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Abstract: Background: Vitamin D (VD) has immunomodulatory and anti-inflammatory effects that may influence the health
of gingiva. Current pediatric evidence, however, remains limited, particularly in South Asia where deficiency is common.

Objective: To examine the association between serum vitamin D status and gingival inflammation, measured by bleeding on
probing percentage (BOP%), among school-aged children in Lahore, Pakistan.

Materials and Methods: This comparative cross-sectional study was conducted from 1% Feb 2023 to April 30" 2024, after
approval from the ERB of the University of Lahore (REC-UOL-/577/11/23), dated: 27" January 2023. Two hundred children
aged 8 to 16 years were recruited using consecutive sampling and grouped by serum 25-hydroxyvitamin D [25(OH)D] as suffi-
cient (30—100 ng/mL; n=100) or deficient (<30 ng/mL; n=100). BOP was recorded using a WHO probe at six sites per tooth for
erupted permanent teeth; the primary outcome was BOP%. Group differences were evaluated using an independent samples
t-test. A univariate general linear model assessed whether the association persisted after adjusting for covariates.

Results: BOP% was significantly lower in the VD sufficient group (22.25£1.16) than the deficient group (24.96+£1.16), with a
mean difference of -2.71 percentage points (95% CI: -3.03 to -2.38; p<0.001). In the adjusted model, VD status showed a strong
association with BOP% (F=251.12, p<0.001; partial n*=0.567; adjusted R*=0.569).

Conclusion: VD deficiency was independently associated with increased gingival bleeding in school-aged children, suggesting
VD status contributes to early gingival inflammatory burden in this population.
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INTRODUCTION associated with a rise in serum 25-hydroxyVD concen-

L ) L trations of about 1 ng/mL [3].
Vitamin D (VD) is a fat-soluble vitamin that, through

metabolic activation, forms a biologically active hor-
mone involved in calcium and phosphate homeostasis
along with skeletal development [1]. Beyond its role in
bone metabolism, VD also influences immune regulation
and inflammatory responses through the VD receptor, a
nuclear transcription factor in multiple tissues [2]. The
majority of VD is synthesized endogenously following
exposure to ultraviolet radiation, whereas dietary intake
contributes a smaller proportion. Previous literature sug-
gests that an increase of 100 IU of daily VD intake is
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VD deficiency is a global public health issue, especially
in children and adolescents [4]. Population-based studies
from high-income countries reported varied prevalence
based on age, season, and diagnostic thresholds; however,
significantly higher deficiencies have been documented
in South Asian countries [5-7]. Previous South Asian
studies reported that VD deficiency is widespread across
pediatric and adolescent populations, ranging from mod-
erate to severe deficiency levels, based on region, age,
and season of assessment, indicating VD deficiency as a
common nutritional concern [8, 9].
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Although VD’s role in periodontal health is still being
investigated, the existing studies report that VD defi-
ciency may lead to periodontal issues, especially with
compromised bone health [10]. VD has an important
role in bone metabolism, calcium homeostasis, and
inflammatory responses as it suppresses pro-inflamma-
tory cytokines and synthesis of antimicrobial peptides
in monocytes and macrophages leading to host defense
[11, 12]. Therefore, lower VD levels may lead to infec-
tions including periodontal infections [10]. Data from
the NHANES-III reported that intake of low dietary cal-
cium, reflective of suboptimal VD levels, was linked to
advanced periodontitis [13].

A previous study has reported that there is an inverse
association between serum VD levels and attachment loss
of periodontal ligament fibers among adults 50 years and
above, and reported that lower VD levels were linked
to higher BOP, suggesting that VD’s anti-inflammatory
properties may play a role in reducing gingivitis [14].
Similarly, individuals receiving more than 400 IU/day
of VD along with over 1000 mg/day of calcium for at
least 18 months have reported significant improvements
in periodontal health [15].

Periodontal health is shaped both by oral biofilm and the
host inflammatory response and can be assessed objec-
tively using BOP. Low VD levels can increase suscepti-
bility to gingivitis [10].

The study aimed to examine the association between
serum VD and Gingival Inflammation, using BOP scores
of children aged 8-16 years old in Lahore, Pakistan.
The objectives were to compare gingival inflammation
between children with sufficient versus deficient serum
VD levels, and to understand the association between
BOP% and serum VD.

MATERIALS AND METHODS

This comparative cross-sectional study was done to
compare BOP% between children with VD sufficiency
and deficiency. The study was conducted from 1% Feb
2023 to April 30" 2024 at The University of Lahore,
Pakistan. Ethical approval was obtained from the Institu-
tional Review Board, (Ref. No. REC-UOL-/577/11/23),
dated: 27" January 2023. Written informed consent was
obtained from all parents/guardians.

The sample size of 200 participants was calculated using
an effect size 0f 0.42, a significance level (o) of 0.05, and
a statistical power of 0.84, 100 participants were taken
from each group [7].
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Children aged 8 to 16 years old were recruited using con-
secutive sampling technique from University Dental Hos-
pital, The University of Lahore. Focus on this age range
was done due to the fact that the presentation of gingivitis
in this age group is common, reversible and responds
to early intervention. Participants were screened for
and excluded based on history of any chronic systemic
diseases affecting immunity or bone metabolism, acute
infection at the time of examination, VD supplementa-
tion, recent antibiotic use and periodontal treatment, and
those who refused to be the part of the study.

Venous blood was collected by trained staff using stan-
dard aseptic technique. Serum VD was assessed by mea-
suring concentration of 25-hydroxyVD (25[OH]D). VD
deficiency was defined as <30 ng/mL, and sufficiency as
30-100 ng/mL.

Participants were categorised into Group A (sufficient),
i.e., 30-100 ng/mL, and Group B (deficient), i.e., <30 ng/
mL. Oral examinations were performed by calibrated
examiners. BOP was recorded using a WHO probe with
gentle probing at six sites per tooth for all erupted perma-
nent teeth. Bleeding was scored as present if bleeding
occurred within 10 to 15 seconds of probing. The primary
outcome, percentage BOP sites (BOP%), was calculated
as:

number of bleeding sites

BOP% = x 100

total sites examined

Gingivitis is plaque-mediated; however, plaque index
was not recorded in this study. Adjustments were made
for available oral health behaviors, including brushing
frequency, dental visits and sociodemographic factors,
but residual confounding by plaque accumulation and
related behaviors may remain.

STATISTICAL ANALYSIS

Data was analyzed using IBM Statistical Package for
Social Sciences (SPSS), Version 24 (IBM Corp), and
was summarized using descriptive statistics. Indepen-
dent-samples t-test was used to compare BOP between
VD sufficient vs deficient groups, whereas homoge-
neity of variance was assessed using Levene’s test. To
determine whether the link between VD and BOP, after
accounting for potential confounders, a univariate general
linear model (GLM) was fitted with BOP as the depen-
dent variable and VD level as the main factor, adjusting
for parental education, residence, family type, dental visit
frequency, and daily brushing habits. A p-value <0.05
was considered statistically significant.
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RESULTS

A total of 200 children were included in the study, with
100 participants in each group. Group A comprised chil-
dren with sufficient serum VD levels, while Group B
included children with deficient VD levels. The baseline/
demographic characteristics were comparable between
children with sufficient and deficient VD levels (Table
1). The only significant difference was observed in mater-
nal education (p=0.038), indicating children in the lower
VD level group were more likely to have mothers with
a lower education level. This was thus included in the
adjusted model, due to its role as a potential confounder.

Mean BOP% significantly differed between the two
groups (Table 2). Children in the VD sufficient group had
a significantly lower mean BOP% compared to children
in the VD deficient group (t=—16.49, df=198, p<0.001).
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To evaluate whether the difference in BOP% persisted
after accounting for confounders, a univariate GLM was
applied with BOP% as the dependent variable and VD
level as the primary factor, adjusting for parental educa-
tion, residence, family type, dental visit frequency, and
brushing habits (Table 3).

The overall model was statistically significant (F=38.53,
p<0.001) with around 56.9% of the variance in BOP%
(adjusted R?=0.569). After adjustment, VD level was
an independent predictor of BOP%, with children in the
VD-deficient group showing higher BOP% (F=251.12,
p<0.001). The magnitude of this association was large
(partial 1?=0.567), indicating that VD levels were signifi-
cantly related to variation in BOP. Because exposure and
outcome were measured simultaneously, these adjusted
findings represent independent associations rather than
causal effects.

Table 1. Baseline Characteristics of Participants by Vitamin D Status.

Characteristic | Vitamin D sufficient (Group A, n =100) n | Vitamin D deficient (Group B, n =100) n | p
Gender (n)
Male 61 53
0.25
Female 39 47
Daily Brushing (n)
None 1 2
Once daily 58 62 0.67
Twice daily 41 36
Father’s Education (n)
Iliterate 8 16
Intermediate 41 31
- 0.177
Graduation 42 47
Post-graduation 9 6
Mother’s Education (n)
Iliterate 5 9
Intermediate 36 46
- 0.038
Graduation 43 24
Post-graduation 16 21
Residence
Urban 73 82
0.128
Rural 27 18
Type of Family
Nuclear 34 44
0.147
Extended 66 56
Yearly Dental Visit Frequency
Only in case of pain 76 74
1-2 times 19 21 0.939
More than 2 times 5 5

p-values were calculated using Pearson’s chi-square test; Fisher’s exact test was used when expected cell counts were <5.
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Table 2. Comparison of Bleeding on Probing (%) by Vitamin D Status.

Vitamin D Sufficient (Group A, n =100) | Vitamin D Deficient (Group B, n =100) | Mean Difference (95% CI) p
22.25+1.16 24.96+1.16 —2.71 (=3.03 to —2.38) <0.001
Table 3. Multivariable Analysis of Factors Associated with Bleeding on Probing Percentage.
Variable F p Partial n?
Vitamin D status 251.12 <0.001 0.567
Father’s education 0.03 0.860 <0.001
Mother’s education 1.96 0.164 0.010
Residence (urban/rural) 0.18 0.672 0.001
Type of family 0.14 0.713 0.001
Dental visit frequency 0.28 0.597 0.001
Daily brushing habit 0.20 0.655 0.001

Multivariable univariate general linear model (GLM) with BOP% as the depend

ent variable. Model was adjusted for parental education, residence, family type,

dental visit frequency, and daily brushing habits. Partial eta squared (n?) represents effect size.

DISCUSSION

This study reported a significant link between VD defi-
ciency and gingivitis, as indicated by higher BOP among
school-aged children. Recent studies have found a link
between VD and oral inflammatory conditions. A review
reported that lower serum VD is linked to poor periodon-
tal and gingival health across diverse populations [16].
The study also indicates that VD influences early gingi-
vitis, aligning with the objectives and outcomes of this
study.

Evidence using a large population dataset (NHANES)
has shown a direct negative relation of serum VD con-
centrations with poor periodontal outcomes, including
bleeding and inflammation indicators, after adjustment
for key covariates and behaviors [17]. Maternal educa-
tion differed significantly at baseline in the present study,
and it stands to reason that it influences both nutritional
status and oral health behaviors. Therefore, it was con-
sidered a potential confounder; however, the association
between vitamin D status and BOP% remained strong
after adjustment. This association is particularly relevant
in South Asian populations as VD deficiency is prevalent
across South Asia, presenting it as a common contributor
to the population burden of gingival inflammation [18].

In the pediatric and adolescent populations, studies link-
ing VD to periodontal outcomes remain limited as most
available data is derived from adult studies [19]. This
study contributes novel evidence of the pediatric popula-
tion by demonstrating a clinically meaningful difference
in bleeding on probing between sufficient and deficient
children.

The association in this study is biologically plausible
given VD’s established immunomodulatory effects
and its ability to suppress the excessive production of
pro-inflammatory cytokines, thus enhancing innate
immune defenses. This includes antimicrobial peptide
expression in oral epithelium tissues [20]. In the gingiva,
this balance allows for control of microbial biofilm-in-
duced inflammation and lowering the incidence of tissue
damage. VD has an influence on vascular permeability
and endothelial stability, which may directly affect gin-
gival bleeding responses during probing. Deficiency may
therefore amplify clinical signs of inflammation even in
the absence of advanced periodontal breakdown, com-
monly observed in pediatric gingivitis [21, 22].

These findings have important implications in low- and
middle-income settings such as Pakistan, where VD defi-
ciency is high among children [23]. Gingival bleeding
is often considered a minor or transient finding; how-
ever, if this inflammation persists through childhood and
adolescence it may increase susceptibility to periodontal
disease later in life [24, 25]. Addressing VD deficiency
through nutritional intervention programs and public
health strategies may allow a complementary approach
to conventional oral hygiene-based prevention programs
to tackle Gingival and Periodontal Disease.

LIMITATIONS

There are certain limitations to this study as participants
were recruited using consecutive sampling from a single
hospital-based setting, which may introduce selection
bias and limit generalizability to all school-aged children
in Lahore or Pakistan.
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The cross-sectional design prevents establishing causal-
ity; therefore, the observed association between vitamin
D status and BOP% should not be interpreted as causal.

Gingivitis is plaque-mediated, yet a plaque index was
not recorded, and residual confounding related to plaque
accumulation and oral hygiene technique may remain.

Serum vitamin D was measured at one time point, which
may not reflect longer-term vitamin D status and may
vary with season, sun exposure, and recent diet.

Several potential confounders were not captured, includ-
ing sunlight exposure, dietary vitamin D and calcium
intake, body mass index, socioeconomic indicators
beyond those recorded, Pubertal status and use of sup-
plements outside the exclusion window.

BOP% is a standardized clinical indicator but can be
influenced by examiner technique and probing force;
thus measurement variability cannot be fully excluded.

Exact age in years was not recorded or used in analysis.
Thus, age-based differences between groups or analysis
adjusting for age as a potential confounder were not done.

FUTURE RECOMMENDATIONS

Future studies should use prospective cohort designs
to clarify the overtime relationship between vitamin D
status and gingival inflammation in children and adoles-
cents. Randomized controlled trials evaluating vitamin
D supplementation with standardized dosing, adherence
monitoring and follow-up are recommended to determine
whether improving vitamin D status leads to meaningful
reductions in BOP%. Future work should also include a
standardized plaque measure such as plaque index and
record additional determinants such as sun exposure,
dietary vitamin D and calcium intake. Seasonal variation
should also be accounted for by recording the season of
blood sampling or sampling across seasons. Multi-center
studies across different socioeconomically diverse arecas
of Pakistan are recommended to improve generalizabil-

1ty.
CONCLUSION

The children with VD deficiency showed significantly
higher gingival bleeding, reflected by increased BOP,
as compared with VD-sufficient children, and this asso-
ciation was significant after adjustment for sociodemo-
graphic factors and oral health behaviors. These findings
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do not establish causality and should be confirmed in
longitudinal or interventional studies. Future studies
should also include a standardized plaque measure and
test whether VD remains associated with BOP after
plaque adjustment. Optimising VD levels may be a rele-
vant strategy alongside routine oral hygiene measures in
reducing early gingival inflammation in children.

AUTHORS’ CONTRIBUTIONS

Arooj ul Hassan and Asif Hanif: Conceptualization,
study design, methodology, data analysis and interpreta-
tion, and drafting the manuscript.

Muhammad Hassan: Study design, methodology, data
analysis and interpretation, drafting the manuscript, and
critical review and revision of the manuscript.

Obaid Bajwa: Conceptualization, methodology, data
analysis and interpretation, critical review and revision
of the manuscript, and final approval of the version to be
published.

Muhammad Zaeem Ihsan: Study design, methodology,
data analysis and interpretation, and drafting the manu-
script.

All authors approved the final version of the manuscript
and agree to be accountable for all aspects of the work,
including ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately
investigated and resolved.

ACKNOWLEDGEMENTS

Declared none.
ETHICAL DECLARATIONS

Data Availability

The datasets used and/or analysed during the current
study are available from the corresponding author on
reasonable request, subject to applicable ethical, privacy,
and institutional requirements.

Ethical Approval

The study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki, as revised
in 2024, and was approved by the Institutional Review
Board of The University of Lahore (Ref. No. REC-
UOL-/577/11/23; dated 27" January 2023).



192  National Journal of Health Sciences, 2026, Vol. 11, No. 3

Consent to Participate

Written informed consent was obtained from the par-
ents or legally authorized guardians of all participating
children before enrollment in the study. Age-appropriate
assent was also obtained from the children, where appli-
cable.

Consent for Publication

Written informed consent for publication was obtained
from the parents or legally authorized guardians of partic-
ipants whose individual information or other potentially
identifiable material is included in this article, where
applicable.

Declaration of Competing Interest

The authors declare that they have no known financial or
non-financial competing interests that could have influ-
enced the work reported in this study.

Funding

No funding was received for this study.

Use of AI-Assisted Technology

The authors used ChatGPT (OpenAl) to assist with
rephrasing selected sections of the manuscript to improve
language and readability. The Al tool was not used for
data collection, data analysis, interpretation of results,
or generation of scientific conclusions. All Al-assisted
output was critically reviewed, edited, and verified by
the authors, who take full responsibility for the accuracy,
integrity, originality, and final content of the manuscript.

REFERENCES

[1]  Artusa P, White JH. Vitamin D and its analogs in immune system
regulation. Pharmacol Rev. 2025; 77(2): 100032. doi:10.1016/j.
pharmr.2024.100032.

[2] Corsello A, Spolidoro GCI, Milani GP, Agostoni C. Vitamin D
in pediatric age: current evidence, recommendations, and mis-
understandings. Front Med (Lausanne). 2023; 10: 1107855.
doi:10.3389/fmed.2023.1107855.

[3] Bacha DS, Rahme M, Al-Shaar L, Baddoura R, Halaby G, Singh
RJ, et al. Vitamin D3 dose requirement that raises 25-hydroxyvi-
tamin D to desirable level in overweight and obese elderly. J Clin
Endocrinol Metab. 2021; 106(9): e3644. doi:10.1210/clinem/
dgab296.

(4]

[10]

[11]

[12]

[13]

[15]

[16]

Hassan et al.

Huang C, Liu S, Cheng C, Chen S, Luo Q, Huang Y, et al. Vitamin
D deficiency and associated factors in children: A multicenter
study of 21,811 samples in Southern China. Int J Public Health
2025; 69: 1607411. doi:10.3389/ijph.2024.1607411.

JiP, LiZ, Qin W, She Y, Chen B. Vitamin D levels and its influ-
encing factors in children and adolescents in mainland China: A
systematic review and meta-analysis. BMJ Open 2025; 15(6):
€094693. doi:10.1136/bmjopen-2024-094693.

Arshad S, Zaidi SJA. Vitamin D levels among children, adoles-
cents, adults, and elders in Pakistani population: A cross-sec-
tional study. BMC Public Health 2022; 22(1): 2040. doi:10.1186/
$12889-022-14526-6.

Glatt DU, Mcsorley E, PourShahidi LK, Iniesta RR, McCluskey
J,Beggan L, et al. Vitamin D status and health outcomes in school
children in Northern Ireland: Year one results from the D-VinCHI
study. Nutrients 2022; 14(4): 804. doi:10.3390/nu14040804.

Oktaria V, Putri DAD, Thyauddin Z, Julia M, Sulistyoningrum
DC, Koon PB, et al. Vitamin D deficiency in South-East Asian
children: A systematic review. Arch Dis Child 2022; 107(11):
980-7. doi:10.1136/archdischild-2021-323765.

Jaffri SHZ. Bone health at stake: Alarming prevalence and pre-
dictors of vitamin D deficiency in Karachi children: Urgent need
for sun, food solutions. ] Women Child Health 2024; 1(1): 25-30.
doi:10.62807/jowach.v1i1.2023.25-30.

Jeffcoat MK. The association between osteoporosis and oral bone
loss. J Periodontol 2005; 76(Suppl 11): 2125-32. doi:10.1902/
jop.2005.76.11-S.2125.

Ao T, Kikuta J, Ishii M. The effects of vitamin D on immune
system and inflammatory diseases. Biomolecules 2021; 11(11):
1624. doi:10.3390/biom11111624.

Anand N, Chandrasekaran S, Rajput NS. Vitamin D and peri-
odontal health: Current concepts. J Indian Soc Periodontol 2013;
17(3): 302-8. d0i:10.4103/0972-124X.115645.

Nishida M, Grossi SG, Dunford RG, Ho AW, Trevisan M, Genco
RJ. Calcium and the risk for periodontal disease. J Periodontol
2000; 71(7): 1057-66. doi:10.1902/jop.2000.71.7.1057.

Dietrich T, Nunn M, Dawson-Hughes B, Bischoff-Ferrari HA.
Association between serum concentrations of 25-hydroxyvitamin
D and gingival inflammation. Am J Clin Nutr 2005; 82(3): 575-
80. doi:10.1093/ajcn.82.3.575.

Miley DD, Garcia MN, Hildebolt CF, Shannon WD, Couture RA,
Anderson Spearie CL, et al. Cross-sectional study of vitamin D
and calcium supplementation effects on chronic periodontitis. J
Periodontol 2009; 80(9): 1433-9. do0i:10.1902/jop.2009.090077.

Ziada S, Wishahe A, Mabrouk N, Sahtout S. Vitamin D deficiency
and oral health: A systematic review of literature. BMC Oral
Health 2025; 25(1): 468. doi:10.1186/312903-025-05883-w.



Association between Serum Vitamin D Status and Gingival Bleeding...

[17]

[18]

Zhou F, Ma N, Su R, He X, Wang X, Zhou Y, ef al. Serum
25-hydroxyvitamin D is negatively associated with severe peri-
odontitis: A cross-sectional study. BMC Oral Health 2021; 21(1):
479. doi:10.1186/s12903-021-01850-3.

Kim H, Shim MH, Yoon SJ, Kweon SS, Lee YH, Choi CK, et al.
Low serum 25-hydroxyvitamin D levels, tooth loss, and the prev-
alence of severe periodontitis in Koreans aged 50 years and older.
J Periodontal Implant Sci 2020; 50(6): 368-79. doi:10.5051/
jpis.2002540127.

Aranow C. Vitamin D and the immune system. J Investig Med
2011; 59(6): 881-6. doi:10.2310/JIM.0b013e31821b875.

Daryabor G, Gholijani N, Rezaei Kahmini F. A review of the criti-
cal role of vitamin D axis on the immune system. Exp Mol Pathol
2023; 132-133: 104866. doi:10.1016/j.yexmp.2023.104866.

P4l E, Ungvari Z, Benyo Z, Varbiro S. Role of vitamin D defi-
ciency in the pathogenesis of cardiovascular and cerebrovascular
diseases. Nutrients 2023; 15(2): 334. doi:10.3390/nu15020334.

[22]

[23]

National Journal of Health Sciences, 2026, Vol. 11, No. 3 193

Cetrelli L, Bletsa A, Lundestad A, Gil EG, Fischer J, Halbig J, et
al. Vitamin D, oral health, and disease characteristics in juvenile
idiopathic arthritis: A multicenter cross-sectional study. BMC
Oral Health 2022; 22(1): 333. doi:10.1186/s12903-022-02349-1.

Zahoor MA, Aslam I, Fatima S, Ali Z, Usman HM, Rasheed F.
Prevalence and risk factors of vitamin D deficiency in children
aged 6-12 years: A cross-sectional study. Allied Med Res J 2025;
3(1): 42-6. doi:10.59564/amrj/03.01/0009.

Elgasmi FE, Maghous K, Badre B. Gingivitis in children and
adolescents: Epidemiological overview and associated fac-
tors—A narrative review. Front Oral Health 2025; 6: 1675033.
doi:10.3389/froh.2025.1675033.

Olczak-Kowalczyk D, Turska-Szybka A, Studnicki M, Pieko-
szewska-Zigtek P. Gingivitis and its causes in children aged 3-7
years. Diagnostics (Basel). 2024; 14(23): 2690. doi:10.3390/
diagnostics14232690.

Received: February 21, 2026

©2026. The Authors, National Journal of Health Sciences.
This is an open access article distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which permits others to distribute, remix,

Revised: July 28,2026

Accepted: August 08, 2026

adapt, build upon this work non- commercially, and license their derivative works on different terms, provided the original work is properly cited, appropriate credit is given, any

changes made indicated, and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.



