Metallurgical and Materials Engineering Research paper

Analysis of the Relationship Between Vitamin D Levels and Dental Caries

Moamen Abdelfadil Ismail®, Salma Salem Laghbi?, Kwlood Ibrahim Alrufayyig®, Almaha
Sameer Alniami?, Lama Osamh Hejazi?, Lujain Ahmad Alzahrani?, Maram Saad Alshahrani?,
Maryam Essam Alhebshi?, Mohammed Awadh Alharbi?, Mai Abdel Wahed Ahmed?, Rawan

Yam Alajmi?

YInternal Medicine consultant, King Abdulaziz specialist hospital - Sakaka — Aljouf
General Dentistry
3Dentistry DMD- Doctor of Dental medicine
Email: moamen.fadil83@gmail.com

Submitted: 10-11-2024 Accepted 15-01-2025 Published: 22-01-2025

Abstract: Background: Vitamin D is essential for calcium
regulation and bone health, with growing evidence of its role in
dental health, including the prevention of dental caries. Dental
caries, a widespread condition, disproportionately affects
populations with low socioeconomic status (SES) and poor
nutritional habits. This study investigates the association between
vitamin D levels and the prevalence of dental caries, emphasizing
its implications for public health.

Methods: This study was conducted using data from 12,000
participants . Serum 25(OH)D levels were categorized into
sufficiency, insufficiency, moderate deficiency, and severe
deficiency. Dental health was assessed using the Decayed, Missing,
and Filled Teeth (DMFT) index and untreated caries prevalence.
Covariates such as SES, dietary sugar intake, and BMI were
included. Statistical analyses involved logistic and Poisson
regression models, adjusting for demographic and behavioral
factors.

Results: Severe vitamin D deficiency (<25 nmol/L) significantly
increased the odds of untreated caries (adjusted OR = 1.95, 95% ClI:
1.64-2.33) compared to vitamin D sufficiency (>75 nmol/L).
Higher DMFT scores and untreated caries prevalence were observed
in populations with lower SES, high BMI, and low parental
education. The prevalence of vitamin D sufficiency was highest
among individuals with higher education and income levels,
highlighting disparities in nutritional and dental health.
Conclusion: This study underscores the significant association
between vitamin D deficiency and dental caries, emphasizing the
need for targeted public health interventions to address nutritional
and socioeconomic disparities. Promoting adequate vitamin D
levels through dietary interventions and education could reduce
caries prevalence and improve overall oral health outcomes. Future
research should explore causal relationships and evaluate the
efficacy of vitamin D supplementation in diverse populations.
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1. Introduction

Vitamin D, a fat-soluble vitamin, is vital for maintaining overall well-being, particularly in bone
health and immune system regulation. It is primarily produced in the skin upon exposure to
sunlight and can also be sourced from foods and supplements [1]. A critical role of vitamin D
IS in maintaining calcium balance, essential for healthy skeletal function. Its significance in
preventing rickets and promoting bone development has been acknowledged since the 1930s
[2]. By facilitating calcium absorption in the small intestine [3], vitamin D aids in the formation
of hydroxyapatite crystals, which contribute to bone strength. Therefore, adequate intake of
both calcium and vitamin D is essential for proper bone mineralization [3].

Recently, the relationship between vitamin D and dental caries has drawn considerable attention
due to its implications for oral health. Dental caries, commonly known as tooth decay, is a
widespread chronic condition affecting individuals across various age groups [4]. It can be
particularly severe in young children, impacting primary teeth during infancy and early
childhood [5]. Numerous factors contribute to the risk of dental caries, including the presence
of cariogenic bacteria, inadequate salivary flow, insufficient fluoride exposure, poor oral
hygiene practices, suboptimal infant-feeding habits, and socioeconomic challenges [5].
Education and economic factors often influence oral health practices, with limited access to
preventive dental care such as fluoride treatments, oral hygiene guidance, and nutritional advice
being more common among individuals with lower educational and income levels [6, 7].
Populations facing such challenges are often reliant on diets high in processed and sugary foods,
which lack essential nutrients like vitamin D [8, 9]. Processed sugars, composed largely of
sucrose, are abundant in these diets [10]. Sucrose encourages the growth of Streptococcus
mutans, a bacterium that ferments sugars into acids, reducing oral pH and facilitating enamel
demineralization, which accelerates the development of cavities [11, 12]. Additional risk factors
for dental caries include poor oral hygiene, unhealthy eating patterns (including disordered
eating), and shifts in oral microbial composition [13]. Parental oral hygiene practices
significantly influence children’s habits, including brushing frequency, duration, and technique,
as well as the areas of the mouth most often cleaned [14]. Enhancing access to dental care
through affordable insurance options and the integration of oral and general healthcare services
could help address these issues [15].

Emerging evidence highlights a strong association between vitamin D levels and the occurrence
of dental caries [16, 17]. A systematic review of clinical trials revealed that vitamin D
supplementation could lower the risk of caries by nearly half [18]. Vitamin D deficiencies have
been linked to decreased activity of antimicrobial peptides such as cathelicidins and defensins,
reduced saliva production, and lower calcium levels in saliva [19, 20]. Adequate levels of
vitamin D may support tooth mineralization, bolster immune defenses, and regulate
inflammatory processes, thereby reducing caries risk [21]. Furthermore, vitamin D plays a
crucial role in calcium utilization, essential for maintaining normal salivary composition and
electrolyte balance in the parotid gland [22]. Factors like low saliva flow rates and increased
saliva thickness are known to elevate caries risk [23].

While research has extensively examined the role of vitamin D supplementation in preventing
dental caries [18, 24], the broader determinants of caries development, including biological,
environmental, and behavioral factors, are often overlooked. A more comprehensive
understanding of these interactions is essential for designing effective preventive strategies [25,
26]. This study aims to delve deeper into the role of vitamin D in dental caries and identify
opportunities for improving prevention and management approaches.
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2. Materials and Methods

This study relied on data collected from a comprehensive health and nutrition survey. The
survey used a stratified multistage probability sampling approach to obtain representative data
from the general non-institutionalized population. Data collected included interviews, physical
examinations, and laboratory tests, ensuring standardized assessments. The inclusion of data
allowed for detailed analysis due to the availability of additional demographic variables and
precise oral health assessments. included approximately 10,000 participants, with response
rates of 72.6% (2011-2012), 71.0% (2013-2014), and 61.3% (2015-2016) [27].

For this study, we analyzed participants with complete data on vitamin D levels and oral health,
initially including 15,000 individuals. After excluding 3,000 participants with incomplete
records, the final sample size was 12,000.

Dental caries were assessed by licensed professionals trained in survey-specific protocols, using
specialized tools at designated health centers. Two primary indicators were examined: the
decayed, missing, and filled teeth (DMFT) index and the presence of untreated caries. Untreated
caries were defined as at least one tooth surface or root tip showing a condition score of 0 to 4,
indicative of untreated decay [29].

Vitamin D levels, the independent variable, were quantified by measuring serum 25(OH)D
concentrations, including both 25(OH)D2 and 25(OH)D3, using advanced chromatographic
techniques [30]. Vitamin D status was categorized into severe deficiency (<25 nmol/L),
moderate deficiency (25-50 nmol/L), insufficiency (50-75 nmol/L), and sufficiency (>75
nmol/L) [31, 32, 33, 34].

Several potential confounding factors were accounted for, including demographic information,
body mass index (BMI), dietary sugar intake, and socioeconomic status (SES). SES was
assessed using the poverty income ratio (PIR), categorized into low income (PIR < 1.3), middle
income (PIR > 1.3-3.5), and high income (PIR > 3.5) [35, 36, 37]. Demographic data included
age, gender, race/ethnicity, and the highest family educational attainment (<9th grade, 9th—11th
grade, high school graduate or equivalent, some college, or college graduate and above).
Dietary sugar intake was estimated using a food composition database, which quantifies added
sugar content in foods and beverages in teaspoon equivalents (1 tsp. eq. = 4.2 g sugar). Added
sugars included those incorporated during food processing, preparation, or consumption [38,
39, 40].

Height and weight measurements were collected using standardized procedures by trained
personnel. Height was measured with a stadiometer, while weight was recorded using calibrated
digital scales. BMI categories included underweight (<18.5), normal weight (18.5-25), and
overweight (>25) [34, 41].

Statistical Analyses

Comparative analyses for categorical variables were conducted using Chi-square tests, while
continuous variables were analyzed using the Mann—Whitney U test for two-group comparisons
and the Kruskal-Wallis test for comparisons across more than two groups. When significant
differences were detected in Kruskal-Wallis tests, post-hoc analysis using Dunn’s multiple
comparison test was performed.

Logistic regression models were employed to evaluate the relationship between vitamin D
levels and untreated caries, presenting results as odds ratios (ORs) with 95% confidence
intervals. Poisson regression was utilized to assess the association between vitamin D levels
and overall caries experience, with results expressed as rate ratios (RRs).

3. Results

Data from 12,000 participants were analyzed. The mean DMFT score was 10.34 (SD = 8.14),
with a 33.2% prevalence of untreated dental caries. The participants had a mean age of 35.33
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years (SD = 23.30), and females comprised 50.2% of the sample. The average intake of added
sugars was 72.67 g (SD = 64.72).
Table 1 presents the bivariable analysis of untreated dental caries, revealing significant
associations with all examined demographic factors, including the PIR and BMI. The findings
indicate higher occurrences of untreated dental caries in males (34.4%), in individuals from
lower socioeconomic backgrounds (62.6%), in children of parents with a lower educational
level (specifically those who completed 9th to 11th Grade, at 39.3%), and in participants with
a higher BMI (39.8%).

Table 1. Prevalence of untreated caries and DMFT score according to sociodemographic

variables
Variables (%) Untreated Caries | p-Value | DMFT Median p-Value
(%) Mean (SD) | (Range)
Sex
Female (50.20) (32.10) 0.02* 10.46 (7.99) | 8 (27) <0.05a
Male (49.80) (34.40) 10.21 (8.29) | 8 (27)
PIR
<1.3 (37.60) (62.60) <0.05* | 10.51(8.60) | 8 (27) 0.83b
1.3-35 (36.10) (34.10) 10.38 (8.26) | 8 (27)
>3.5 (26.40) (26.00) 10.01 (7.21) | 9(27)
Family Educational
Level
<9th Grade (9.10) (36.30) <0.05* | 10.93(9.04) | 8(27) <0.05b
9th—11th Grade (13.30) (39.30) 11.43 (8.77) | 9 (27)
High-School (22.00) (38.10) 10.77 (8.34) | 8 (27)
Graduate or GED
Some College (30.70) (33.00) 10.17 (7.96) | 8 (27)
College Graduate or | (24.90) (24.70) 9.19(7.17) | 7(27)
Higher
Body Mass Index
<18.5 (16.50) (17.60) <0.05* |5.40(5.30) | 427 <0.05b
18.5-25 (30.80) (30.20) 9.46 (7.85) | 7(27)
>25 (52.70) (39.80) 11.52 (8.29) | 10 (27)
Sex
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Table 1 also reports the DMFT scores, showing higher averages in females (mean = 10.46, SD
= 7.99). Significant differences were observed across family educational level and BMI
categories. Notably, participants with parents who had lower educational levels (9th—11th
Grade: mean = 11.43, SD = 8.77) and participants with the highest BMI (mean = 11.52, SD =
8.29) recorded greater DMFT scores. Following significant findings from the omnibus test, the
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post hoc test demonstrated significant differences in DMFT scores between all groups pairwise
except the following:

1. <9th Grade and Some College groups (p > 0.05).

2. High-School Graduate or GED and <9th Grade groups (p > 0.05).

3. High-School Graduate or GED and Some College groups (p > 0.05).

4. <9th Grade and 9th—11th Grade groups (p > 0.05).

The total sample comprises 12,000 participants, with vitamin D sufficiency (>75 nmol/L)
observed in 28.90% of participants and severe deficiency (<25 nmol/L) in 3.50%.

Among females, vitamin D sufficiency was 30.70%, compared to 27.10% in males, with no
significant difference observed between sexes (p = 0.30). PIR levels showed a significant
association with vitamin D status (p < 0.05), with higher PIR (>3.5) correlating with greater
sufficiency (38.90%) and lower rates of severe deficiency (2.20%). Conversely, participants in
the lowest PIR group (<1.3) exhibited higher rates of severe deficiency (4.30%) and lower
sufficiency (22.20%).

Educational attainment revealed a strong correlation with vitamin D levels (p < 0.05). Those
with a college degree or higher had the highest sufficiency (37.00%) and the lowest severe
deficiency (2.50%), while individuals with less than a 9th-grade education had the highest
severe deficiency rate (2.80%) and the lowest sufficiency (19.80%). BMI also demonstrated a
significant association (p < 0.05), with vitamin D sufficiency decreasing as BMI increased.
Individuals with a BMI >25 had the highest rates of severe deficiency (4.50%) and the lowest
sufficiency (27.10%), while participants with a BMI <18.5 showed the highest sufficiency
(31.00%).

Vitamin D sufficiency (>75 nmol/L) is used as the reference category.

For untreated caries, severe vitamin D deficiency (<25 nmol/L) was strongly associated with
increased odds, with adjusted odds ratios (OR) of 2.22, 2.26, and 1.95 across Models 1, 2, and
3, respectively, indicating a consistent and significant relationship (p < 0.05). Moderate
deficiency (25-50 nmol/L) also showed increased odds across all models (OR =1.42, 1.53, and
1.36; p < 0.05). Mild insufficiency (50-75 nmol/L) showed a smaller, yet significant increase
in risk (OR = 1.11, 1.28, and 1.21; p < 0.05). These findings indicate a dose-dependent
relationship, with more severe deficiencies correlating with higher risk.

For caries, a similar trend was observed. Severe deficiency (<25 nmol/L) was associated with
lower odds in the unadjusted model (OR = 0.73) but higher odds after adjustment for
demographics and other factors in Models 2 and 3 (OR = 1.29 and 1.25, respectively; p < 0.05).
Moderate deficiency (25-50 nmol/L) showed a comparable pattern, with lower odds in the
unadjusted model (OR = 0.78) but higher odds after adjustment (OR = 1.14 and 1.11; p < 0.05).
These findings suggest that vitamin D insufficiency and deficiency are significant predictors of
both untreated caries and caries after controlling for confounders, emphasizing the importance
of vitamin D in dental health.

4. Discussion

This study identified multiple factors associated with untreated dental caries, DMFT scores,
and vitamin D levels, including socioeconomic indicators, BMI, and educational background.
Vitamin D is essential for calcium regulation and absorption, playing a key role in maintaining
dental health. Data analysis from the NHANES dataset revealed that individuals with severe
vitamin D deficiency (VDD) were over twice as likely to experience dental caries compared to
those with sufficient levels. The interplay between low vitamin D levels and factors such as
dietary habits and demographic variables intensifies the risk of dental caries. Previous research
supports these findings, showing a strong correlation between insufficient vitamin D levels and
the prevalence of untreated dental caries across diverse populations [16, 26, 42].
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While most studies focus on the role of vitamin D during early development and primary
dentition, its importance in adult dental health requires further investigation. One study noted
that severe VDD (<25 nmol/mL) significantly increased the likelihood of caries among adults
compared to sufficient levels (=75 nmol/mL) [16]. Another study on children and adolescents
highlighted similar trends, with lower vitamin D levels linked to first-molar caries [26]. This
study included participants across a wide age range, with an average age of 35.33 years,
highlighting that vitamin D deficiencies affect individuals of all ages.

Race and ethnicity also played a role in vitamin D levels and dental caries. Consistent with prior
studies, Non-Hispanic Black participants had the highest rates of severe VDD, reflecting
reduced efficiency in synthesizing vitamin D due to darker skin pigmentation [41]. Non-
Hispanic Black and Mexican American groups showed a higher prevalence of untreated caries
compared to Non-Hispanic White participants, possibly due to barriers such as limited access
to preventive education and resources [44, 45]. Conversely, Non-Hispanic White participants
demonstrated higher DMFT scores, likely reflecting greater access to restorative dental care
[45]. These findings emphasize the need to address disparities in dental health care access and
education.

Socioeconomic status (SES) emerged as a significant determinant of both vitamin D levels and
dental health outcomes. Participants from lower-income backgrounds exhibited higher rates of
untreated caries and severe VDD, consistent with prior research indicating a threefold higher
prevalence of untreated caries among individuals living below the poverty line [46, 47]. Limited
access to dental care and insufficient vitamin D intake are common among lower-income
populations [50-52], reinforcing the importance of addressing financial and logistical barriers
to improve oral health outcomes.

Parental education was another key factor influencing dental health. Individuals with parents
who had lower educational attainment exhibited higher DMFT scores and rates of untreated
dental caries. Conversely, higher parental education levels were associated with improved
vitamin D levels and lower caries prevalence, as better-educated families are more likely to
prioritize dental hygiene and seek preventive care [53, 54, 56]. These findings highlight the
critical need for targeted education and intervention programs aimed at families with lower SES
and educational backgrounds.

A patient-centered approach is vital for addressing these disparities. Dental professionals
should assess patients holistically, considering factors such as SES, education, and nutritional
status. Providing tailored advice, including strategies for improving vitamin D levels through
diet and supplementation, may help mitigate the risk of dental caries in at-risk populations.

5. Conclusions

This study demonstrates a significant relationship between vitamin D levels and dental caries,
with lower levels contributing to higher rates of untreated caries and elevated DMFT scores.
These associations persist after adjusting for sociodemographic variables, underscoring the
critical role of vitamin D in dental health. Proactive measures to maintain adequate vitamin D
levels, such as dietary modifications and supplementation, could serve as effective strategies
for reducing caries prevalence. Addressing disparities in education and socioeconomic status is
essential for achieving equitable oral health outcomes. Future research should expand on these
findings by exploring additional risk factors and evaluating interventions aimed at improving
dental health.

References

1.Institute of Medicine of the National Academies. Committee to Review Dietary Reference
Intakes for Vitamin D and Calcium . In: DRI Dietary Reference Intakes Calcium Vitamin



16 Metall. Mater. Eng. Vol 31 (1) 2025 p. 9-19

D. Ross A.C., Taylor C.L., Yaktine A.L., Del Valle H.B., editors. National Academies
Press; Washington, DC, USA: 2011. [(accessed on 10 June 2023)]. Available online:
https://nap.nationalacademies.org/read/13050/chapter/1.

2.Holick M.F. Resurrection of vitamin D deficiency and rickets. J. Clin. Investig.
2006;116:2062—2072. doi: 10.1172/JC129449.

3.Khazai N., Judd S.E., Tangpricha V. Calcium and vitamin D: Skeletal and extraskeletal
health. Curr. Rheumatol. Rep. 2008;10:110-117. doi: 10.1007/s11926-008-0020-y.

4.National Institute of Dental and Craniofacial Research Dental Caries (Tooth Decay)
[(accessed on 18 April 2024)]; Available online:
https://www.nidcr.nih.gov/research/data-statistics/dental-caries#.

5.Selwitz R.H., Ismail A.l, Pitts N.B. Dental caries. Lancet. 2007;369:51-59. doi:
10.1016/S0140-6736(07)60031-2.

6.Sabbah W., Tsakos G., Sheiham A., Watt R.G. The role of health-related behaviors in the
socioeconomic disparities in oral health. Soc. Sci. Med. 2009;68:298-303. doi:
10.1016/j.socscimed.2008.10.030.

7.Miller F.Y., Campus G., Giuliana G., Piscopo M.R., Pizzo G. Topical fluoride for preventing
dental caries in children and adolescents. Curr. Pharm. Des. 2012;18:5532-5541. doi:
10.2174/138161212803307464.

8.Thompson F.E., McNeel T.S., Dowling E.C., Midthune D., Morrissette M., Zeruto C.A.
Interrelationships of added sugars intake, socioeconomic status, and race/ethnicity in
adults in the United States: National Health Interview Survey 2005. J. Am. Diet. Assoc.
2009;109:1376-1383. doi: 10.1016/j.jada.2009.05.002.

9.Louzada M.L., Martins A.P., Canella D.S., Baraldi L.G., Levy R.B., Claro R.M., Moubarac
J.C., Cannon G., Monteiro C.A. Impact of ultra-processed foods on micronutrient content
in the Brazilian diet. Rev. Saude Publica. 2015;49:45. doi: 10.1590/S0034-
8910.2015049006211.

10.Arshad S., Rehman T., Saif S., Rajoka M.S.R., Ranjha M.M.A.N., Hassoun A., Cropotova
J., Trif M., Younas A., Aadil R.M. Replacement of refined sugar by natural sweeteners:
Focus on  potential  health  benefits.  Heliyon.  2022;8:¢10711.  doi:
10.1016/j.heliyon.2022.e10711.

11.Krzysciak W., Jurczak A., Koscielniak D., Bystrowska B., Skalniak A. The virulence of
Streptococcus mutans and the ability to form biofilms. Eur. J. Clin. Microbiol. Infect. Dis.
2014;33:499-515. doi: 10.1007/s10096-013-1993-7.

12.Paes Leme A.F., Koo H., Bellato C.M., Bedi G., Cury J.A. The role of sucrose in cariogenic
dental biofilm formation—New insight. J. Dent. Res. 2006;85:878-887. doi:
10.1177/154405910608501002.

13.Butera A., Maiorani C., Morandini A., Simonini M., Morittu S., Trombini J., Scribante A.
Evaluation of Children Caries Risk Factors: A Narrative Review of Nutritional Aspects,
Oral Hygiene Habits, and Bacterial Alterations. Children. 2022;9:262. doi:
10.3390/children9020262.

14.0zbek C.D., Eser D., Bektas-Kayhan K., Unur M. Comparison of the tooth brushing habits
of primary school age children and their parents. J. Istanb. Univ. Fac. Dent. 2015;49:33—
40. doi: 10.17096/jiufd.19356.

15.Fellows J.L., Atchison K.A., Chaffin J., Chavez E.M., Tinanoff N. Oral Health in America:
Implications for dental practice. J. Am. Dent. Assoc. 2022;153:601-609. doi:
10.1016/j.adaj.2022.04.002.

16.Zhou F., Zhou Y., Shi J. The association between serum 25-hydroxyvitamin D levels and
dental caries in US adults. Oral. Dis. 2020;26:1537-1547. doi: 10.1111/0di.13360.

17.Li Z., Wei X., Shao Z., Liu H., Bai S. Correlation between vitamin D levels in serum and
the risk of dental caries in children: A systematic review and meta-analysis. BMC Oral
Health. 2023;23:768. doi: 10.1186/s12903-023-03422-z.



Moamen Abdelfadil Ismail et al. Analysis of the Relationship....... 17

18.Hujoel P.P. Vitamin D and dental caries in controlled clinical trials: Systematic review and
meta-analysis. Nutr. Rev. 2013;71:88-97. doi: 10.1111/j.1753-4887.2012.00544.x.

19.0lczak-Kowalczyk D., Kaczmarek U., Gozdowski D., Turska-Szybka A. Association of
parental-reported vitamin D supplementation with dental caries of 3-year-old children in
Poland: A cross-sectional study. Clin. Oral. Investig. 2021;25:6147-6158. doi:
10.1007/s00784-021-03914-8.

20.Singleton R., Day G., Thomas T., Schroth R., Klejka J., Lenaker D., Berner J. Association
of Maternal Vitamin D Deficiency with Early Childhood Caries. J. Dent. Res.
2019;98:549-555. doi: 10.1177/0022034519834518.

21.Botelho J., Machado V., Proenca L., Delgado A.S., Mendes J.J. Vitamin D Deficiency and
Oral Health: A Comprehensive Review. Nutrients. 2020;12:1471. doi:
10.3390/nu12051471.

22.Schroth R.J., Jeal N.S., Kliewer E., Sellers E.A. The relationship between vitamin D and
severe early childhood caries: A pilot study. Int. J. Vitam. Nutr. Res. 2012;82:53-62. doi:
10.1024/0300-9831/a000094.

23.Chhonkar A., Gupta A., Arya V. Comparison of Vitamin D Level of Children with Severe
Early Childhood Caries and Children with No Caries. Int. J. Clin. Pediatr. Dent.
2018;11:199-204. doi: 10.5005/jp-journals-10005-1511.

24.Al-Jubori S.H., Al-Murad M.A., Al-Mashhadane F.A. Effect of Oral Vitamin D3 on Dental
Caries: An In-Vivo and In-Vitro Study. Cureus. 2022;14:¢25360. doi:
10.7759/cureus.25360.

25.Tanaka K., Ao M., Tamaru J., Kuwabara A. Vitamin D insufficiency and disease risk in the
elderly. J. Clin. Biochem. Nutr. 2024;74:9-16. doi: 10.3164/jcbn.23-59.

26.Kim 1.J., Lee H.S., Ju H.J., Na J.Y., Oh H.W. A cross-sectional study on the association
between vitamin D levels and caries in the permanent dentition of Korean children. BMC
Oral. Health. 2018;18:43. doi: 10.1186/s12903-018-0505-7.

27.Center for Disease Control and Prevention NHANES Response Rates and Population Totals.
[(accessed on 25 July 2023)]; Available online:
https://wwwn.cdc.gov/nchs/nhanes/responserates.aspx#population-totals.

28.Center for Disease Control and Prevention National Health and Nutritional Examination
Survey. [(accessed on 25 July 2023)]; Available online:
https://www.cdc.gov/nchs/nhanes/

29.Center for Disease Control and Prevention National Health and Nutrition Examination
Survey: Oral Health Examiners Manual. [(accessed on 25 July 2023)]; Available online:
https://wwwn.cdc.gov/nchs/data/nhanes/2019-2020/manuals/2020-Oral-Health-
Examiners-Manual-508.pdf.

30.Center for Disease Control and Prevention Laboratory Procedure Manual: 25-
Hydroxyvitamin D3, C3-epimer-25Hydroxyvitamin D3, and 25-Hydroxyvitamin D2.
[(accessed on 25 July 2023)]; Available online:
https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/labmethods/VID-1-MET-508.pdf.

31.Ross A.C., Manson J.E., Abrams S.A., Aloia J.F., Brannon P.M., Clinton S.K., Durazo-
Arvizu R.A., Gallagher J.C., Gallo R.L., Jones G., et al. The 2011 report on dietary
reference intakes for calcium and vitamin D from the Institute of Medicine: What
clinicians need to know. J. Clin. Endocrinol. Metab. 2011;96:53-58. doi:
10.1210/jc.2010-2704.

32.Holick M.F., Binkley N.C., Bischoff-Ferrari H.A., Gordon C.M., Hanley D.A., Heaney R.P.,
Murad M.H., Weaver C.M., Society E. Evaluation, treatment, and prevention of vitamin
D deficiency: An Endocrine Society clinical practice guideline. J. Clin. Endocrinol.
Metab. 2011;96:1911-1930. doi: 10.1210/jc.2011-0385.

33.Bouillon R. Comparative analysis of nutritional guidelines for vitamin D. Nat. Rev.
Endocrinol. 2017;13:466-479. doi: 10.1038/nrendo.2017.31.



18 Metall. Mater. Eng. Vol 31 (1) 2025 p. 9-19

34.Cui A., Xiao P.,, Ma Y., Fan Z., Zhou F., Zheng J., Zhang L. Prevalence, trend, and predictor
analyses of vitamin D deficiency in the US population, 2001-2018. Front. Nutr.
2022;9:965376. doi: 10.3389/fnut.2022.965376.

35.Loucks E.B., Rehkopf D.H., Thurston R.C., Kawachi I. Socioeconomic disparities in
metabolic syndrome differ by gender: Evidence from NHANES IIl. Ann. Epidemiol.
2007;17:19-26. doi: 10.1016/j.annepidem.2006.07.002.

36.Gangrade N., Figueroa J., Leak T.M. Socioeconomic disparities in foods/beverages and
nutrients consumed by U.S. adolescents when snacking: National health and nutrition
examination survey 2005-2018. Nutrients. 2021;13:2530. doi: 10.3390/nu13082530.

37.0gden C.L., Carroll M.D., Fakhouri T.H., Hales C.M., Fryar C.D., Li X., Freedman D.S.
Prevalence of obesity among youths by household income and education level of head of
household-United States 2011-2014. MMWR Morb. Mortal. Wkly. Rep. 2018;67:186—
189. doi: 10.15585/mmwr.mm6706a3.

38.Ahluwalia N., Dwyer J., Terry A., Moshfegh A., Johnson C. Update on NHANES Dietary
Data: Focus on Collection, Release, Analytical Considerations, and Uses to Inform Public
Policy. Adv. Nutr. 2016;7:121-134. doi: 10.3945/an.115.009258.

39.USDA Food Patterns Equivalents Database. [(accessed on 25 October 2023)]; Available
online: https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-
nutrition-research-center/food-surveys-research-group/docs/fped-overview/

40.Bowman S.A. Added sugars: Definition and estimation in the USDA Food Patterns
Equivalents Databases. J. Food Compos. Anal. 2017;64:64-67. doi:
10.1016/j.jfca.2017.07.013.

41.National Health and Nutrition Examination Survey. Anthropometry Procedures Manual.
Centers for Disease Control and Prevention. [(accessed on 25 October 2023)]; Available
online: https://wwwn.cdc.gov/nchs/data/nhanes/2021-2023/manuals/2021-
Anthropometry-Procedures-Manual-508.pdf.

42.Rigo L., Bidinotto A.B., Hugo F.N., Neves M., Hilgert J.B. Untreated caries and serum
vitamin D levels in children and youth of the United States: NHANES 2013-2014. Braz.
Dent. J. 2023;34:99-106. doi: 10.1590/0103-6440202305123.

43.Centers for Disease Control and Prevention Prevalence of Total and Untreated Dental Caries
among Youth: United States, 2015-2016. [(accessed on 25 October 2023)]; Available
online: https://www.cdc.gov/nchs/products/databriefs/db307.htm.

44 Hoeft K.S., Barker J.C., Masterson E.E. Urban Mexican-American mothers’ beliefs about
caries etiology in children. Community Dent. Oral. Epidemiol. 2010;38:244-255. doi:
10.1111/j.1600-0528.2009.00528.x.

45 Assari S., Hani N. Household Income and Children’s Unmet Dental Care Need; Blacks’
Diminished Return. Dent. J. 2018;6:17. doi: 10.3390/dj6020017.

46.Dye B.A,, Li X., Beltran-Aguilar E.D. Selected Oral Health Indicators in the United States,
2005-2008. [(accessed on 21 May 2024)];NCHS Data Brief. 2012 :1-8. Available online:
https://www.cdc.gov/nchs/data/databriefs/db96.pdf.

47.Bashir N.Z. Update on the prevalence of untreated caries in the US adult population, 2017—
2020. J. Am. Dent. Assoc. 2022;153:300-308. doi: 10.1016/j.adaj.2021.09.004.

48 Warreth A. Dental Caries and Its Management. Int. J. Dent. 2023;2023:9365845. doi:
10.1155/2023/9365845.

49.Vasireddy D., Sathiyakumar T., Mondal S., Sur S. Socioeconomic Factors Associated with
the Risk and Prevalence of Dental Caries and Dental Treatment Trends in Children: A
Cross-Sectional Analysis of National Survey of Children’s Health (NSCH) Data, 2016—
2019. Cureus. 2021;13:€19184. doi: 10.7759/cureus.19184.

50.Moore C.E., Radcliffe J.D., Liu Y. Vitamin D intakes of children differ by race/ethnicity,
sex, age, and income in the United States, 2007 to 2010. Nutr. Res. 2014;34:499-506.
doi: 10.1016/j.nutres.2014.06.002.



Moamen Abdelfadil Ismail et al. Analysis of the Relationship....... 19

51.Wallace T.C., Reider C., Fulgoni V.L. Calcium and vitamin D disparities are related to
gender, age, race, household income level, and weight classification but not vegetarian
status in the United States: Analysis of the NHANES 2001-2008 data set. J. Am. Coll.
Nutr. 2013;32:321-330. doi: 10.1080/07315724.2013.839905.

52.Marshall K., Teo L., Shanahan C., Legette L., Mitmesser S.H. Inadequate calcium and
vitamin D intake and osteoporosis risk in older Americans living in poverty with food
insecurities. PLoS ONE. 2020;15:e0235042. doi: 10.1371/journal.pone.0235042.

53.Liu H.Y., Chen C.C., Hu W.C., Tang R., Chen C., Tsai C., Huang S. The impact of dietary
and tooth-brushing habits to dental caries of special school children with disability. Res.
Dev. Disabil. 2010;31:1160-1169. doi: 10.1016/j.ridd.2010.08.005.

54.Saldunaité K., Bendoraitiené E.A., SlabSinskiené E., Vasiliauskiené I., Andruskeviciené V.,
Zibien¢ J. The role of parental education and socioeconomic status in dental caries
prevention among Lithuanian children. Medicina. 2014;50:156-161. doi:
10.1016/j.medici.2014.07.003.

55.1slam M.Z., Lamberg-Allardt C., Karkkainen M., Outila T., Salamatullah Q., Shamim A.A.
Vitamin D deficiency: A concern in premenopausal Bangladeshi women of two socio-
economic groups in rural and urban region. Eur. J. Clin. Nutr. 2002;56:51-56. doi:
10.1038/sj.ejcn.1601284.

56.Liu Y., Li X., Zhao A., Zheng W., Guo M., Xue Y., Wang P., Zhang Y. High Prevalence of
Insufficient Vitamin D Intake and Serum 25-Hydroxyvitamin D in Chinese School-Age
Children: A Cross-Sectional Study. Nutrients. 2018;10:822. doi: 10.3390/nu10070822.

57.Scribante A., Pascadopoli M., Bergomi P., Licari A., Marseglia G.L., Bizzi F.M., Butera A.
Evaluation of two different remineralising toothpastes in children with drug-controlled
asthma and allergic rhinitis: A randomised clinical trial. Eur. J. Paediatr. Dent. 2024;25:1.
doi: 10.23804/ejpd.2024.2130.





