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Abstract
Objectives—Determine the level of calcium and vitamin D oral supplementation in patients in
periodontal disease maintenance programs.

Design—Convenience survey.

Setting—St. Louis Metropolitan region.

Subjects and Methods—Patients (n=228) in two university-based, periodontal-disease
maintenance programs.

Main Outcome Measures—Reported amounts of oral calcium and vitamin D supplementation
were tested for differences based on gender and race.

Results—The last published recommended daily intakes from the United States (U.S.) Food and
Nutrition Board (FNB) for adults >50 years of age are 1200 mg calcium and 400 IU vitamin D (or
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600 IU if over 70). The mean age of the 228 patients (125 females and 103 males) was 63.6±11.0
years (standard deviation). Of the 228 patients surveyed: (1) 204(89%) were >50 years of age, and
of these, only 15(7%) met the U.S. FNB’s recommended intakes of calcium and vitamin D from
supplementation, (2) 138(66%) reported that they took no oral supplementation, with significantly
more males (n=82) than females (n=56) not taking supplementation (p=0.03), (3) 88(39%) took
calcium supplementation, with females (947±511mg/day) taking significantly (p<0.001) more
than males (632±907mg/day), and (4) 66(29%) took vitamin D supplementation, with
females(420±227 IU/day) taking approximately the same amount as males (443±317 IU/day,
p>0.05). The amounts of oral supplementation did not vary with race (p>0.05).

Conclusion—The use of calcium and vitamin D supplementation has been promoted for years;
yet the numbers of adults taking supplements remains low and the level of supplementation varies
greatly. Knowledge of the benefits of supplementation needs to be better disseminated and
research needs to be conducted to determine optimal levels of calcium and vitamin D
supplementation.

Keywords
Calcium/therapeutic use; diet; nutrition; periodontal diseases/prevention and control; vitamin D

INTRODUCTION
Oral bone mass increases throughout infancy, childhood, and adolescence to reach a
genetically determined peak bone mass in early adulthood. Thereafter, the oral bone, just as
total skeletal bone, loses bone mass. The rate of increase and loss is dependent upon heredity
and the availability of calcium and vitamin D. If calcium intakes are inadequate, skeletal
calcium is resorbed to maintain the body’s calcium homeostasis, which is essential for life-
sustaining processes–such as blood clotting, muscle contraction, and nerve excitability. The
resorption of the body’s calcium is mediated by parathyroid hormone (PTH), which
increases osteoclastic activity in bone to release stored calcium to the circulation and
increases the synthesis of 1,25-dihydroxyvitamin D [1,25(OH)2D] (the biologically active
form of vitamin D), which in turn increases the absorption of calcium from the intestine. The
best way to estimate vitamin D intakes is to measure the serum levels of 25-hydroxyvitamin
D [25(OH)D].1 When serum levels of 25(OH)D are low, there is decreased calcium
absorption, increased PTH secretion, and increased osteoclastic activity.

In a September 2002 review of 180 articles on bone status and calcium intake, it was
reported that 68 of 70 (97%) randomized clinical trials found that individuals who received
calcium supplementation had greater gains in bone during growth, less loss of bone with
age, and/or reduced fracture risk, relative to unsupplemented individuals, and that 85 of 110
(77%) observational studies found positive effects for calcium supplementation.2 It is also
well established that vitamin D is essential for bone growth and that it has its greatest effect
when combined with calcium supplementation.3-5 Dietary Reference Intakes [the last
published recommendations of the U.S. Institute of Medicine’s Food and Nutrition Board
(FNB)] suggests a total intake from diet and oral supplementation of 1200 mg/day calcium
and 400 IU (10.0 μg)/day vitamin D for ages 51-70 and for those >70 years of age, 1200 mg
calcium/day and 600 IU vitamin D (15.0 μg)/day.6 In the U.S., the median calcium intake
for men 50 to 70 years of age is 708 mg/day and for women 571 mg/day and 702 and 517
mg/day respectively for those >70 years of age.7 Therefore, on average, adult men and
women need to consume an additional 500-600 mg/day of calcium through food or
supplementation, just to meet health needs.
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There is also growing concern that recent studies have identified high prevalence’s of
vitamin D insufficiency in otherwise healthy adults and that current FNB recommendations
of vitamin D intake are inadequate. A number of investigators convincingly argue that
serum 25(OH)D levels < 70-80 nmol/liter are deficient.8 Another source for information, the
National Osteoporosis Foundation (NOF) recommends 1,000 mg calcium and 400-800 IU
Vitamin D daily for adults <50 years of age, and for those >50 years of age, 1,200 mg
calcium and 800-1,000 IU Vitamin D daily.9 A periodontal-disease, vitamin-D study of the
Third National Health and Nutrition Examination Survey (NHANES III) data found that the
majority of subjects had serum 25(OH)D levels far below 80 nmol/liter.10 As pointed out in
recent studies, the older recommendations of 400 or 600 IU vitamin D/day were intended to
maintain health and are inadequate for correcting vitamin D insufficiencies.11

It is reasonable to think that calcium and vitamin D affect oral bone in the same way that
they affect other bones of the body, and various studies, including analyses of data from
NHANES III, have found associations between periodontal health and intakes of calcium
and vitamin D.10, 12Researchers have found that (1)optimal intakes of calcium and vitamin
D slow bone resorption and speed bone formation, thereby reducing bone loss13, (2)vitamin
D stimulates the expression of antimicrobial peptides (α- and β-defensins and
cathelicidins),14, 15 and (3)vitamin D has an immunosuppressive effect on periodontal
disease.10 As the levels of calcium and vitamin D oral supplementation for patients with
periodontal disease are unknown, the purpose of this study was to survey adult patients in
two university-based, periodontal-disease maintenance programs to determine their levels of
calcium and vitamin D oral supplementation.

METHODS
Study Population

We conducted our survey at Southern Illinois University School of Dental Medicine (SIU-
SDM) in Alton, Illinois and the Saint Louis University Center for Advanced Dental
Education (SLU-CADE) in St. Louis, Missouri. Study subjects were recruited from
periodontal-disease recall programs based at these two institutions, whose patient
populations are from the Greater St. Louis region, an area comprising 12 counties in Eastern
Missouri and Southern Illinois. According to the latest U.S. census, this area has a
population of approximately 2.3 million, which makes it the 18th largest market area in the
United States. There are approximately 920 patients in the periodontal-disease maintenance
program at Southern Illinois University and 200 at Saint Louis University.

Patient Questionnaire
We obtained Institutional Review Board (IRB) approvals for our protocol and our use of a
brief patient questionnaire at SIU-SDM, SLU-CADE, and Washington University in St.
Louis (principal investigator’s home institution). Signs were posted in the periodontal
maintenance program dental operatories at SIU-SDM and SLU-CADE, with the sign’s
informing patients of a potential research study involving calcium and vitamin D. Interested
patients were invited to complete our brief questionnaire, which requested information on
age, gender, number of years postmenopausal, use of vitamin D and/or calcium supplements
(including multivitamins and antacids), and use of bone-active prescription drugs (such as,
risedronate,* alendronate,† raloxifene,‡ or estrogen).

*Actonel, Procter & Gamble Pharmaceuticals, Inc.
†Fosamax, Merck Co., West Point, VA
‡Evista [raloxifene hydrochloride, a selective estrogen receptor modulator (SERM), Eli Lilly and Company, Indianapolis, IN)
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Questionnaires were checked for completeness, and if additional information on amounts of
calcium and vitamin D was needed after the patients had gone home, they were contacted by
telephone.

Data Analysis
Data are reported as means ± standard deviation. For categorical variables, frequencies were
calculated for patients who were or were not taking calcium/vitamin D and/or bone-active
prescription drugs. Distributions of age, mg of calcium taken per day, and international units
(IUs—40 IUs = 1 μg) of vitamin D taken per day were tested for normality with the
Shapiro-Wilk W test, and equality of variances were tested with O’Brien, Brown-Forsythe,
Levene, and Bartlett tests. Differences in responses based on gender, menopausal status, and
race were tested for statistical significance with the chi-square test, Fisher’s exact test,
analysis of variance (ANOVA) and Student’s t test. If data were non-normally distributed
and/or variances were not equal, the Welch ANOVA and/or Wilcoxon tests were used. For
those who took neither calcium nor vitamin D oral supplementation, the binomial test was
used to determine if there were more males than females. This test is used when there are
only two possible outcomes, with fixed rates of occurrence-in this case 0.5 for males and 0.5
for females.16 The chi-square, goodness-of-fit test was used to test for differences in racial
proportions between respondents and the St. Louis region. If for the chi-square test, 20% of
the cells had expected counts of less than 5, exact p values were calculated by means of data
permutation. If default time limits were exceeded for calculations of exact p values, Monte
Carlo estimates were used. Monte Carlo estimates and exact calculations of p values were
performed with StatXact Statistical Software for Exact Nonparametric Inference (Version 6
with Cytel Studio™, Cytel Software Corporation, Cambridge, MA). All other statistical
testing was performed with JMP Statistical Software (SAS Institute, Inc., Cary, NC).

RESULTS
From May 2003 through September 2004, 228 questionnaires were completed and returned.
The racial make-up of the pooled sample was not significantly different (p = 0.15) from that
for the St. Louis region. The mean age of the 228 patients surveyed was 63.6 ± 11.0 years,
with 204 (89%) being over the age of 50 years. Males were significantly older (64.2 ± 9.5
years) than females (58.8 ± 11.9 years, Table 1). Postmenopausal women were significantly
older than pre-menopausal women (p < 0.0001), and African Americans were significantly
younger than Whites (p < 0.05). Eighty-eight patients reported taking oral calcium
supplementation. Females took significantly more calcium than did men (p<0.001). The
percentage of African Americans, who we surveyed, who took calcium (13.6%, n = 12,
Table 1) was higher than the percentage of African Americans living in the St. Louis region
(9.6%). Conversely, the percentage of Whites, who we surveyed, who took calcium (84.1%,
n = 74, Table 1) was lower than the percentage of Whites living in the St. Louis region
(87.9%).

Sixty-six patients reported taking oral vitamin D supplementation. Unlike what was
observed with calcium, there was no significant difference between men and women in the
amounts of vitamin D supplementation taken. There was also no variation in vitamin D oral
supplementation by race when compared to the makeup of the St. Louis region (p>0.05)
(Table 1).

Among all subjects studied, 64 of the 228 (28%) took both oral calcium and vitamin D
supplementation, and 138 of the 228 (61%) took no oral supplementation. Insufficient
calcium and vitamin D intake, as assessed by supplementation amounts, was seen in 93% of
the study population (Table 2).
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Thirty-three patients reported use of bone-active prescription drugs used for osteoporosis,
specifically, risedronate (n = 5), alendronate (n = 13), estrogen (n = 4), raloxifene (n = 10), 1
unknown drug (unable to follow up with patient). Ninety-one percent of these patients were
females, 97% were postmenopausal; and 91% were White (Table 1). Fifteen (45%) of these
33 patients indicated use of calcium supplements (1252 ± 456 mg/day); and 11 (33%) of the
33 indicated use of vitamin D supplements (473 ± 185 IU/day).

DISCUSSION
With regard to periodontal disease, the many benefits of calcium and/or vitamin D include
strengthening the bone13, stimulating an antimicrobial effect,14, 15 and providing an
immunosuppressive effect.10

The self-reported calcium and vitamin D intake levels would be insufficient by themselves
to prevent deficiencies in our older adult population. Periodontal maintenance patients
receive no advice concerning calcium and vitamin D intake at either institution. Accurate
estimates of total intakes of calcium and vitamin D for our study subjects would have
required performing dietary analyses, assessing sunlight exposures, or (in the case for
vitamin D) assessing serum levels of 25(OH)D-none of which were done for our study.
Nevertheless, of the patients we surveyed, 204 (89%) of 228 were over the age of 50, and
based on the recommendations given in U. S. Dietary Reference Intakes,6 of these, only 15
(7%) obtained adequate intakes of calcium and vitamin D from oral supplementation, and
only 6 (.03%) met the higher recommendations of the National Osteoporosis Foundation.9

Other studies of St. Louis women also indicate inadequate intakes (food and oral
supplementation) of calcium and vitamin D.17, 18

The median calcium intakes (food plus oral supplementation) in the U.S. for men 50 to 70
years of age is 708 mg/day and for women 571 mg/day. Over the age of 70, the respective
median intakes are 702 and 517 mg/day.7 U. S. Dietary Reference Intakes contains no table
for vitamin D intakes such as it does for calcium; however, there is growing concern among
researchers that recent studies have identified an alarming prevalence of vitamin D
insufficiency in otherwise healthy adults and a re-emergence of vitamin D-deficiency-
induced rickets.19 Many researchers now believe that for adults, daily supplementation with
vitamin D at levels of, at least, 800 to1,000 IU (20 and 25 μg)/day would be safe and
beneficial to health, and that the U. S. Food and Nutrition Board (FNB) of the Institute of
Medicine needs to raise the recommended levels of intake for vitamin D.8

Dental Studies of the Effects of Calcium and/vitamin D on Alveolar Bone, Periodontal
Health, and Tooth Retention

It has been found that increased periodontal attachment loss is related to decreased intakes
of both calcium and vitamin D.10, 12 The investigators suggested that inadequate calcium
intake increased risk of periodontal disease and could be related to decreased alveolar bone
density. Inadequate intake of vitamin D could increase levels of periodontal disease either
through an effect on bone mineral density or a suppression of vitamin D’s
immunomodulatory effects.12 The anti-inflammatory effects of vitamin D (particularly the
suppression of cytokine production) and vitamin D’s inducing the production of
antimicrobial cathelicidin have been noted by various investigators.15, 20-24 There have been
a number of studies that indicate that calcium/vitamin D intakes affect alveolar bone,
periodontal health, and tooth retention, and even though there were limitations associated
with these studies, there is strong evidence that calcium and vitamin D intake are positively
associated with periodontal/alveolar bone health.25
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Anti-resorptive agents—Fourteen percent (33/228) of the patients took bone-active
prescription drugs, with the majority being female. Some patients in our study took
risedronate or alendronate, which are bisphosphonates, which may improve periodontal
health but also may cause osteonecrosis and painful refractory bone exposures of the
jaws.26-31 The incidence of osteonecrosis of the jaw in patients taking oral bisphosphonate
therapy for osteoporosis is low, with a reported risk of less than 1 in 100,000 patients.32

Some of the patients in our study took estrogen, which may benefit periodontal health.33-36

Other patients in our study took raloxifene [a selective estrogen receptor modulator, SERM].
No study has been published on the effect of this anti-resorptive agent on periodontal health.

Study limitations—The results of our study were drawn from self-reported
questionnaires. Although the data were unconfirmed (except by telephone in a few cases),
we gained knowledge about the use of oral calcium and vitamin D supplementation in a
group of adults with known periodontal disease.

Conclusion
Calcium and vitamin D supplements are reasonably priced and widely available; yet many
older adults in the U. S. take neither calcium nor vitamin D supplementation, and of those
who do, intake levels are often inadequate.

Randomized clinical trials and observational studies have consistently demonstrated positive
effects of calcium and/or vitamin D oral supplementation on postcranial (below the head)
and alveolar bone.25 There are few health concerns associated with calcium and vitamin D
use, but perhaps more important, there is considerable potential for health benefits,37

including periodontal health. Dentists and dental health professionals should advise all of
their adult patients to follow the National Osteoporosis Foundation’s daily intake
recommendations of 1,000 mg calcium and 400-800 IU vitamin D for adults <50 years of
age, and 1200 mg calcium and 800-1,000 IU vitamin D for adults >50 years of age.
Controlled studies should be conducted to establish the extent to which adequate intakes of
calcium and vitamin D can stabilize/improve periodontal health.
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