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ABSTRACT

Vitamin C is known to stimulate procollagen, enhance collagen synthesis, and stimulate alkaline phosphatase
activity, a marker for osteoblast formation. Studies of dietary vitamin C intake and the relation with bone
mineral density (BMD) have been conflicting, probably because of the well-known limitations of dietary
nutrient assessment questionnaires. The purpose of this study was to evaluate the independent relation of daily
vitamin C supplement use with BMD in a population-based sample of postmenopausal women. Subjects were
994 women from a community-based cohort of whom 277 women were regular vitamin C supplement users.
Vitamin C supplement use was validated. Daily vitamin C supplement intake ranged from 100 to 5000 mg; the
mean daily dose was 745 mg. Average duration of use was 12.4 years; 85% had taken vitamin C supplements
for more than 3 years. BMD levels were measured at the ultradistal and midshaft radii, hip, and lumbar spine.
After adjusting for age, body mass index (BMI), and total calcium intake, vitamin C users had BMD levels
approximately 3% higher at the midshaft radius, femoral neck, and total hip (p < 0.05). In a fully adjusted
model, significant differences remained at the femoral neck (p < 0.02) and marginal significance was observed
at the total hip (p < 0.06). Women taking both estrogen and vitamin C had significantly higher BMD levels
at all sites. Among current estrogen users, those also taking vitamin C had higher BMD levels at all sites, with
marginal significance achieved at the ultradistal radius (p < 0.07), femoral neck (p < 0.07), and total hip (p <
0.09). Women who took vitamin C plus calcium and estrogen had the highest BMD at the femoral neck (p 5
0.001), total hip (p 5 0.05), ultradistal radius (p 5 0.02), and lumbar spine. Vitamin C supplement use appears
to have a beneficial effect on levels of BMD, especially among postmenopausal women using concurrent
estrogen therapy and calcium supplements. (J Bone Miner Res 2001;16:135–140)
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INTRODUCTION

RECENT IN vitro studies of animal and human osteoblasts
have shown ascorbic acid (vitamin C) to be a vital

component in the biology of bone cell formation and result-
ant bone mass. Vitamin C is known to enhance collagen
synthesis, a precursor of bone matrix mineralization, to
stimulate the overall process of osteoblast differentiation
including the expression of alkaline phosphatase, a marker

for osteoblast formation, and to increase the rate of oste-
oclast formation and increase the life span of osteoclasts and
their precursors.(1–4) These results suggest a potentially
beneficial role for vitamin C in the prevention of low bone
mineral density (BMD). These observations could be im-
portant because vitamin C is the most common single nu-
tritional supplement used in the United States.(5)

The results of studies that examined the relationship of
dietary and/or supplemental vitamin C intake with BMD
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have been inconsistent. Some examined only dietary
sources of vitamin C and did not consider supplemental
intake.(6–7) Others examined total intake but did not deter-
mine whether vitamin C supplement users differ from
nonusers,(8–10) or whether the effect was additive or inter-
active with calcium supplementation or estrogen use.

The purpose of the present study was to examine the
independent relation between vitamin C supplement use and
BMD at five skeletal sites in a community-dwelling popu-
lation of postmenopausal women who had a high prevalence
of vitamin C, calcium, and estrogen use.

MATERIALS AND METHODS

Between 1972 and 1974, 82% of all adult residents of the
southern California community of Rancho Bernardo (n 5
6339) were surveyed to estimate the prevalence of heart
disease risk factors.(11,12)From February 1988 to November
1991, 80% of surviving noninstitutionalized postmeno-
pausal women from the Rancho Bernardo cohort partici-
pated in a study of osteoporosis.(13) All were white, ambu-
latory, and gave written informed consent.

Standardized questionnaires were used to obtain informa-
tion about alcohol intake, tobacco use, physical activity,
disease history, reproductive status, medication, and nutri-
tional supplement use. Information on all nutritional sup-
plements and medications, including current use, dose, and
duration, were obtained and validated by a nurse who ex-
amined pills and prescriptions brought to the clinic for that
purpose. Height and weight were measured with the partic-
ipant wearing light clothing and no shoes. Body mass index
(BMI) was calculated as weight (kg) divided by height (m2).

BMD, defined as total bone mineral content (g) divided
by the area (cm2) was measured at the ultradistal radius and
midshaft radius of the nondominant arm using single photon
absorptiometry (Lunar model SP2B; Lunar, Madison, WI,
USA). Ultradistal radius BMD was defined as the lowest
mean BMD of four adjacent scanned lines from a total of 10
lines. Midshaft radius BMD was the mean of four scanned
lines at the proximal one-third of the radius. The Lunar bone
densitometer was calibrated daily, using a phantom or cal-
ibration standard. Measurements were maintained within
the manufacturer’s precision standards of#7.0% for the
ultradistal radius and 1.0% for the midshaft radius. Femoral
neck, total hip, and lumbar spine BMD were measured by
dual-energy X-ray absorptiometry (DXA; Hologic QDR-
1000; Hologic, Inc., Waltham, MA, USA). Total hip BMD
included the femoral neck, greater trochanter, and inter-
trochanteric region. Spine BMD included lumbar verte-
brae 1–4. Axial scans were standardized daily against a
phantom. Precision error of this instrument was approxi-
mately 1%.

All BMD levels were distributed normally making trans-
formations unnecessary. The direct method was used to
calculate age adjustment using all 994 women. The Mantel
Haenszel statistic with a two-tailed test of significance (a #
0.05) was calculated to determine statistically significant
differences in adjusted proportions. The SAS generalized
linear model procedure was used to compare BMD levels

stratified by vitamin C use, dose, and estrogen and/or cal-
cium supplement use before and after adjusting for covari-
ates.(14) Pearson correlation coefficients were calculated to
test the relation of vitamin C dose and duration with BMD
levels. Significant differences in mean values were deter-
mined using 95% CIs andp values with a two-tailed test of
significance.

RESULTS

Participants in the study were 994 postmenopausal
women, aged 50–98 years, with an overall mean age of 72
years. These women were an average of 26 years postmeno-
pausal. Twenty-eight percent (n 5 277) were regular daily
users of vitamin C supplements. Compared with nonusers,
vitamin C users were significantly more likely to currently
use estrogen and take calcium and multivitamin supple-
ments (Table 1). They also were significantly more likely to
have physician-diagnosed (self-reported) osteoarthritis and
significantly less likely to be taking thiazides. They were
similar to nonusers of vitamin C with respect to age, BMI,
use of oral steroids, physical activity, cigarette smoking, and
alcohol use.

Daily vitamin C supplement users had significantly
higher BMD levels (p , 0.02) at the midshaft radius,

TABLE 1. AGE-ADJUSTED SAMPLE CHARACTERISTICS BY

VITAMIN C SUPPLEMENT USE IN WOMEN FROM RANCHO

BERNARDO, CA, FROM 1988TO 1991

Variable

Vitamin C supplements

Nonusers
(n 5 717)

Users
(n 5 277)

Means
Age (not age adjusted) 72.9 71.8
BMI 24.7 24.3
Age at menopause 46.7 46.5
Years since menopause 26.2 25.5

Percents
Age categories (not age

adjusted)
50–59 years 10.2 13.7
60–69 years 26.8 25.6
70–79 years 34.9 36.1
801 years 28.2 26.4

Current smoking 9.8 11.2
Alcohol (any in past month) 74.3 75.8
Exercise (31 times/week) 66.3 66.4
Self-reported osteoarthritis 57.4 67.7*
Thyroid hormonea 19.3 20.9
Thiazidesa 24.7 18.1*
Corticosteroids (oral)a 3.1 1.8
Estrogena 32.6 50.2***
Calcium supplementsa 32.0 60.7***
Multivitamin supplementsa 39.7 72.7***

* p , 0.05; **p , 0.01; ***p , 0.001.
a Indicates current use of medication/supplement.
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femoral neck, and total hip when compared with nonusers
after adjustment for age, BMI, and calcium supplement use
(Table 2). A similar pattern was observed at the lumbar
spine (p , 0.09). Differences in BMD levels remained at
the femoral neck (p , 0.02) and total hip (p , 0.06) when
all covariates were added to the model. Multiply adjusted
BMD levels were 4.1% higher at the femoral neck in
women using vitamin C supplements. Interactions between
vitamin C use and multivitamin use, calcium supplements,
and current estrogen, as well as calcium supplements and
multivitamin use were not significant in any of these mod-
els.

Dose of vitamin C supplements ranged from 70 to 5000
mg/day with a mean of 745 mg and a median of 500
mg/day. Fifty-six percent of vitamin C users took 500
mg/day, and 22% took 1000 mg/day. Two women used a
vitamin C dose between 500 and 1000 mg/day and were
excluded from the dose analysis. BMD levels stratified into
three groups, nonusers, users of less than or equal to 500
mg/ day (n 5 188 or 68% of vitamin C users), and users of
10001 mg/day (n 5 85 or 30.7% of vitamin C users),
showed a pattern of increased bone mass at all sites and
significantly higher BMD (p , 0.05) at the ultradistal radius
for women taking the highest doses. A significant linear
trend across the three groups was observed at the same site
(Fig. 1).

Mean duration of use of vitamin C supplements was 12.4
years. Seventy-eight percent of vitamin C users had been

taking vitamin C supplements for 5 or more years, and 56%
had been taking vitamin C for 10 or more years. BMD levels
were not significantly correlated with duration of use nor
were there any differences when users were stratified into
two groups, less than 10 years (n 5 119, 43.6%) versus 10
or more years (n 5 154, 56.4%) of use (data not shown).

Current users of both estrogen and vitamin C supplements
had significantly higher BMD levels at all sites compared
with women not taking estrogen and not taking vitamin C
(Fig. 2). The difference in BMD levels ranged from 8.4% at
the femoral neck to 16.6% at the ultradistal radius. Among
current estrogen users, those taking vitamin C had higher
BMD levels at all sites with marginal significance at the
ultradistal radius (p , 0.07, 7.7%) and femoral neck (p ,
0.07, 4.3%). A similar pattern also was observed among
nonestrogen users, though the differences were not statisti-
cally significant.

Further stratification of vitamin C supplement use into four
groups, no estrogen/no calcium supplements (n 5 415), cal-
cium supplements only (n 5 206), estrogen only (n 5 182),
and estrogen plus calcium supplements (n 5 191), showed
consistently at all five sites that women taking vitamin C and
calcium supplements plus estrogen had the highest bone mass
(Fig. 3). These differences were significant at the femoral neck
(p 5 0.0001), total hip (p 5 0.05), and ultradistal radius (p 5
0.02) compared with women taking calcium supplements plus
estrogen but not vitamin C.

TABLE 2. MEAN BMD LEVELS (95% CIS/P VALUES) STRATIFIED BY CURRENT VITAMIN C SUPPLEMENT USE IN WOMEN

FROM RANCHO BERNARDO, CA, FROM 1988TO 1991

Measurement site

Vitamin C supplements

Nonusers (n 5 717) Users (n 5 277) p Value
Percent

difference

Ultradistal radius
Adjusted for age, BMI, and calcium 0.235 (0.231,0.239) 0.240 (0.232,0.248) 0.35 2.1
Adjusted for all covariates (no estrogen)a 0.236 (0.230,0.242) 0.249 (0.237,0.261) 0.08 5.5
Adjusted for all covariates (add estrogen) 0.237 (0.231,0.243) 0.247 (0.235,0.259) 0.18 4.2

Midshaft radius
Adjusted for age, BMI, and calcium 0.593 (0.587,0.599) 0.609 (0.599,0.611) 0.02 2.7
Adjusted for all covariates (no estrogen) 0.584 (0.574,0.594) 0.593 (0.575,0.611) 0.40 1.5
Adjusted for all covariates (add estrogen) 0.586 (0.576,0.596) 0.587 (0.571,0.603) 0.85 0.1

Femoral neck
Adjusted for age, BMI, and calcium 0.633 (0.627,0.639) 0.651 (0.639,0.663) 0.01 2.8
Adjusted for all covariates (no estrogen) 0.629 (0.619,0.639) 0.658 (0.640,0.676) 0.01 4.6
Adjusted for all covariates (add estrogen) 0.630 (0.620,0.639) 0.656 (0.639,0.674) 0.02 4.1

Total hip
Adjusted for age, BMI, and calcium 0.777 (0.769,0.785) 0.797 (0.783,0.811) 0.02 2.6
Adjusted for all covariates (no estrogen) 0.777 (0.765,0.789) 0.806 (0.786,0.826) 0.03 3.7
Adjusted for all covariates (add estrogen) 0.778 (0.767,0.789) 0.803 (0.782,0.824) 0.06 3.2

Lumbar spine
Adjusted for age, BMI, and calcium 0.890 (0.887,0.923) 0.911 (0.901,0.959) 0.09 2.4
Adjusted for all covariates (no estrogen) 0.904 (0.886,0.922) 0.931 (0.901,0.961) 0.17 3.0
Adjusted for all covariates (add estrogen) 0.907 (0.890,0.924) 0.925 (0.896,0.954) 0.33 2.0

Note; Boldface type indicates significant differences.
a Covariates: age, BMI, exercise, alcohol, current smoking, calcium supplements, multivitamin supplements, thiazides, current

estrogen, thyroid hormone, oral corticosteroids, and physician diagnosed osteoarthritis.
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DISCUSSION

Among these community-dwelling postmenopausal
women, 28% were regular daily users of vitamin C supple-
ments, a prevalence slightly lower than the 34% used
by postmenopausal women reported from U.S. national
data,(15) and the 36% reported from the Seattle site of the
Fracture Intervention Trial.(16) Sowers and colleagues(8) re-
ported more than one-third of the women in the rural Iowa
study used some form of nutritional supplements, which
included vitamin C. In a study of bone mass in Mexican
American postmenopausal women,(17) data from Scot-
land,(9,10)and the Postmenopausal Estrogen/Progestin Inter-
ventions (PEPI) Trial,(7) prevalence of vitamin C supple-
ment use was not reported separately.

Women from Rancho Bernardo, CA, who were vitamin C
supplement users had significantly higher BMD levels at the
femoral neck (p , 0.02) while controlling for all covariates.
Significantly higher bone mass at the midshaft radius (p ,
0.02) and total hip (p , 0.02) was observed while control-
ling for age, BMI, and use of calcium supplements. Differ-
ences in BMD levels ranged from 2.5% to 4.1% higher than
among the nonusers.

In general, these results are in accord with two previous
studies that have examined the relation of BMD and dietary
vitamin C(6,7) and found positive associations at the ultra-
distal and distal radii, and at the femoral neck and total hip,
respectively. However, one of these studies was among
adolescents,(6) a period of bone formation as opposed to
bone loss, and the other among women who were less than
10 years postmenopausal.(7) Results from the present study
are similar to results from one study that accounted for both
dietary and supplemental vitamin C intake by Sowers et
al.,(8) who found a nonsignificant positive association of
total vitamin C intake at the midshaft radius. In contrast,
Wang et al.(17) found dietary but not supplemental vitamin
C or total vitamin C intake to be marginally positively (p ,
0.07) associated with BMD levels; the most significant
differences were at the femoral neck, as in the present study.
However, these results are difficult to interpret because the
number of women using vitamin C supplements was not
reported nor was a stratified analysis of BMD across dose
levels conducted.

We found no association of vitamin C supplement use
with bone mass at the lumbar spine, in contrast to New et
al.(9) who examined premenopausal women and found
among those in the highest quartile of total intake of vitamin
C, lumbar spine BMD levels were significantly higher;
vitamin C supplement users were not analyzed separately.

FIG. 1. Mean BMD levels (adjusted for all covariates:
age, BMI, exercise, alcohol, current smoking, calcium sup-
plements, multivitamin supplements, thiazides, thyroid hor-
mone, oral steroids, and physician diagnosed osteoarthritis;
95% CIs) stratified by dose (note that only 2 women used
vitamin C at a dose level between 500 and 1000 mg) of
current vitamin C supplement use in women from Rancho
Bernardo, CA from 1988 to 1991.

FIG. 2. Mean BMD levels (adjusted for all covariates:
age, BMI, exercise, alcohol, current smoking, calcium sup-
plements, multivitamin supplements, thiazides, thyroid hor-
mone, oral steroids, and physician diagnosed osteoarthritis;
95% CIs) stratified by current estrogen use and current
vitamin C supplement use in women from Rancho Ber-
nardo, CA from 1988 to 1991.
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The daily dose of vitamin C from supplements among
women from Rancho Bernardo, CA, was substantially
higher (mean5 745 mg; median5 500 mg) than either
vitamin C from supplement use, dietary intake, or total
vitamin C dose reported in other studies, as well as the
national average of non-Hispanic white women over 50
years old (94–112 mg).(18) Hall and Greendale(7) reported
dietary vitamin C intake as 140 mg/day among the PEPI
women. Leveille et al.(16) found mean dose from supple-
ments was 295 mg/day and total intake was 407 mg/day.
New and colleagues(9) reported total mean intake as 126
mg/day, and Wang et al.(17) found a dose of 139 mg/day for
dietary vitamin C and 294 mg/day for vitamin C supplement
use. We did not find any significant correlations between
vitamin C dose and BMD levels at any site or when strat-
ified by a median split (,500 mg vs. 5001 mg), possibly
because the majority of women were taking 500 mg or more
(87%). Further stratification showed a significant associa-
tion of vitamin C dose and bone density at the ultradistal
radius among women whose daily supplement intake was
1000 mg or more when compared with nonusers. This
finding is in accord with the observation that 75% or more
of vitamin C is absorbed at an intake of 180 mg of vitamin
C, and pharmacokinetic studies show the intestine has an
absorption capacity of approximately 3 g/day of ascorbic
acid before the kidney effectively eliminates the excess.(5)

Therefore, women taking higher doses would be expected to
have higher serum vitamin C levels presumably enhancing
the potential bone-preserving effects.

We found no association of duration of vitamin C sup-
plement use and BMD at any site, in contrast to Leveille and
colleagues(16) who reported that women who took high
doses of vitamin C supplements for at least 10 years had
higher BMD levels at the femoral neck. The lack of any

strong and consistent associations of dose/duration of vita-
min C supplement use and bone mass in Rancho Bernardo,
CA, may be caused by a lack of variation in the distribution
of the dose/duration variables. Most vitamin C users were
taking relatively high doses for many years.

Leveille et al.(16) reported that among women aged 55–64
years who never used estrogen, femoral neck BMD was
higher among those who had taken vitamin C supplements
for longer than 10 years and suggested that vitamin C might
be most beneficial during the early postmenopausal years,
and estrogen use might obscure the more moderate effects
of vitamin C. We did not find that to be true in our data.
Rancho Bernardo women currently taking estrogen and
vitamin C supplements had the highest bone mass at all five
sites (p , 0.05), suggesting an additive effect. Among
current estrogen users, vitamin C supplement users had
marginally higher BMD levels at the ultradistal radius and
femoral neck. Among nonestrogen users, BMD levels were
slightly higher for users of vitamin C supplements. It is
difficult to compare our estrogen results with Wang et
al.,(17) Hall and Greendale,(7) or Sowers et al.(8) because
they did not analyze the relation of estrogen plus vitamin C
use to bone mass; they reported only the effect of estrogen
use as a confounding variable in their regression models.
Additionally, subjects in the study from New and col-
leagues(9) were all premenopausal and not using estrogen.

Recently, Nieves et al.(19) reviewed 20 clinical trials of
estrogen therapy alone or in combination with added dietary
calcium and found that higher calcium intake potentiated
the beneficial effects of estrogen on bone at the hip, spine,
and forearm. Data from the present study add a new dimen-
sion to the Nieves et al.(19) results because Rancho Bernardo
women taking vitamin C plus calcium and estrogen had

FIG. 3. Mean BMD levels (ad-
justed for all covariates: age, BMI,
exercise, alcohol, current smok-
ing, multivitamin supplements,
thiazides, thyroid hormone, oral
steroids, and physician diagnosed
osteoarthritis; 95% CIs) stratified
by current estrogen, calcium, and
vitamin C supplement use in
women from Rancho Bernardo,
CA from 1988 to 1991.

139VITAMIN C SUPPLEMENTS AND BMD

D
ow

nloaded from
 https://academ

ic.oup.com
/jbm

r/article/16/1/135/7515879 by SIO
 Library 0175C

 Serials - IN
AC

TIVE user on 23 August 2024



13.5% higher BMD at the wrist, 9.5% higher BMD at the
femoral neck, and 6.0% higher BMD at the total hip.

One limitation of this study is that we did not obtain
serum levels of vitamin C. Data from the second National
Health and Nutrition Examination Survey (NHANES II)
have shown serum vitamin C levels in supplement users to
be significantly lower in smokers compared with nonsmok-
ers.(15) Although there were relatively few current smokers
in the Rancho Bernardo cohort, there were more current
smokers among the vitamin C supplement users compared
with nonusers (11.2% vs. 9.8%). The associations reported
here were adjusted for cigarette smoking, but smokers tak-
ing vitamin C supplements may have had significantly
lower serum vitamin C levels not accounted for by these
analyses.

Misclassification among the nonusers of vitamin C may
have occurred in the present study, because 40% of Rancho
Bernardo women were taking multivitamin preparations,
which generally contain some vitamin C. However, the
majority of the multivitamins used contained low to mod-
erate levels of vitamin C (35–90 mg). To reduce the effect
of possible confounding, the variable “multivitamin use”
was included in all multivariate models. If misclassification
did occur, it would tend to weaken rather than overestimate
the observed associations of vitamin C use and bone mass.

A major strength of the present study is that current
vitamin C supplement use and dosage were validated by
clinic nurses. Supplement use in all other studies referenced
was determined by recall. Nevertheless, although preva-
lence of vitamin C supplement use by Rancho Bernardo
women was only slightly lower than national data, dose
levels were substantially higher than the national average of
reported use. These data, concordant with several other
studies, support the thesis that regular daily use of vitamin
C supplements may help increase bone mass in postmeno-
pausal women at the femoral neck and total hip. Vitamin C
alone cannot replace the documented benefits of estrogen
replacement therapy and calcium supplements, but appears
to have an additive effect. The optimal dose cannot be deter-
mined from the present report, but the highest BMD levels
were observed among women taking 1000 mg/day or more.
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