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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 midshatft 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 necka(< 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 &
0.001), total hip (p = 0.05), ultradistal radius (p = 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 for osteoblast formation, and to increase the rate of oste-
oclast formation and increase the life span of osteoclasts and
ECENT IN Vitro studies of animal and human osteoblasttheir precursor§:=® These results suggest a potentially
have shown ascorbic acid (vitamin C) to be a vitabeneficial role for vitamin C in the prevention of low bone
component in the biology of bone cell formation and resulmineral density (BMD). These observations could be im-
ant bone mass. Vitamin C is known to enhance collaggrortant because vitamin C is the most common single nu-
synthesis, a precursor of bone matrix mineralization, toitional supplement used in the United Stafés.
stimulate the overall process of osteoblast differentiation The results of studies that examined the relationship of
including the expression of alkaline phosphatase, a markdietary and/or supplemental vitamin C intake with BMD
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136 MORTON ET AL.

have been inconsistent. Some examined only dietary TABLE 1. AGE-ADJUSTED SAMPLE CHARACTERISTICS BY
sources of vitamin C and did not consider supplemental ViTAMIN C SUPPLEMENT USE IN WOMEN FROM RANCHO
intake®~" Others examined total intake but did not deter BErNARDO, CA, FROM 198870 1991

mine whether vitamin C supplement users differ from
nonuser$? % or whether the effect was additive or inter

Vitamin C supplements

active with calcium supplementation or estrogen use. Nonusers Users

The purpose of the present study was to examine the Variable (n=717) (n = 277)
independent relation between vitamin C supplement use ard
BMD at five skeletal sites in a community-dwelling popuMeans .
lation of postmenopausal women who had a high prevalencég"‘:\’/ﬁ (not age adjusted) 24772'9 24731'8
of vitamin C, calcium, and estrogen use. Age at menopause 16.7 16.5

Years since menopause 26.2 25.5
Percents
MATERIALS AND METHODS Age categories (not age
. adjusted)

Between 1972 gnd 1974, 8_2% of all adult residents of the 50-59 years 10.2 13.7
southern California community of Rancho Bernardio= 60—69 years 26.8 25.6
6339) were surveyed to estimate the prevalence of heart 70_79 years 34.9 36.1
disease risk factors:*?’From February 1988 to November 8o+ years 282 26.4
1991, 80% of surviving noninstitutionalized postmeno- Current smoking 9.8 11.2
pausal women from the Rancho Bernardo cohort partici- Alcohol (any in past month) 74.3 75.8
pated in a study of osteoporo$tg) All were white, ambu Exercise (3 times/week) 66.3 66.4
latory, and gave written informed consent. Self-reported osteoarthritis 57.4 67.7*

Standardized questionnaires were used to obtain informa-Thyroid hormon& 19.3 20.9
tion about alcohol intake, tobacco use, physical activity, Thiazide$ 24.7 18.1*
disease history, reproductive status, medication, and nutri-Corticosteroids (oraf) 31 1.8
tional supplement use. Information on all nutritional sup- Estrogefi 32.6 50.2%**
plements and medications, including current use, dose, andcalcium supplemerts 32.0 60.7%**
duration, were obtained and validated by a nurse who ex-Multivitamin supplements 39.7 2.7

amined pills _and prescriptions brought to the c_Iinic for tha_lt *p < 0.05: *p < 0.01; *p < 0.001.
purpose. Height and weight were measured with the partic-a,gicates current use of medication/supplement.
ipant wearing light clothing and no shoes. Body mass index
(BMI) was calculated as weight (kg) divided by heighm

BMD, defined as total bone mineral content (g) divided
by the area (crf) was measured at the ultradistal radius angtratified by vitamin C use, dose, and estrogen and/or cal-
midshaft radius of the nondominant arm using single phot@ium supplement use before and after adjusting for covari-
absorptiometry (Lunar model SP2B; Lunar, Madison, Whtes® Pearson correlation coefficients were calculated to
USA). Ultradistal radius BMD was defined as the lowesiest the relation of vitamin C dose and duration with BMD
mean BMD of four adjacent scanned lines from a total of 1@vels. Significant differences in mean values were deter-
lines. Midshaft radius BMD was the mean of four scanneghined using 95% Cls ang values with a two-tailed test of
lines at the proximal one-third of the radius. The Lunar bongignificance.
densitometer was calibrated daily, using a phantom or cal-
ibration standard. Measurements were maintained within
the manufacturer’'s precision standards=e7.0% for the RESULTS
ultradistal radius and 1.0% for the midshaft radius. Femoral
neck, total hip, and lumbar spine BMD were measured by Participants in the study were 994 postmenopausal
dual-energy X-ray absorptiometry (DXA; Hologic QDR-women, aged 50-98 years, with an overall mean age of 72
1000; Hologic, Inc., Waltham, MA, USA). Total hip BMD years. These women were an average of 26 years postmeno-
included the femoral neck, greater trochanter, and intgrausal. Twenty-eight percem & 277) were regular daily
trochanteric region. Spine BMD included lumbar verteusers of vitamin C supplements. Compared with nonusers,
brae 1-4. Axial scans were standardized daily againstviiamin C users were significantly more likely to currently
phantom. Precision error of this instrument was approxitse estrogen and take calcium and multivitamin supple-
mately 1%. ments (Table 1). They also were significantly more likely to

All BMD levels were distributed normally making trans-have physician-diagnosed (self-reported) osteoarthritis and
formations unnecessary. The direct method was used dignificantly less likely to be taking thiazides. They were
calculate age adjustment using all 994 women. The Mant&hilar to nonusers of vitamin C with respect to age, BMI,
Haenszel statistic with a two-tailed test of significanees{ use of oral steroids, physical activity, cigarette smoking, and
0.05) was calculated to determine statistically significariicohol use.
differences in adjusted proportions. The SAS generalizedDaily vitamin C supplement users had significantly
linear model procedure was used to compare BMD levetisgher BMD levels p < 0.02) at the midshaft radius,
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VITAMIN C SUPPLEMENTS AND BMD 137

TABLE 2. MEAN BMD LEVELS (95% Ck/P VALUES) STRATIFIED BY CURRENT VITAMIN C SUPPLEMENT USE IN WOMEN
FROM RANCHO BERNARDO, CA, FROM 1988710 1991

Vitamin C supplements

Percent
Measurement site Nonusersif = 717) Users i = 277) p Value 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 estrogén)  0.236 (0.230,0.242) 0.249 (0.237,0.261) 0.08 55

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 15

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.
aCovariates: age, BMI, exercise, alcohol, current smoking, calcium supplements, multivitamin supplements, thiazides, curre
estrogen, thyroid hormone, oral corticosteroids, and physician diagnosed osteoarthritis.

femoral neck, and total hip when compared with nonusetaking vitamin C supplements for 5 or more years, and 56%
after adjustment for age, BMI, and calcium supplement used been taking vitamin C for 10 or more years. BMD levels
(Table 2). A similar pattern was observed at the lumbavere not significantly correlated with duration of use nor
spine p < 0.09). Differences in BMD levels remained atwere there any differences when users were stratified into
the femoral necky( < 0.02) and total hipf{ < 0.06) when two groups, less than 10 years € 119, 43.6%) versus 10
all covariates were added to the model. Multiply adjustegk more yearsr( = 154, 56.4%) of use (data not shown).
BMD levels were 4.1% higher at the femoral neck in cyrrent users of both estrogen and vitamin C supplements
women using vitamin C supplements. Interactions betwe@ig significantly higher BMD levels at all sites compared
vitamin C use and multivitamin use, calcium supplements;itn women not taking estrogen and not taking vitamin C
and current estrogen, as well as calcium supplements a(rﬁqg 2). The difference in BMD levels ranged from 8.4% at
r’r:ultivitamin use were not significant in any of these mody,o"fomoral neck to 16.6% at the ultradistal radius. Among
els. N urrent estrogen users, those taking vitamin C had higher
Dose of vitamin C supplements ranged from 70 to 500BMD levels gt all sites with margin%l significance at tghe

mg/day with a mean of 745 mg and a median of 50 Itradistal radiusff < 0.07, 7.7%) and femoral neck &

mg/day. Fifty-six percent of vitamin C users took 50 N
mg/day, and 22% took 1000 mg/day. Two women used(gaw’ 4.3%). A similar pattern also was observed among

vitamin C dose between 500 and 1000 mg/day and wehgnestrogen users, though the differences were not statisti-

excluded from the dose analysis. BMD levels stratified int6®Y Significant.

three groups, nonusers, users of less than or equal to gofurther stratification of vitqmin C supplement use into four
mg/ day 6 = 188 or 68% of vitamin C users), and users 08rOUPS, no estrogen/no calcium supplements-(415), cal-
1000+ mg/day @ = 85 or 30.7% of vitamin C users), UM supplements onlyn(= 206), estrogen onlyn(= 182),
showed a pattern of increased bone mass at all sites &l estrogen plus calcium supplements=( 191), showed
significantly higher BMD p < 0.05) at the ultradistal radius consistently at all five sites that women taking vitamin C and
for women taking the highest doses. A significant lineagalcium supplements plus estrogen had the highest bone mass
trend across the three groups was observed at the same (&i@. 3). These differences were significant at the femoral neck
(Fig. 1). (p = 0.0001), total hipig = 0.05), and ultradistal radiup &

Mean duration of use of vitamin C supplements was 12@102) compared with women taking calcium supplements plus
years. Seventy-eight percent of vitamin C users had beestrogen but not vitamin C.
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) ) FIG. 2. Mean BMD levels (adjusted for all covariates:
FIG. 1. Mean BMD levels (adjusted for all covariates:age BMI, exercise, alcohol, current smoking, calcium sup-
age, BMI, exercise, alcohol, current smoking, calcium supjements, multivitamin supplements, thiazides, thyroid hor-
plements, multivitamin supplements, thiazides, thyroid hofnone, oral steroids, and physician diagnosed osteoarthritis;
mone, oral steroids, and physician diagnosed osteoarthritgos, Cls) stratified by current estrogen use and current

95% Cls) stratified by dose (note that only 2 women us&giamin C supplement use in women from Rancho Ber-
vitamin C at a dose level between 500 and 1000 mg) @frdo, CA from 1988 to 1991.

current vitamin C supplement use in women from Rancho
Bernardo, CA from 1988 to 1991.

In general, these results are in accord with two previous
studies that have examined the relation of BMD and dietary
vitamin C®” and found positive associations at the ultra

DISCUSSION distal and distal radii, and at the femoral neck and total hip,
respectively. However, one of these studies was among
Among these community-dwelling postmenopausaldolescent®’ a period of bone formation as opposed to
women, 28% were regular daily users of vitamin C supplésone loss, and the other among women who were less than
ments, a prevalence slightly lower than the 34% usekD years postmenopaus$&lResults from the present study
by postmenopausal women reported from U.S. nationate similar to results from one study that accounted for both
data*® and the 36% reported from the Seattle site of thdietary and supplemental vitamin C intake by Sowers et
Fracture Intervention Triat® Sowers and colleagu&sre-  al.® who found a nonsignificant positive association of
ported more than one-third of the women in the rural lowtotal vitamin C intake at the midshaft radius. In contrast,
study used some form of nutritional supplements, whicWang et af*” found dietary but not supplemental vitamin
included vitamin C. In a study of bone mass in Mexica€ or total vitamin C intake to be marginally positively €
American postmenopausal wom@n, data from Scet 0.07) associated with BMD levels; the most significant
land®19 and the Postmenopausal Estrogen/Progestin-Inteiifferences were at the femoral neck, as in the present study.
ventions (PEPI) Triaf” prevalence of vitamin C supple However, these results are difficult to interpret because the
ment use was not reported separately. number of women using vitamin C supplements was not
Women from Rancho Bernardo, CA, who were vitamin Ceported nor was a stratified analysis of BMD across dose
supplement users had significantly higher BMD levels at tHevels conducted.
femoral neck p < 0.02) while controlling for all covariates. We found no association of vitamin C supplement use
Significantly higher bone mass at the midshaft radus( with bone mass at the lumbar spine, in contrast to New et
0.02) and total hipf{ < 0.02) was observed while control-al.® who examined premenopausal women and found
ling for age, BMI, and use of calcium supplements. Differamong those in the highest quartile of total intake of vitamin
ences in BMD levels ranged from 2.5% to 4.1% higher tha@, lumbar spine BMD levels were significantly higher;
among the nonusers. vitamin C supplement users were not analyzed separately.
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The daily dose of vitamin C from supplements amongtrong and consistent associations of dose/duration of vita-
women from Rancho Bernardo, CA, was substantialljnin C supplement use and bone mass in Rancho Bernardo,
higher (mean= 745 mg; median= 500 mg) than either CA, may be caused by a lack of variation in the distribution
vitamin C from supplement use, dietary intake, or totadf the dose/duration variables. Most vitamin C users were
vitamin C dose reported in other studies, as well as thgking relatively high doses for many years.
national average of non-Hispanic white women over 50 eveille et al'*® reported that among women aged 5564
years old (94-112 mdj}? Hall and Greendal reported years who never used estrogen, femoral neck BMD was
dietary vitamin C intake as 140 mg/day among the PERlgher among those who had taken vitamin C supplements
women. Leveille et af® found mean dose from supple for |onger than 10 years and suggested that vitamin C might
ments was 295 mg/day and total intake was 407 mg/dgye most beneficial during the early postmenopausal years,
New and colleague¥ rer))orted total mean intake as 126,44 estrogen use might obscure the more moderate effects
mg/day, and Wang et &l found a dose of 139 mg/day for ot \itamin C. We did not find that to be true in our data.
dietary vitamin C apd 294 mg/dgy for vitamin C supplement,ncho Bernardo women currently taking estrogen and
use. We did not find any significant correlations betweep),,in ¢ supplements had the highest bone mass at all five

vitamin C dose and BMD levels at any site or when straf;, . o
o ; . . ites p < 0.05), suggesting an additive effect. Among
ified by a median split {500 mg vs. 506- mg), possibly current estrogen users, vitamin C supplement users had

because the majority of women were taking 500 mg or rnc?F%arginally higher BMD levels at the ultradistal radius and

(87%). Further stratification showed a significant assougl-moraI neck. Amond nonestrogen users. BMD levels were
tion of vitamin C dose and bone density at the ultradistar. U 9 ogen ' .
ghtly higher for users of vitamin C supplements. It is

radius among women whose daily supplement intake wgs:. .
icult to compare our estrogen results with Wang et

1000 mg or more when compared With nonusers. Thy o7’y 2nd” Greendal or Sowers et af because
finding is in accord with the observation that 75% or mor@" ’ )

of vitamin C is absorbed at an intake of 180 mg of vitamif€y did not analyze the relation of estrogen plus vitamin C
C, and pharmacokinetic studies show the intestine has %€ t0 bone mass; they reported only the effect of estrogen
absorption capacity of approximately 3 g/day of ascorbi¢S€ as a confoundlng _vanable in their regression models.
acid before the kidney effectively eliminates the exd®ss.Additionally, subjects in the study from New and col-
Therefore, women taking higher doses would be expected!&ggueS” were all premenopausal and not using estrogen.
have higher serum vitamin C levels presumably enhancingRecently, Nieves et & reviewed 20 clinical trials of
the potential bone-preserving effects. estrogen therapy alone or in combination with added dietary
We found no association of duration of vitamin C supcalcium and found that higher calcium intake potentiated
plement use and BMD at any site, in contrast to Leveille aritie beneficial effects of estrogen on bone at the hip, spine,
colleague$® who reported that women who took highand forearm. Data from the present study add a new dimen-
doses of vitamin C supplements for at least 10 years haibn to the Nieves et & results because Rancho Bernardo
higher BMD levels at the femoral neck. The lack of anyvomen taking vitamin C plus calcium and estrogen had
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13.5% higher BMD at the wrist, 9.5% higher BMD at the 5. Sauberlich HE 1994 Pharmacology of vitamin C. Annu Rev
femoral neck, and 6.0% higher BMD at the total hip. Nutr 14:371-391. _ .

One limitation of this study is that we did not obtain & ﬁGblg:”Zﬁ dM\’/iIt_aer?]ri]rq]agn ESH %z?jfcg'resta&’ ?(f‘r'g:;mv (S:gtrl:i:iatleczjirf]?jt'
serum levels of \_/|_tam|n C. I-T)ate.‘ from the second National trabecular bone mineral (?ensity in healthy children and ado-
Health and Nutrmon_ Exa_tmlnatlon S_urvey (NHANES 1) |escents. Acta Paediag?:388—392.
have shown serum vitamin C levels in supplement users 9. Hall S, Greendale GA 1998 The relation of dietary vitamin C
be significantly lower in smokers compared with nonsmok- intake to bone mineral density: Results form the PEPI study.
ers* Although there were relatively few current smokers ~ Calcif Tissue Int63:183-189.
in the Rancho Bernardo cohort, there were more currerft: Sowers MR, Wallace RB, Lemke JH 1985 Correlates of mid-

. : radius bone density among postmenopausal women: A com-
smokers among the vitamin C supplement users compared munity study. Am J Clin Nut#1:1045-1053.

with nonusers (11.2% vs. 9.8%). The associations reportegl ney sa, Bolton-Smith C, Grubb DA, Reid DM 1997 Nutri-

here were adjusted for cigarette smoking, but smokers tak- tional influences on bone mineral density: A cross-sectional

ing vitamin C supplements may have had significantly study in premenopausal women. Am J Clin N66:1831—

lower serum vitamin C levels not accounted for by these 1839.

analyses. 10. New SA, Robins SP, Campbell MK, Martin JC, Garton MJ,
Misclassification among the nonusers of vitamin C may Bolton-Smith C, Grubb DA, Lee SJ, Reid DM 2000 Dietary

have occurred in the present study, because 40% of RanchoInﬂuences on bone mass and bone metabolism: Further evi-

. I - ) dence of a positive link between fruit and vegetable consump-

Bernardo women were taking multivitamin preparations, tion and bone health? Am J Clin Nufl:142—151.

which generally contain some vitamin C. However, thei. Criqui MH, Barrett-Connor EL, Austin M 1978 Differences

majority of the multivitamins used contained low to mod- between respondents and non-respondents in a population-

erate levels of vitamin C (35-90 mg). To reduce the effect based cardiovascular disease study. Am J Epidehiisi367—

of possible confounding, the variable “multivitamin use”

- - R . e 12, Bar.rett-Connor EL 1980 The prevalence of diabetes mellitus
was included in all multivariate models. If mlsclassmcatlor;nL in an adult community as determined by history or fasting

did occur, it would tend to weaken rather than overestimate yperglycemia. Am J Epidemidl11:705-712.

the observed associations of vitamin C use and bone mags. Blunt BA, Klauber MR, Barrett-Connor EL, Edelstein S 1994
A major strength of the present study is that current Sex differences in bone mineral density in 1653 men and

vitamin C supplement use and dosage were validated by women in the sixth through tenth decades of life: The Rancho

clinic nurses. Supplement use in all other studies referenced Bérnardo Study. J Bone Miner R6s1333-1338.

. 4. SAS Institute, Inc. 1988 SAS/STAT User’'s Guide, Version
was determined by recall. Nevertheless, although pre\;a- 6.03 edition, SAS Institute Inc., Cary, NC. USA, p. 1028,

lence of vitamin C ;upplement use by RanChO Bernardg  pjckinson VA, Block G, Russek-Cohen E 1994 Supplement
women was only slightly lower than national data, dose yse, other dietary and demographic variables, and serum vita-
levels were substantially higher than the national average of min C in NHANES 1. J Am Coll Nutr13:22-32.

reported use. These data, concordant with several otliér Leveille SG, LaCroix AZ, Keopsell TD, Beresford SA, Van
studies, support the thesis that regular daily use of vitamin Belle G, Buchner DM 1997 Dietary vitamin C and bone

; ; _mineral density in postmenopausal women in Washington
C supplements may help increase bone mass in postmeno state, USA. J Epidemiol Commun Heali1:479—485.

pausal women at the femoral neck and total hip. Vitamin ¢, Wang MC, Luz Villa M, Marcus R, Kelsey JL 1997 Associ-
alone cannot replace the doc'umented benefits of estrogen ations of vitamin C, calcium and protein with bone mass in
replacement therapy and calcium supplements, but appearspostmenopausal Mexican American women. Osteoporos Int
to have an additive effect. The optimal dose cannot be deter- 7:533-538. _ _

mined from the present report, but the highest BMD level3. Alaimo K, McDowell M, Briefel RR, Bischof AM, Caughman

were observed among women taking 1000 mg/day or more CR, Loria CM, Johnson CL 1994 Dietary intake of vitamins,
" minerals, and fiber of persons ages 2 months and over in the

United States: Third National Health and Nutrition Examina-
tion Survey, Phase 1, 1988-1991. Advance data from vital and
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