into account in the interpretation of results. Our present analyses have revealed a statistically significant association between of vitamin D deficiencyVDD and insufficiency VDI and with age, with a tendency toward showing an increased incidence with increasing age,. Notably, participants aged  and the subjects under 3 years old had relatively more adequate vitamin D status levels in the presentour study. These findings are consistent with previous data showing that adolescents have a lower serum vitamin D levels compared to than younger group individuals (22,23), which may be due to the conventional prescription of vitamin D supplements to young children, as recommended  of this age by pediatricians to follow the Eexpert consensus (24). School- age children aged (6–13 years) and adolescents aged (13–18 years) had a considerably poorer vitamin D status than compared to children <under 3 years. The relatively low levels of vitamin D in these age groupsThis trend hasve also been reported elsewhere in other studies (25), and can be attributed to  which were influenced by lifestyle factors, such as exercisereduced physical activity, limited time spent outdoors, and inadequate sun exposure. Children in these age groups tend to spend more time indoors due to the increased workload at school, and their daily diet may contain fewer foods rich in vitamin D than compared to younger children. Therefore, due to their lower vitamin D levels of vitamin D, school-age children need more vitamin D for their rapid growth.	Comment by Editor: Check the accuracy of the edit.
It was previously reported that the incidence of vitamin D deficiency is significantly higher in girls (26,27), which was also indicated observed in this study. In addition, we observed that vitamin D levels of girls between aged 6–-13 years and 13–-18 years were significantly lower compared to than boys. This disparity might be attributed due to less sun exposure of among girlsfemales, possibly due to because of limited outdoor activities, conservative clothing styles, withand a tendency for girls to spending more time indoors than compared to boys. It is important to note that optimizing vitamin D status is particularly important during adolescence, as this period is associated withmarked by peak bone mass accumulation and an increased significant risk of bone fractures (28,29).
Significant seasonal changes in serum vitamin D levels were also foundare observed worldwide, with a higher prevalence of vitamin D deficiency in spring and winter than in summer and autumn (30,31). However, our research shows that in Wuhan City, vitamin D levels during summer and winter were obviously lower than those in other seasons, which might be associated with its the city’s geographical location and the specific climatetic factors. The Sshorter daylight hours and colder weather in winter, coupled with long,  and harsher summers lasting for a long time (with a maximum temperature of 40℃), limit in Wuhan City reduce outdoor activities and sunlight exposure for people, leading to lessthereby reducing vitamin D synthesis by in the skin. For individuals of all ages, it is recommended to consciously increase the time duration of sunlight exposure or consider moderately take vitamin D supplementsation, particularly in winter and summer. It is important to consider Tthese seasonal variations in vitamin D status are important to consider for developing public health interventions aimed at optimizing vitamin D status levels in this population.
In addition, several lines of evidence have impliedMultiple studies suggest a close association between vitamin D status and environmental factors, including air pollution and climate-related parameters such as NO2, O3-8H, PM2.5, PM10, and sunshine hours et al (13–15). In this our study, we found that vitamin D levels were positively correlated with NO2 concentrations as well as sunshine hours, while and negatively correlated with atmospheric PM2.5 concentrations in the atmosphere. Theis  correlation between vitamin D levels and sunshine hours or PM2.5 were basically consistentcy with previous researches. This association highlights the importance of outdoor activities and sun exposure in promoting optimal vitamin D status levels and indicates that children and adolescents living in highly polluted areas with high levels of pollution may be at increased risk of vitamin D inadequacyVDI. Appropriate sunlight exposure while avoiding harmful strong ultraviolet radiation and coupled with strategies to mitigate the effects of air pollution, especially particulate matter, such as air purifiers or masks, may help to improve vitamin D status in these populations. Notably, the positive correlation between serum vitamin D concentrations and NO2 was an unexpected finding, as previous studies have reportedcontradicts some previous conflicting  results (13). One potential explanation for the contradictory conclusion is that NO2 acts as ais an ozone precursor to ozone, but the nature of ozone pollution which may be more difficult to perceiveless detectable than PM2.5 pollution. Ozone pollution does not necessarily cause visible air pollution or atmospheric turbidity and is less perceptible to sensory stimuli such as visual and olfactory cues, making it a covert type of air pollution (32),. Further, ozone pollution is more likely to occur on sunny days, leading to increased sun exposure,  which could reduce public awareness of its presence. As individuals may overlook ozone pollution, they may continue outdoor activities, increasing their exposure to sunlight, which maycan positively affect the concentration ofinfluence vitamin D in the bodylevels. However, exposure to high ozone concentrations can cause adversely affect health effects, particularly toin vulnerable populations such as children, the elderly individuals, and individuals with respiratory and or cardiovascular diseases,. Hence, raising public awareness of about the associated risks and implementing effective measures to reduce ozone pollution and mitigate its effects on human health is are critical steps.	Comment by Editor: Check the accuracy of the edit.
The strengths of our study include a large sample size and the inclusion of, sampling all age groups of children and adolescents, and coupled with a comprehensive analyseis of multiple factors related toinfluencing vitamin D status. However, several limitations of the study need to be taken into consideration. Firstly, owing to the cross-sectional design of our study was cross-sectional in nature and thus, we cannot could not establish infer causality between the vitamin D deficiencyVDD, and insufficiencyVDI, and the analyzed factors that we analyzed. Secondly, we did not measure the dietary intake of vitamin D and or physical activity levels, both of which are important modifiable factors for vitamin D status, were not measured in our study. Thus, Ffuture research studies should thus investigate the roles of dietary intake and physical activity in vitamin D status. 
In conclusion, our findings reveal a high prevalence of vitamin D deficiency and insufficiency among children and adolescents in central China and suggest a possible interaction between vitamin D status and environmental factors such as air pollution and climateic factors. Our results have important implications for public health interventions focused on reducing vitamin D deficiencyVDD and insufficiencyVDI and preventing the associated health outcomes. Further research is needed to explore the underlying mechanisms linking vitamin D status, environmental factors, and chronic disease risks, and to determine the optimal strategies for improving vitamin D status levels in this population.
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Figure legends
Fig.ure 1. Graphs show the Vvitamin D status of participants in different growth groupsstages. 
(A) Incidence of vitamin D status (vitamin D deficiency, insufficiency, and sufficiency) in different age groups; was presented. (B) The aAverage vitamin D concentrations in different age groups were presented (*refers to P < 0.05 between boys and girls in the 13–-18-year age group).; (C) Incidence of vitamin D status (vitamin D deficiency, insufficiency, and sufficiency) in different seasonal groups was presented.

Fig.ure 2. The Graphs show dynamic changes of in serum vitamin D levels with (A) sunshine hours (A), (B) NO2 levels(B), and (C) PM2.5 levels (C) were displayed respectively.




Table 1. General characteristics including gender, age and season distributions, and serum vitamin D concentration and vitamin D status (vitamin D deficiency, insufficiency, and sufficiency) for of the enrolled employed children and adolescents.
	Parameters (n, %)
	Vitamin D levels (ng/mL)
	P
	Vitamin D status n (%)
	P

	
	
	
	Deficiency
	Insufficiency
	Sufficiency
	

	Gender
	
	
	
	
	
	

	Boy (5 047, 61.19)
	37.78± ± 17.56
	0.346
	821 (16.27)
	1236 (24.49)
	2990 (59.24)
	<0.001

	Girl (3 201, 38.81)
	37.40± ± 18.00
	
	636 (19.87)
	693 (21.65)
	1872 (58.48)
	

	Ages
	
	
	
	
	
	

	<1 y (1255, 15.52)
	49.12± ± 16.23
	
	63 (5.02)
	114 (9.08)
	1078 (85.90)
	

	1–-3 y (1679, 20.36)
	55.65± ± 13.27
	
	2 (0.12)
	37 (2.20)
	1640 (97.68)
	

	3–-6 y (2252, 27.30)
	38.35± ± 12.58
	<0.001
	110 (4.89)
	506 (22.47)
	1636 (72.65)
	<0.001

	6–-13 y (2789, 33.81)
	23.04± ± 8.15
	
	1 107 (39.69)
	1187 (42.56)
	495 (17.75)
	

	13–-18 y (273, 3.31)
	18.18± ± 6.79
	
	175 (64.10)
	85 (31.14)
	13 (4.76)
	

	Seasons
	
	
	
	
	
	

	Spring (1 762, 21.36)
	40.25± ± 19.08
	
	317 (17.99)
	333 (18.90)
	1112 (63.11)
	

	Summer (2 912, 35.31)
	36.44± ± 16.92
	<0.001
	485 (16.66)
	785 (26.96)
	1642 (56.38)
	<0.001

	Autumn (1 898, 23.01)
	40.03± ± 17.36
	
	227 (11.96)
	436 (22.97)
	1235 (65.07)
	

	Winter (1 676, 20.32)
	35.63± ± 17.60
	
	296 (23.22)
	280 (21.96)
	699 (54.82)
	

	Total
	
	
	
	
	
	

	Total (8 248, 100)
	37.66± ± 17.72
	
	
	
	
	





Table 2. Stepwise mMultiple linear stepwise regression analysis model forof the correlations between monthly mean of vitamin D levels and monthly mean values of meteorological factors and air pollution data represented as sStandard coefficient and P values. Variables under consideration in this study includeds relative humidity,; sunshine hours;, precipitation volume of precipitation,; and average PM2.5 concentrations, SO2 concentrations, NO2 concentrations, CO concentrations, and O3-8H concentrations.

	Parameter
	Model summary
	Correlation coefficients

	
	Model significance (ANOVA)
	Adjusted R2
	Meteorological factor
	Standard coefficient
	P value

	Vitamin D (ng/mL)
	P < 0.01
	0.375
	PM2.5 (μg/m3)
	−-0.836
	0.036

	
	
	
	SO2 (μg/m3)
	0.192
	0.383

	
	
	
	NO2 (μg/m3)
	0.661
	0.02

	
	
	
	CO (mg/m3)
	0.366
	0.2

	
	
	
	O3-8h (μg/m3)
	0.035
	0.894

	
	
	
	Sunshine hours (h)
	0.71
	0.013

	
	
	
	Relative humidity (%)
	0.44
	0.142

	
	
	
	Volume of Precipitation volume (mm)
	0.104
	0.624
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