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Abstract
Background—We previously reported in a cross-sectional study that patients who were in
periodontal maintenance programs and were taking vitamin D and calcium supplementation had a
trend for better periodontal health compared with patients not taking supplementation. The
objective of the present study was to determine, for the same group of subjects, whether there was
a difference in periodontal health over a one–year period.

Methods—Fifty-one patients enrolled in maintenance programs from two dental clinics were
recruited. Twenty-three were taking vitamin D (≥400 international units/day) and calcium
(≥1000mg/day) supplementation, and twenty-eight were not taking supplementation. All subjects
had ≥2 interproximal sites with ≥3 mm clinical attachment loss. For mandibular-posterior teeth,
these clinical parameters were recorded: gingival index, plaque index, probing depth, attachment
loss, bleeding upon probing, calculus index and furcation involvement. Photostimulable-phosphor,
posterior bitewing radiographs were taken to assess alveolar bone. Daily vitamin D and calcium
intakes were estimated by nutritional analysis. Data were collected at baseline, 6 months, and 12
months.

Results—Clinical parameters improved with time in both groups (p<0.01). When clinical
measures were considered collectively, the results were borderline significant at baseline
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(p=0.061), significant at 6 months (p=0.049) but not significant at 12 months (p=0.114). After
adjusting for covariates, the effect of supplements was significant at baseline (p=0.037), borderline
at 6 months (p=0.058) and not significant at 12 months (p=0.142)

Conclusion—Calcium and vitamin D supplementation has a modest positive effect on
periodontal health, and consistent dental care improves clinical parameters of periodontal disease
regardless of such supplements. Calcium and vitamin D supplementation has a modest positive
effect on periodontal health, and consistent dental care improves clinical parameters of periodontal
disease regardless of such supplements. Our findings raise the possibility that vitamin D, perhaps
at higher doses, may positively impact on periodontal disease severity.
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INTRODUCTION
Vitamin D and calcium are fundamental for bone mineralization and for the prevention of
osteoporosis. Vitamin D plays an important role in calcium homeostasis, promoting calcium
absorption in the intestine and stimulating osteoblasts to enable normal bone growth and
preservation. Severe vitamin D deficiency causes mineralization defects (osteomalacia), but
chronically low intake of vitamin D and calcium leads to negative calcium balance and bone
loss, and it is reasonable to expect this effect to occur in alveolar bone as it does in other
bones of the body. A number of epidemiological studies have reported a positive association
between low bone mass or osteoporosis and alveolar bone loss and tooth loss.1-9 This
suggests that low bone mass is a risk factor for the development and progression of
periodontal disease.4, 6

Besides its role in bone/calcium homeostasis, the biologically active form of vitamin D, 1α,
25-dihydroxyvitamin has been demonstrated to be a potent immunomodulator due to its
anti-inflammatory effect through inhibition of cytokine production by immune cells and
stimulation of monocytes/macrophages to secrete peptides with potent antibiotic
activity .9-14 In fact, the immunomodulatory effect of vitamin D has been linked to
modulation of bacterial-mediated infections, with low levels of vitamin D being associated
with an increased risk of infectious diseases.15 Vitamin D may, therefore, be beneficial for
the treatment of periodontal disease, an inflammatory condition involving bacteria and host
interactions, during which host-defense cells activated by bacterial release of inflammatory
mediators result in the destruction of supporting periodontal tissues, including connective
tissue and alveolar bone.16

The effects of vitamin D and calcium supplementation on periodontal disease have not been
completely clarified. Although a number of early studies suggested that vitamin D and
calcium supplementation reduced tooth loss and alveolar ridge resorption, most of these
studies included heterogeneous populations or did not directly measure periodontal disease
status.17-23 In other studies, it was reported that low calcium intake resulted in alveolar bone
loss in periodontal disease patients and that supplementation led to decreased inflammation,
reduction in pocket depth, tooth mobility, and decreased crestal alveolar bone loss.24-27

Other investigators were not, however, able to reproduce these results.28 Drawbacks of all
these studies are that information on methods and results are limited. More recently,
analyses of the Third National Health and Nutrition Examination Survey (NHANES III) that
included 12,000 adults revealed associations between periodontal health and the vitamin D
and calcium intakes of subjects.29, 30 This suggests that lower dietary intakes of vitamin D
and calcium result in poorer periodontal health in a dose-dependent fashion.
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Recent studies have identified a high prevalence of vitamin D and calcium insufficiency in
the general population for which the current recommended intakes are respectively 400-600
IU and 1000-1200 mg daily for those > than 50 years of age.31 It is estimated that one
billion people worldwide have vitamin D deficiency,32, 33 and in the NHANES III cohort the
majority of subjects had serum levels of 25(OH)D (the best indicator of vitamin D status) far
below 80 nmol/l,29 which many investigators consider to be a threshold for vitamin D
sufficiency.34 Although the vast majority of epidemiological studies have found beneficial
effects of vitamin D and calcium supplementation, the use of oral supplementation is low
and varies greatly.

We previously reported the results of a cross-sectional study designed to determine whether
subjects who were diagnosed with periodontal disease in periodontal maintenance programs
and were taking vitamin D and calcium supplements had better indices of periodontal health
relative to patients not taking such supplements. Despite relatively modest differences in
estimated vitamin D status, all clinical, periodontal parameters including attachment loss,
alveolar crest-height, probing depth, gingival index and furcation involvement were better in
subjects who took vitamin D and calcium oral supplementation relative to non-takers.35 The
objective of the present study was to determine, in the same study population, whether such
differences persisted after one year.

MATERIALS AND METHODS
Study Design

Our Health-Insurance-Portability-and-Accountability-Act compliant study was approved by
the Institutional Review Boards at Washington University School of Medicine, Southern
Illinois University School of Dental Medicine, and Saint Louis University Center for
Advanced Dental Education. This pilot, observational clinical trial was conducted with
subjects who were recruited from patients enrolled in the periodontal-disease maintenance
program at the Graduate Periodontics clinic at the Center for Advanced Dental Education of
Saint Louis University, and in the recall program at Southern Illinois University School of
Dental Medicine. Subjects had previously filled out institutional-review-board approved
questionnaires to determine their levels of oral supplementation.36 All subjects signed
informed-consent documents for participation in the study. Individuals were asked to bring
their bottles of oral supplementation to their baseline appointments and were asked how long
they had been taking oral supplements.

Inclusion and exclusion criteria
The enrollment goal was to have 23 subjects in each of two groups: one group in which
subjects had been taking vitamin D (≥400 international units/day) and calcium (≥1000 mg/
day) supplementation for more than 18 months (“takers”) and the other group in which
subjects had been taking neither vitamin D nor calcium supplementation and had dietary
intakes (see Nutrient Analysis) of calcium <1000 mg/day and of vitamin D < 400
international units/day (“non-takers”). Patients enrolled were postmenopausal women (≥ 5
years since last menstrual period) and men age 50 to 80. Furthermore, they had to have
moderate to severe chronic periodontal disease (≥ 2 interproximal sites with 3 mm or greater
clinical attachment loss)37 and a minimum of two mandibular and one maxillary posterior
teeth.

The following exclusion criteria were used: 1) periodontal surgery within the last year; 2)
scaling and root planing as part of initial periodontal therapy within the past six months; 3)
history of diabetes; 4) history of diseases, conditions or use of medications that might affect
bone and mineral metabolism and/or periodontal health; 5) treatment with fluorides for more
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than 2 weeks within 24 months of enrollment; 6) treatment with estrogen within the last 6
months; 7) treatment with biphosphonates in the past 12 months or lifetime exposure to
biphosphonates for more than 3 years; 8) body mass indexes (wt/ht2) < 18.5 or ≥ 33.9)
behavioral eating disorders; and 10) current treatment with antibiotics.

Nutrient analysis
Each subject's food intake was analyzed for vitamin D and calcium. This was done using a
semi quantitative food frequency questionnaire1 (FFQ, the Brief Block 2000, Block Dietary
Data Systems), which was originally based on the second NHANES-II data and revised
using NHANES-III food-intake data.38, 39 The food frequency questionnaires were analyzed
by Block Dietary Data Systems (Berkeley, CA). The results were interpreted by a registered
dietitian (CAS) at Washington University's General Clinical Research Center.

Clinical assessment
Plaque Index40, Gingival Index,40 Calculus Index41 probing depth, cementoenamel-
junction-gingival-margin distance (CEJ-GM, attachment loss), bleeding upon probing and
furcation involvement42 were recorded. A University of North Carolina (UNC) #15 probe2

as used for the measurements. Clinical measurements were taken at six sites (buccal, lingual,
mesiolingual, mesiobuccal, distolingual, distobuccal) for each mandibular posterior tooth.
All clinical data were entered into computerized forms at chairside, and measurements were
taken at baseline, 6 months and 1 year.

All probing depth and CEJ-GM measurements were made twice for each patient and the
average recorded for each site. If the two measurements at a site varied by more than 1 mm,
the measurement for that site was repeated until two consecutive identical measurements
were obtained.43 One masked examiner (NMG) performed all clinical procedures at both
institutions. She was calibrated for intra and inter-examiner error. The calibration protocol
involved measuring five representative subjects twice by the operator and the reference
standard examiner. The operator was considered calibrated for the gingival index once she
achieved at least 80% intra- and inter-examiner exact reproducibility plus 95% intra- and
inter-examiner reproducibility within ± 1 index unit. For clinical attachment loss and
probing depth, calibration was based on: 1) 85% and 90% intra-examiner reproducibility
within ± 1 mm respectively; 2) at least 95% intra-examiner reproducibility within ± 2 mm
for both parameters; and 3) at least 75% inter-examiner agreement for probing depth within
± 1 mm and at least 60% inter-examiner agreement for clinical attachment loss within ± 1
mm. For bleeding on probing, the examiner and the reference standard examiner observed
each other and discussed and evaluated the criteria for this variable.

Radiographic assessment
Photostimulable-phosphor bitewing radiographs of the mandibular posterior teeth were
taken at baseline, 6 months and at the end of one year. Details concerning radiographic
methods, measurements, and measurement precision are presented elsewhere.44-46 In brief,
subjects were rigidly attached to the x-ray tube by means of a vacuum coupling device and
custom cross-arch bite plates with occlusal registration. Custom software and NIH ImageJ47

were used for image registration and measurement. Cementoenamel-junction-alveolar-crest-
height (CEJ-AC) measurements were made at the mesial and distal of posterior teeth.
Measurements of change in alveolar crest height and x-ray absorbance (radiodensity) were
made from subtraction images.

1Brief Block 2000, Block Dietary Data Systems, Berkeley, CA, USA
2Hu-Friedy, Chicago Il, USA
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Periodontal treatment
Subjects received periodontal maintenance therapy at 3 month intervals. Treatment consisted
of scaling and root planing according to patient needs, polishing of all teeth, reinforcement
of oral hygiene procedures, and a general dental examination.

Study subjects
Fifty-one patients enrolled in the periodontal disease maintenance programs were recruited
between June 2007 and February 2008. Twenty-three subjects were included in the taker
group and 28 subjects in the non-taker group. Of all study subjects, 24 were enrolled at Saint
Louis University and 27 at Southern Illinois University. The enrollment goal was to have 23
subjects in each group, and that goal was achieved. After dietary analysis, it was determined
that five of the subjects in the non-taker group had dietary intakes of vitamin D and/or
calcium that exceeded the exclusion criteria for this group. Five additional subjects were,
therefore, enrolled in the non-taker group. Data on all 28 subjects in the non-taker group
were entered into analyses. Data were collected at baseline, at 6 months, and at the end of
one year. Only 2 subjects dropped out, one of whom was replaced. Table 1 contains
demographic data on age, gender, race, smoking history, and alcohol consumption for both
groups.

Statistical analyses
The normality assumption was checked graphically and logarithmic transformation was
performed when necessary. Plots of measurements at baseline, 6 months, and 12 months
were created and percentage differences between takes and non-takers determined. The
Student T test was used to compare the differences between takers and non-takers for all
clinical and radiological measurements. Repeated-measures models were used to assess the
effect of vitamin D and calcium consumption over time on the collective measurements of
attachment loss, bleeding, gingival index, pocket depth, and furcation measurements. These
analyses were also performed adjusting for the covariates of race, smoking, alcohol use, and
gender. Our study was powered (80%, two-sided, α = 0.05) to detect over one year a 0.2
mm difference in radiographic alveolar crest height between groups. We used SAS (version
9.2, SAS Institute, Cary, NC) for all statistical analyses.

RESULTS
As expected by the design, the two groups significantly differed in total daily intake of
vitamin D and calcium (P<0.0001). For subjects who did not take oral supplementation, the
mean daily calcium intake was 642 mg (95% confidence interval: 505-779), and the mean
daily vitamin D intake was 156 IU (117-195). For subjects who did take oral
supplementation, the mean daily calcium intake was 1769 mg (1606-1933), and the mean
daily vitamin D intake was 1049 IU (781-1317).

Overall, all the clinical parameters measured were worse in the non-takers at baseline and
mostly remained worse throughout the study (Fig. 1). On average, periodontal parameters
were 23.0%, 19.9%, and 15.6% better in takers compared with non-takers at baseline, 6
months, and 12 months, respectively (Table 2). Because of relatively large standard
deviations, none of the results for the clinical and radiographic measurements were
statistically significant in univariate analyses. When considered collectively, the clinical
measurements of attachment loss, bleeding, gingival index, pocket depth, and furcation were
borderline different between the 2 groups at baseline (p=0.061) and significant at 6 months
(p=0.049), but not significant at 12 months (p=0.114). Adjusting for 4 covariates (race,
smoking, alcohol, and gender, all not significantly different between groups) changed the
results only marginally, with the effect of taking supplements significant at baseline
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(p=0.037), borderline at 6 months (p=0.058), and not significant at 12 months (p=0.142).
Collectively, the 5 clinical measures of periodontal disease decreased significantly through
time in both takers (p<0.0001) and non-takers (p=0.002), as well as in both groups
combined (p<0.0001).

Radiographic measured changes in alveolar crest height at 6 and 12 months were less than
0.01 mm with similar differences between groups; however, by X ray absorbance takers had
denser bone at 6 and 12 months than non-takers and the difference was close to being
significant (P=0.07).

DISCUSSION
Our results indicate that strictly following a periodontal maintenance program improves
periodontal health regardless of standard calcium and vitamin D supplementation. During
the study we, however, observed significant or borderline improvements in clinical
parameters in patients who took oral supplementation compared with those who did not, and
this may have clinical relevance with regard to periodontal health. Previous reports have
suggested that vitamin D may reduce the susceptibility to gingival inflammation through
anti-inflammatory effects,20, 48, 49 and one study demonstrated an inverse linear association
between 25(OH)D and bleeding on probing,48 which may be in agreement with our results
for which bleeding on probing and inflammation were lower at baseline in takers and
remained lower throughout periodontal maintenance therapy. Because of the inclusion of
different co-variates, the results of baseline statistical testing that we report here are slightly
different those that we reported previously.35

Different factors can be attributed to the lack of consistent statistically significant
differences between the groups. Estimates of mean alveolar crest height loss per year range
from 0.05 to 0.11 mm in the general population, with most estimates being 0.1 mm loss per
year.50-52 We recruited patients with moderate periodontal disease, which we defined for our
study as patients with ≥ 2 sites with ≥ 3 mm of clinical attachment loss.37 Because our intent
was for the subjects to have moderate periodontal disease, we thought it reasonable to
assume that the rate of loss for these patients might be 2 to 3 times the background rate of
0.1 mm loss per year. We, thus, expected that these patients would lose 0.2 to 0.3 mm of
crest height per year. In our previous study, periodontally healthy women who received only
oral calcium and vitamin D supplementation for 3 years experienced a mean 0.10 mm
increase (standard deviation = 0.23) in crest height.53 In our pilot-data study, we did not
think it was reasonable to expect that vitamin D and calcium supplementation would result
in bone gain; but we did anticipate that in those patients taking supplementation their
alveolar crest heights would remain stable and those not taking supplementation would lose
~ 0.2 mm of crest height. As it turned out, at baseline, alveolar bone and attachment loss
were only ~2 mm in non-takers and ~1.8 mm in takers. Our subjects were medically healthy,
and many had been enrolled in periodontal-maintenance programs for at least six months
and received regular treatments before being recruited. Even though the average ages for the
takers and non-takers were 64 and 62, they had lost little alveolar bone over their lifetimes;
so little change would be expected over a one-year period (particularly for subjects who
were relatively periodontally healthy and undergoing periodontal maintenance therapy), and
little change in alveolar bone was detected. In studies of the effects of vitamin D and
calcium supplementation on periodontal health, it is essential for investigators to assure that
their subjects have severe enough periodontal disease to detect an effect. Even though our
subjects met the inclusion criteria, most exhibited only localized previously treated moderate
attachment loss. Our unintentional inclusion of subjects with minimal attachment loss and
bone loss is a weakness of our pilot study.
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We realize another limitation of our study was the number of subjects taking relatively low
amounts of vitamin D, even though we made concerted efforts to recruit takers with high
intakes of vitamin D. Although the difference in vitamin D intake between the two groups is
apparently large (893 IU/day), such a difference would be predicted to raise serum levels by
only ~15.6 nmol/l, based on the assumption that 40 IUs of vitamin D supplementation raises
25(OH)D levels by ~0.70 nmol/l.54 It is, therefore, likely that the vitamin D supplements
used by our enrollees were not sufficient to normalize serum 25(OH)D (80 nmol/l) in all of
these individuals, considering that a large proportion of the population is vitamin D
insufficient or deficient.20, 39 Studies in which there have been large differences in intakes
between the treatment and control groups have been successful in determining the beneficial
effects of vitamin D and calcium supplementation in contrast to trials in which the intake
differences have been small.55, 56 Such was the case in a recent publication in which the
investigators concluded that increased 25(OH)D levels might be directly associated with
worse periodontal inflammation and aggressive periodontitis.57 The major weakness of that
study was 25(OH)D levels for the aggressive-periodontitis, chronic-periodontitis, and
control-group subjects were below the threshold level (80 nmol/l) for 25(OH)D; therefore no
effect of 25(OH)D would be expected and none was found. With cross-sectional or cohort
studies, it would be exceedingly difficult or impossible to find enough subjects who have
moderate or severe chronic periodontitis and different enough levels of 25(OH)D to be able
to detect a statistically significant effect of 25(OH)D. The best way to detect vitamin D
effects is through randomized, controlled trials in which the treatment-arm subjects receive
2,000 to 10,000 IU/day and serum levels of 25(OH)D are monitored to assure that treatment-
arm subjects achieve 25(OH)D levels of 125 to 175 nmol/L.10

In conclusion, because vitamin D did not have a consistently statistically significant effect
on periodontal health, the data from this pilot study can neither support nor refute
recommendations for higher doses of Vitamin D supplementation; however, our findings do
not deny the possibility that Vitamin D supplements may reduce the severity of the
periodontal disease if used at higher doses than those currently included in supplements and
support the rationale for randomized clinical trials on the effects of vitamin D on
periodontitis.
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One-sentence summary: Although the findings support the possibility that vitamin D
supplementation may improve clinical and radiographic parameters in patients with
periodontitis, these data can neither support nor refute recommendations for higher doses
of Vitamin D supplementation.
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Figure. 1.
Month 0 (baseline), Month 6, and Month 12 measurements: attachment loss, bleeding,
probing depth, gingival index, plaque index, furcation index, calculus index, radiographic
CEJ-AC distance, radiographic crest height, and absorbance.
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Table 1

Demographics

Taker (N=23) (%) Non-taker (N=28) n (%)

Age, mean (std) 64 (6.4) 62 (8.6)

Gender, N (%)
*

Male 6 (26%) 16 (57%)

Female 17 (74%) 12 (43%)

Race, N (%)

African American 2 (9%) 6 (21%)

Asian 0 (0%) 1 (4%)

Caucasian 20 (87%) 19 (68%)

Hispanic/Latino 1 (4%) 2 (7%)

Smoking, N (%)

Smoker 1 (4%) 1 (4%)

Non-smoker 16 (70%) 20 (71%)

Past smoker 6 (26%) 7 (25%)

Alcohol, N (%)

< 1 glass/month 12 (52%) 15 (54%)

    2-30 glass/month 10 (43%) 10 (36%)

>30 glass/month 1 (4%) 3 (11%)

*
P < 0.05
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Table 2

Percent differences
*
 in periodontal measurements between takers and non-takers at baseline, 6 months, and 12

months. Positive percentages indicate better periodontal health in takers.

Periodontal Parameters Baseline 6 months 12 months

Probing depth 7.03% 16.32% 12.08%

Attachment loss 11.51% 22.84% 13.02%

CEJ-AC distance 17.05% 17.32% 11.60%

Bleeding 7.90% 19.83% 5.13%

Gingival Index 38.03% 40.49% 23.98%

Plaque Index 21.27% -0.39% -9.33%

Furcation 51.77% 57.99% 64.70%

Calculus Index 29.33% -15.36% 3.54%

        Mean 22.99% 19.88% 15.59%

        Standard deviation 15.80% 22.54% 22.02%

*
[(mean measurement for non-takers minus mean measurements for taker)/mean measurements for taker)] × 100
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