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VITAMIN D: 
IS THE RDA ENOUGH? 



INTRODUCTION: VITAMIN D 
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•  Found naturally in few foods 
•  Produced endogenously when ultraviolet rays strike 

the skin 
•  Promotes calcium absorption in the gut 

•  bone growth and bone remodeling by osteoblasts and osteoclasts[1,2] 

•  Other roles in the body 
•  modulation of cell growth 
•  neuromuscular and immune function 
•  reduction of inflammation[1,3,4] 

•  genes encoding proteins that regulate cell proliferation, differentiation, and apoptosis are 
modulated in part by vitamin D [1]. 



Age Male Female Preg. 
 
Lact. 
 

0–6 
months 

1,000 IU 
(25 mcg) 

1,000 IU 
(25 mcg)     

7–12 
months 

1,500 IU 
(38 mcg) 

1,500 IU 
(38 mcg)     

1–3 
years 

2,500 IU 
(63 mcg) 

2,500 IU 
(63 mcg)     

4–8 
years 

3,000 IU 
(75 mcg) 

3,000 IU 
(75 mcg)     

≥9 
years  

4,000 IU 
(100 mcg) 

4,000 IU 
(100 mcg) 

4,000 IU 
(100 mcg) 

4,000 IU 
(100 mcg) 

Age Male Female Preg. Lact. 

0–12 
months* 

400 IU 
(10 mcg) 

400 IU 
(10 mcg)     

1–13 
years 

600 IU 
(15 mcg) 

600 IU 
(15 mcg)     

14–18 
years 

600 IU 
(15 mcg) 

600 IU 
(15 mcg) 

600 IU 
(15 mcg) 

600 IU 
(15 mcg) 

19–50 
years 

600 IU 
(15 mcg) 

600 IU 
(15 mcg) 

600 IU 
(15 mcg) 

600 IU 
(15 mcg) 

51–70 
years 

600 IU 
(15 mcg) 

600 IU 
(15 mcg)     

>70 
years 

800 IU 
(20 mcg) 

800 IU 
(20 mcg)     

Recommended Dietary Allowances 
(RDAs) for Vitamin D [1] 

 

Tolerable Upper Intake Levels 
(ULs) for Vitamin D [1] 
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* Adequate Intake (AI) 



SERUM 25-HYDROXYVITAMIN D [25(OH)D] 
CONCENTRATIONS AND HEALTH [1] 
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nmol/L** ng/ml* Health Status 
<30 <12 Associated with vitamin D deficiency leading to rickets in infants and 

children and osteomalacia in adults 
30-50 12-20 Generally considered inadequate for bone and overall health in healthy 

individuals 
≥50 ≥20 Generally considered adequate for bone and overall heath in healthy 

individuals 
>125 >50 Emerging evidence links potential adverse effects to such high levels, 

particularly >150 nmol/L (>60 ng/mL) 

* Serum concentrations of 25(OH)D are reported in both nanomoles per liter (nmol/L) and 
nanograms per milliliter (ng/mL). 
** 1 nmol/L = 0.4 ng/mL 



THE CONTROVERSY 
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•  Some argue that doses of vitamin D higher than 
the current RDA provide added health benefits 

•  Some counter that long-term supplementation 
above RDA may have negative effects. 



WHY HIGHER DOSES OF VITAMIN D 
MAY BE WARRANTED 
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•  Endogenous production is probably not enough 
•  Indoor-bound, sedentary jobs 
•  Seasonality 
•  Increased use of sunscreen 
•  Age 
•  Latitude 



THE CONTROVERSY: PRO 
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•  Why? 
•  We aren’t getting enough from the diet 
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•  Unless you live in the South AND spend a fair 
amount of time outdoors 

OR 
•  Like to eating fatty fish and vitamin D fortified 

foods 
You may be at risk for Vitamin D Deficiency 

(subclinical)  



NOT JUST BONES… 
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•  Nuclear receptors for the vitamin have been 
found in over 30 organs, including bone, 
intestine, kidney, lung, muscle, and skin.  

396 C H A P T E R  10 ! The Fat-Soluble Vitamins

In target tissues, calcitriol binds to nuclear VDR, and 
this interaction in turn initiates a conformational change 
in the newly formed complex. The 1,25-(OH)2 D3–VDR 
complex is phosphorylated and then thought to bind with 
retinoid X or retinoic acid receptors (RXR or RAR) to 
form a heterodimeric complex as shown in Figure 10.13. 
The VDR portion of the heterodimeric complex contains 
regions with zinc fingers (see Chapter 12, page 494) that 
can  interact with specific vitamin D response elements 
(abbreviated VDRE), found in the promoter regions of 
specific target genes (Figure 10.13). Once the heterodi-
meric complex is bound to the VDRE, additional comodu-
latory (either coactivator or corepressor) proteins may fur-
ther interact with the heterodimeric complex to influence 
(enhance or inhibit) the transcription of genes coding for 
proteins. The mechanisms by which these comodulatory 
proteins function are mostly unknown, but they may help 
link the receptor to enzymes, such as RNA polymerase II, 
or to other components such as transcription factors nec-
essary for transcription [12]. The comodulatory proteins 
are thought to include SRC-1, SRC-2, and SRC-3 (the 
SRC family) as well as NCoA-62 [12]. The proteins ulti-
mately resulting from vitamin D’s actions on the genes are 
typically involved in calcium homeostasis and include, for 
example, osteocalcin, 24 hydroxylase (CYP24), the epithe-
lial calcium channel transient receptor potential vanilloid-
type family member 6 (TRPV6), and calbindin.

As a hormone, one of calcitriol’s main functions in the 
body is acting with parathyroid hormone (PTH) in the 
homeostasis of blood calcium concentrations. In perform-
ing this function, calcitriol and PTH affect several tissues, 
including intestine, bone, and kidney (Figure 10.14). The 
effects of calcitriol and PTH on these tissues are discussed 
next, along with calcitriol’s role in cell differentiation, pro-
liferation, and growth.

Calcium Homeostasis

Calcitriol synthesis is stimulated in response to changes 
in blood calcium concentrations and the release of the 

hormone PTH. Hypocalcemia (low blood calcium) ini-
tially stimulates secretion of PTH from the parathyroid 
gland. The PTH, in turn, stimulates 1-hydroxylase in the 
kidney such that 25-OH D3 is converted to calcitriol. Cal-
citriol then acts alone or with PTH on its target tissues, 
causing serum calcium concentrations to rise. The three 
main target tissues are the intestine, kidney, and bone, as 
discussed below and shown in Figure 10.14.

Calcitriol and the Intestine A more thoroughly investi-
gated target tissue of calcitriol is the intestine (Figures 
10.14 and 10.15). The primary function of calcitriol in 
the intestine is increased absorption of calcium and phos-
phorus. The vitamin is believed to interact with both cell 
membrane receptors and nuclear receptors to affect gene 
expression and ultimately enhance calcium absorption.

With respect to calcium absorption, calcitriol, as a hor-
mone, interacts with high-affinity vitamin D receptors in 
the enterocyte and is carried to the nucleus, where it inter-
acts with specific genes encoding for proteins involved in 
calcium transport. As the result of this interaction, selec-
tive DNA transcriptions occur that result in biosynthesis 
of new messenger RNA (mRNA) molecules. These mRNA 
molecules are then translated on the endoplasmic reticu-
lum into selected proteins. The proteins may act at the 
brush border, in the cytoplasm, or at the basolateral mem-
brane of the intestinal cells, especially in the duodenum 
and jejunum, to promote calcium absorption. For example, 
calbindin D9k, a calcium-binding protein in the intestinal 
mucosa, is synthesized in response to the action of cal-
citriol. Calcitriol also induces the expression of epithelial 
cell calcium channels. TRPV6 is a calcium channel found 
in the brush border membrane of the duodenum. Messen-
ger RNA concentrations of TRPV6 appear to be regulated 
by calcitriol. The process by which vitamin D rapidly initi-
ates intestinal calcium absorption is called transcaltachia. 
The transcaltachic response is thought to involve endocy-
tosis of calcium across the brush border membrane, fol-
lowed by lysosome-mediated release of calcium within the 

Zn Zn

DNA

Nucleus

Cytosol

Heterodimer

Changes
in

protein
synthesis

Changes
in gene

transcription
VDR

Calcitriol

Retinoic
acid

or
retinoid

X
receptors

Vitamin D response
element (VDRE)

Comodulator

Figure .  
Proposed role of calcitriol 
in gene expression.



THE CONTROVERSY: CON 
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•  Long-term intakes above the UL increase the risk of adverse health effects[1] 

Most reports suggest a toxicity threshold for vitamin D of 10,000 to 40,000 IU/
day and serum 25(OH)D levels of 500–600 nmol/L (200–240 ng/mL).  

•  FNB pointed to emerging science from national survey data, observational 
studies, and clinical trials suggesting that even lower vitamin D intakes and 
serum 25(OH)D levels might have adverse health effects over time.  

•  The FNB concluded that serum 25(OH)D levels above approximately 125–
150 nmol/L (50–60 ng/mL) should be avoided, as even lower serum levels 
(approximately 75–120 nmol/L or 30–48 ng/mL) are associated with 
increases in all-cause mortality, greater risk of cancer at some sites like the 
pancreas, greater risk of cardiovascular events, and more falls and fractures 
among the elderly.  



THE IOM 
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•  Investigated the notion that, when it comes to 
dietary nutrients, “more is better” — a belief that 
has inspired a multibillion-dollar market for 
dietary supplements in the United States. 
Americans spent $1.2 billion last year on calcium 
supplements and $430 million on pills containing 
vitamin D, according to the Nutrition Business 
Journal.  



SO HOW MUCH VITAMIN D IS ACTUALLY 
ENOUGH? 
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The American Journal of Clinical Nutrition 
2008 

Kevin D Cashman, Tom R Hill, Alice J Lucey, Nicola Taylor, Kelly M Seamans et al. 

ESTIMATION OF THE DIETARY 
REQUIREMENT FOR VITAMIN D IN HEALTHY 

ADULTS 
 



BACKGROUND 
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•  It is well established that prolonged and severe 
clinical vitamin D deficiency, represented as 
serum or plasma 25-hydroxyvitamin D [25(OH)D] 
concentrations of <10–25 nmol/L, leads to 
rickets in children and osteomalacia in adults (1). 

•  Less severe vitamin D deficiency causes 
secondary hyperparathyroidism and increases 
bone turnover and bone loss (2-4). 



OBJECTIVE 
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•  Establish the distribution of dietary vitamin D 
required to maintain serum 25-hydroxyvitamin D 
[25(OH)D] concentrations above several 
proposed cutoffs (ie, 25, 37.5, 50, and 80 nmol/
L) during wintertime after adjustment for the 
effect of summer sunshine exposure and diet.  



SUBJECTS 
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•  245 healthy adults recruited 
•  Exclusion criteria: 

•  consumed vitamin D–containing supplements for 12 wk before initiation 
of the study  

•  planned to take a winter vacation to a location at which either the 
altitude or the latitude would be predicted to result in significant 
cutaneous vitamin D synthesis from solar radiation  

•  medical illness, hypercalcemia, known intestinal malabsorption 
syndrome, excessive alcohol use, current medications known to 
interfere with vitamin D metabolism 

•  pregnancy or plans to become pregnant  



METHODS 

NUTR 6460 UNIVERSITY OF UTAH 17 

•  Double-blind, placebo-controlled 
•  Participants at 2 centers received: 

•  D3 
•  22 weeks 
•  0 (placebo), 5, 10, 15 mcg/day 

•  Began intervention October 2- November 2 
•  Completed intervention February 27 – April 7 
•  Timespan which vitamin D status would be expected to 

decline 



METHODS 
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•  Measurements at baseline (wk. 0) and endpoint (wk. 22)  
•  Overnight fasting blood sample  

•  Anthropometric measurements  

•  Habitual intakes of calcium and vitamin D were estimated by using a validated food-
frequency questionnaire (FFQ) , administered by a research nutritionist;  

•  Health and lifestyle questionnaire, which assessed physical activity, general health, 
smoking status, and alcohol consumption, also was completed.  

•  Participants contacted monthly to promote compliance 
and encourage completion of the study protocol.  



LABORATORY ANALYSIS 
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•  Serum 25-hydroxyvitamin D 
•  Serum intact parathyroid hormone 
•  Serum total calcium 



FLOW OF SUBJECTS THROUGH 
STUDY 
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BASELINE CHARACTERISTICS 
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All Subjects Cork Coleraine 
Male:female (n)  111:111 54:54 57:56 
Age (y) 29.9 ± 6.22 28.7 ± 6.0 31.1 ± 6.33 
Weight (kg) 77.0 ± 15.8 76.6 ± 15.9 77.3 ± 15.7 
Height (m) 1.71 ± 0.09 1.72 ± 0.10 1.71 ± 0.08 
BMI (kg/m2)  26.1 ± 4.3 25.8 ± 4.0 26.3 ± 4.5 
Dietary calcium (mg/d) 976 (682–1301)4 955 (676–1301) 990 (718–1307) 
Dietary vitamin D (µg/d) 3.6 (2.1–5.4) 3.4 (2.1–5.1) 3.6 (2.3–5.7) 
Serum 25(OH)D (nmol/
L) 

70.3 (53.4–90.3) 76.2 (57.4–104.1) 64.9 (48.5–84.9)4 

Serum PTH (ng/mL) 43.8 (32.3–59.3) 43.6 (31.5–57.6) 44.1 (34.4–60.1) 
Serum calcium (mmol/
L)5 

8.8 ± 0.3 8.7 ± 0.3 8.9 ± 0.34 

Summer sun exposure 
preferences (%) 
    Sun avoiders 12.7 13.0 12.4 
    Some exposure 48.8 54.0 44.2 
    Frequent exposure 38.5 33.0 43.4 



BASELINE CHARACTERISTIC SUMMARY 
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•  baseline serum 25(OH)D concentrations did not differ by sex 
(P = 0.5) 
•  they differed significantly (P = 0.001) by center  

•  no significant between-center difference in habitual vitamin 
D or calcium intake in subjects at baseline 
•  men had significantly (P < 0.006) higher intakes of vitamin D and calcium than did 

women 
•  men typically have higher food and nutrient intakes than do women 

•  Baseline serum 25(OH)D concentrations in subjects: 
•  “often having exposure to summer sunshine” >> “avoiding” or “sometimes” having 

exposure to summer sunshine 
•  (P < 0.01) 



EFFECTS OF VITAMIN D INTERVENTION 
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•  Compliance did not differ significantly among the 4 
treatment groups (P = 0.7) 

•  There was a significant (P < 0.0001) effect of treatment on 
mean postintervention serum 25(OH)D concentrations, with 
clear dose-related increments with increasing supplemental 
vitamin D3 

•  No significant difference in mean postintervention serum 
albumin–corrected calcium concentrations among the 
treatment groups 



THE RELATION BETWEEN SERUM 25-HYDROXYVITAMIN D 
[25(OH)D] CONCENTRATIONS AND TOTAL VITAMIN D INTAKE 
(DIET AND SUPPLEMENTAL) 
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•  The slope of the relation between total vitamin D intake and serum 25(OH)D 
concentrations in the entire group was 1.96 nmol/L·µg intake.  



ESTIMATED DIETARY REQUIREMENTS FOR VITAMIN D AT SELECTED 
PERCENTILES IN 215 MEN AND WOMEN AGED 20–40 Y TO MAINTAIN SERUM 
25-HYDROXYVITAMIN D [25(OH)D] CONCENTRATIONS ABOVE SELECTED 
BIOCHEMICAL CUTOFFS DURING WINTER 
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Cutoff 50th percentile 90th percentile 95th percentile 97.5th percentile 

µg/d 
 

Serum 25(OH)D 
>25 nmol/L 

— 2.7 (0.0, 4.7) 5.9 (3.6, 8.0) 8.7 (6.5, 11.1) 

Serum 25(OH)D 
>37.5 nmol/L 

2.3 (0.0, 4.2) 13.8 (12.1, 15.9) 17.0 (14.8, 19.9) 19.9 (17.2, 23.5) 

Serum 25(OH)D 
>50 nmol/L 

10.2 (8.9, 11.4) 21.7 (19.3, 25.0) 25.0 (21.9, 29.1) 28.0 (24.2, 32.8) 

Serum 25(OH)D 
>80 nmol/L 

23.1 (21.0, 26.0) 34.8 (30.4, 40.6) 38.3 (33.0, 44.8) 41.1 (35.4, 48.7) 



CONCLUSIONS 
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•  Daily intake of 8.7 µg vitamin D/d maintained serum 
25(OH)D concentrations >25 nmol/L in 97.5% of the 
sample. 

•  Vitamin D intakes required to ensure maintenance of 
wintertime vitamin D status [as defined by incremental 
cutoffs of serum 25(OH)D] >97.5% adults, considering a 
variety of sun exposure preferences, is between 7.2 and 
41.1 microg/d. 



DISCUSSION & CLINICAL IMPLICATIONS 
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•  Available data about the relative contribution of 
sunshine and diet to vitamin D status and vitamin D 
requirements for health maintenance have presented 
international authorities with considerable difficulty in 
setting dietary requirements for vitamin D.  

•  RDA is in range estimated to keep serum levels 
adequate. 
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The British Medical Journal 
March 2003 

Daksha P Trivedi, Richard Doll, Kay Tee Khaw 

EFFECT OF FOUR MONTHLY ORAL VITAMIN 
D3 (CHOLECALCIFEROL) 

SUPPLEMENTATION ON FRACTURES AND 
MORTALITY IN MEN AND WOMEN LIVING IN 
THE COMMUNITY: RANDOMISED DOUBLE 

BLIND CONTROLLED TRIAL 



OBJECTIVE 

NUTR 6460 UNIVERSITY OF UTAH 29 

•  To determine the effect of four monthly vitamin D 
supplementation on the rate of fractures in men 
and women aged 65 years and over living in the 
Suffolk, UK community 



SUBJECTS 
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•  Invitations sent through mail to 11,120 people 
from a Hospital general practice register 

•  3504 responded 
•  Exclusion criteria: 

•  People already taking Vitamin D supplements 
•  People with contraindications to vitamin D supplementation  

•  Renal Stones 
•  Sarcoidosis 

•  Existing Cancer 

•  2686 people (2037 men, 649 women) qualified 



INTERVENTION 
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•  Randomized double blind protocol 
•  One capsule 100,000 IU Vitamin D or matching placebo 
•  Mailed to subjects 
•  Required to complete & mail back a form that indicated 

that took the capsule 

•  Subjects continued any usual drug treatment 
•  If advised to take vitamin D supplements duringthe study (>200IU), discontinued from trial 



ASSESSMENT 
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•  During study: 

•  Questionnaire of “major events” 
•  Fracture 

•  Major Illness 

•  Death (by death certificate) 



ASSESSMENT 
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•  After 4 years: 
•  Measurement of serum vitamin D 
•  Parathyroid hormone 
•  Heel bone sonometry 



RESULTS 
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•  Compliance was not sig. diff. between groups 
•  Withdrawal rate was not sig. diff. between 

groups 
•  Parathyroid hormone levels were not sig. diff. 

between groups 
•  Heel ultrasound measures did not differ by 

treatment. 



RESULTS: VITAMIN D LEVELS 

NUTR 6460 UNIVERSITY OF UTAH 35 

hood of accurate ascertainment of events. Fracture
rates did not differ significantly between doctors and
the general practice population, indicating that people
in the general community report fracture accurately,
an assumption supported by several studies.13 14

Comparisons with previous studies
Several studies report that daily supplementation with
vitamin D and calcium reduces fractures.2 3 Chapuy
reported that daily supplementation with vitamin D
800 IU and calcium reduced hip fractures by 30% over
three years in 3270 elderly women.2 Whether calcium
alone, vitamin D alone, or the combination was
responsible for these effects is not clear. In our study
the effect size of isolated vitamin D supplementation—
about 20% reduction in total fractures and 30% reduc-
tion in fractures at major osteoporotic sites—is
comparable to that reported by Chapuy for combined
daily vitamin D and calcium.2

Previous studies of isolated vitamin D supplemen-
tation have been inconclusive.15–17 The lack of
significant reduction in fractures in these studies could
be explained by a lack of power due to a lower dose of
supplement, shorter duration, or lower number of
events as well as ineffectiveness of vitamin D. Lips
found no protective effect of vitamin D 400 IU daily in
1578 participants.16 This dose may have been too low
to achieve a clinical effect. In our study the four
monthly 100 000 IU dose averages a daily equivalent
similar to the 800 IU vitamin D used in the trials by
Chapuy and Dawson Hughes.2 3 Heikinheimo, using
annual injections of 150 000-300 000 IU in 899
participants, reported a reduction in fractures of the
upper limb but not the lower limb.17 This study was not
properly randomised or blinded, and a single annual
dose may not provide adequate concentrations in the
blood over a whole year.

Vitamin D may protect against fractures through
concentrations of parathyroid hormone. Low concen-
trations of vitamin D are associated with increased
concentrations of parathyroid hormone, increased
bone resorption, and lower bone mass.9–11 The 40%
higher mean concentrations of vitamin D seen in the
active treatment group in our trial were still not high
in absolute terms. Parathyroid hormone concentra-
tions were only slightly and not significantly lower.
This suggests that 100 000 IU vitamin D four monthly
may not have lowered parathyroid hormone concen-
trations adequately, and a more frequent dose might
be considered in future trials.

We found no significant effects of vitamin D on
total mortality or incidence of cancer or cardiovas-
cular disease, as suggested by observational studies.18 19

However, the fact that the relative risks were in a
favourable direction in the active treatment group is
reassuring.

Table 4 Incidence of cardiovascular disease, cancer, and other health events 1996-2002
and age adjusted relative risks, according to treatment allocation at randomisation
(intention to treat) in 2686 men and women aged 65-85 years. Values are numbers
(percentages) unless stated otherwise

Health event Vitamin D Placebo
Age adjusted relative

risk (95% CI) P value*

All (n=1345) (n=1341)
Cardiovascular disease† 477 (35.5) 503 (37.5) 0.90 (0.77 to 1.06) 0.22

Ischaemic heart disease 224 (16.7) 233 (17.4) 0.94 (0.77 to 1.15) 0.57
Cerebrovascular disease 105 (7.8) 101 (7.5) 1.02 (0.77 to 1.36) 0.87

Cancer† (any) 188 (14.0) 173 (12.9) 1.09 (0.86 to 1.36) 0.47
Cancer† (excluding skin) 144 (10.8) 130 (9.6) 1.11 (0.86 to 1.42) 0.43

Colon cancer 28 (2.1) 27 (2.0) 1.02 (0.60 to 1.74) 0.94
Respiratory cancer 17 (1.3) 15 (1.1) 1.12 (0.56 to 2.25) 0.75

Self reported falls‡ (n=1027) (n=1011)
254 (24.7) 261 (25.8) 0.93 (0.76 to 1.14) 0.50

Self reported health‡: (n=1017) (n=1002)
Excellent or good 788 (77.5) 760 (75.8) 1.13 (0.91 to 1.39) 0.27

Men (n=1019) (n=1018)
Cardiovascular disease† 392 (38.5) 412 (40.5) 0.91 (0.76 to 1.09) 0.30

Ischaemic heart disease 191 (18.7) 193 (19.0) 0.98 (0.78 to 1.22) 0.86
Cerebrovascular disease 86 (8.4) 85 (8.3) 0.99 (0.72 to 1.36) 0.96

Cancer† (any) 163 (16.0) 147 (14.4) 1.11 (0.87 to 1.42) 0.39
Cancer† (excluding skin) 129 (12.7) 111 (10.9) 1.17 (0.89 to 1.54) 0.26

Colon cancer 25 (2.5) 21 (2.1) 1.18 (0.65 to 2.12) 0.59
Respiratory cancer 17 (1.7) 13 (1.3) 1.29 (0.62 to 2.68) 0.49

Self reported falls‡ (n=757) (n=756)
154 (20.3) 169 (22.4) 0.87 (0.68 to 1.12) 0.27

Self reported health‡: (n=749) (n=750)
Excellent or good 577 (77.0) 582 (77.6) 1.00 (0.78 to 1.28) 0.99

Women (n=326) (n=323)
Cardiovascular disease† 85 (26.1) 91 (28.2) 0.89 (0.63 to 1.27) 0.52

Ischaemic heart disease 33 (10.1) 40 (12.4) 0.79 (0.48 to 1.29) 0.35
Cerebrovascular disease 19 (5.8) 16 (5.0) 1.19 (0.60 to 2.37) 0.62

Cancer† (any) 25 (7.2) 26 (8.0) 0.95 (0.54 to 1.68) 0.85
Cancer† (excluding skin) 15 (4.6) 19 (5.9) 0.77 (0.39 to 1.55) 0.47

Colon cancer 3 (0.9) 6 (1.9) 0.49 (0.12 to 1.98) 0.32
Respiratory cancer 0 2 (0.6) NA 0.16
Breast cancer 4 (1.2) 4 (1.2) 0.99 (0.25 to 3.99) 0.99

Self reported falls‡ (n=270) (n=255)
100 (37.0) 92 (36.1) 1.03 (0.72 to 1.48) 0.86

Self reported health‡: (n=268) (n=252)
Excellent or good 211 (78.7) 178 (70.6) 1.57 (1.05 to 2.35) 0.03

NA=not applicable.
*P value refers to difference between treatment groups.
†Self reported incidence or when indicated as cause of death anywhere on death certificate from mortality
certification; ICD coding as in table 3.
‡Data collected at end of trial; excludes missing data. Self reported falls are a positive response to the
question, “Have you had any falls in the past 12 months?”

Table 5 Bone heel ultrasound attenuation, velocity of sound, and concentrations of serum vitamin D and parathyroid hormone in subgroup of participants
from general practice. Values are means (standard deviations) unless stated otherwise

Measurement

All Men Women

Vitamin D
(n=124)

Placebo
(n=114) P value

Vitamin D
(n=65)

Placebo
(n=57) P value

Vitamin D
(n=59)

Placebo
(n=57) P value

Age (years) 76.1 (5.1) 75.4 (4.1) 0.20 75.7 (5.1) 75.0 (3.6) 0.37 76.6 (5.1) 75.7 (4.5) 0.33
Body mass index (kg/m2) 27.4 (4.2) 26.6 (4.2) 0.15 26.9 (4.0) 26.2 (3.0) 0.30 28.0 (4.5) 27.1 (5.1) 0.28
Vitamin D (nmol/l) 74.3 (20.7) 53.4 (21.1) <0.001 75.6 (19.0) 61.0 (21.5) <0.001 72.0 (22.5) 45.37 (17.6) <0.001
Parathyroid hormone (pmol/l) 5.2 (2.0) 5.5 (2.4) 0.25 4.8 (2.0) 5.0 (2.0) 0.68 5.6 (1.9) 6.13 (2.6) 0.25
Bone heel ultrasound attenuation

(dB/MHz)
74.4 (21.9) 72.3 (19.7) 0.45 89.1 (15.4) 83.5 (16.2) 0.05 57.9 (15.4) 60.95 (16.3) 0.30

Velocity of sound (m/s) 1618.1 (41.2) 1613.6 (38.6) 0.39 1641.1 (32.2) 1629.2 (34.5) 0.05 1592.4 (34.5) 1597.7 (36.2) 0.42
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nmol/L** ng/ml* Health Status 
<30 <12 Associated with vitamin D deficiency leading to rickets in infants and 

children and osteomalacia in adults 
30-50 12-20 Generally considered inadequate for bone and overall health in healthy 

individuals 
≥50 ≥20 Generally considered adequate for bone and overall heath in healthy 

individuals 
>125 >50 Emerging evidence links potential adverse effects to such high levels, 

particularly >150 nmol/L (>60 ng/mL) 

* Serum concentrations of 25(OH)D are reported in both nanomoles per liter (nmol/L) and 
nanograms per milliliter (ng/mL). 
** 1 nmol/L = 0.4 ng/mL 
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four months for five years (15 doses in total). We asked
participants to take the capsule immediately on
receipt, complete a form indicating that they had done
so, and return the form by Freepost.

The dose had previously been shown to be safe, to
raise blood 25-hydroxyvitamin D concentrations to
physiological levels achievable by lifestyle means, and
to have a measurable impact on concentrations of
parathyroid hormone over several weeks.9 The
expected differences in blood concentrations of
25-hydroxyvitamin D and parathyroid hormone are
associated with differences in bone density and fracture
risk.10 11

Participants continued any usual drug treatment
and any new drugs that were advised during routine
care. If they were advised to start vitamin D
supplements of more than 200 IU daily they discontin-
ued the trial intervention but continued to be followed
for endpoints.

Endpoint ascertainment
On receiving the capsule, participants filled in a check-
list of events (fracture or major illness) and returned
the form by Freepost. All participants were flagged at
the Office for National Statistics for mortality and
followed until 31 March 2002. A nosologist blind to the
intervention coded death certificates by using ICD-9
(international classification of diseases, 9th revision).
We ascertained incidences of fracture, cardiovascular
disease, and cancer by using events identified from
questionnaires or death certification by cause.

Serum 25-hydroxyvitamin D, parathyroid hormone,
and heel sonometry
After four years we invited 235 participants from gen-
eral practice who had taken at least 10 capsules to a
clinic for measurement of serum vitamin D and
parathyroid hormone concentrations. The visit took
place in September and October, about three weeks
after a dose. We assessed heel bone sonometry with
CUBA equipment (McCue Ultrasonics, Winchester).

Statistical analyses
We included all participants randomised to active vita-
min D or placebo in the analyses, according to
intention to treat. We compared relative risks for
incidence of fracture, mortality by cause, and incidence
of cardiovascular disease and cancer for active vitamin
D versus placebo by using crude rates and then, after
adjustment for age, with the Cox regression method,12

by using SPSS software, version 10.0.

Results

Characteristics of participants
Table 1 shows baseline descriptive data. Mean calcium
intake at four years was 742 mg/day and did not differ
by treatment allocation.

Incidence of fracture
Table 2 shows five year fracture rates. Participants in
the vitamin D treatment group had a 22% lower rate
for first fracture at any site and a 33% lower rate for a
fracture occurring in the hip, wrist or forearm, or

Table 1 Characteristics of 2037 men and 649 women aged 65-85 years at baseline in 1996, according to allocation to treatment with
vitamin D or placebo. Values are numbers (percentages) unless stated otherwise

Baseline variables

All Men Women

Vitamin D
(n=1345)

Placebo
(n=1341)

Vitamin D
(n=1019)

Placebo
(n=1018)

Vitamin D
(n=326)

Placebo
(n=323)

Mean (SD) age at randomisation (years) 74.8 (4.6) 74.7 (4.6) 75.2 (4.6) 75.0 (4.6) 73.7 (4.5) 73.6 (4.6)
Mean (SD) body mass index (kg/m2) 24.3 (3.4) 24.4 (3.0) 24.3 (3.3) 24.4 (2.7) 24.4 (3.8) 24.3 (3.8)
History of heart disease* 223 (16.6) 208 (15.5) 189 (18.5) 181 (17.8) 34 (10.4) 27 (8.4)
History of stroke 51 (3.8) 57 (4.3) 42 (4.1) 48 (4.7) 9 (2.8) 9 (2.8)
History of cardiovascular disease† 394 (29.3) 367 (27.4) 329 (32.3) 312 (30.6) 65 (19.9) 55 (17.0)
History of cancer‡ 82 (6.1) 79 (5.9) 67 (6.6) 69 (6.8) 15 (4.6) 10 (3.1)
Current smokers 59 (4.4) 53 (4.0) 39 (3.8) 29 (2.8) 20 (6.1) 24 (7.4)
Current use of steroids 60 (4.5) 70 (5.2) 42 (4.1) 53 (5.2) 18 (5.5) 17 (5.3)
Current use of hormone replacement therapy NA NA NA NA 21 (6.4) 21 (6.5)
Alcohol intake§: (n=1295) (n=1279) (n=972) (n=968) (n=323) (n=311)

Never 132 (10.2) 115 (9.0) 77 (7.9) 64 (6.6) 55 (17.0) 51 (16.4)
Occasional 197 (15.2) 205 (16.0) 102 (10.5) 115 (11.9) 95 (29.4) 90 (28.9)
Regular 966 (74.6) 959 (75.0) 793 (81.6) 789 (81.5) 173 (53.6) 170 (54.7)

Physical activity§: (n=1288) (n=1276) (n=969) (n=963) (n=319) (n=313)
Active or moderately active 1119 (86.9) 1133 (88.8) 840 (86.7) 852 (88.5) 279 (87.5) 281 (89.8)

NA=not applicable.
*Self reported angina, myocardial infarction, or ischaemic heart disease.
†Ischaemic heart disease, stroke, or other cardiovascular disease.
‡Includes self reported skin cancers (including melanoma), which comprise about 80% of prevalent cancer; people reporting cancer after randomisation but before
taking the first capsule are reported as prevalent cancer.
§Excludes missing data.
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Fig 1 Cumulative probability of any first fracture according to
treatment with vitamin D (n=1345) or placebo (n=1341), based on
Cox regression; difference between two groups, P=0.04
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vertebrae. The differences were consistent when strati-
fied by sex or by doctor versus general practice popu-
lation. We observed differences one year into the study
(fig 1).

Other health events
Table 3 shows cumulative mortality to March 2002.
The vitamin D group had slightly but not significantly
lower mortality from all causes, cardiovascular disease,
and cancer than the placebo group. Figure 2 shows the
cumulative probability of survival in the vitamin D
group compared with the placebo group over five
years. Table 4 shows the incidence of major health
events. These did not differ significantly between the
treatment groups.

Physiological variables and compliance
Table 5 shows mean serum concentrations of vitamin
D and parathyroid hormone and heel bone ultrasound
attenuation in the subgroup. Mean vitamin D concen-
trations were 40% higher in the active treatment group
than in the placebo group. Mean parathyroid
concentrations were 6% lower, but this difference was
not significant. Heel ultrasound measures did not differ
by treatment.

Compliance did not differ between doctors and the
general practice population or between the treatment
groups; 76% (2050/2686) of participants had at least
80% compliance (12/15 doses). Compliance for the
final dose was 66% (1784/2686); excluding partici-
pants who had died, we estimated compliance to be
80% (1784/2215). A total of 631 (23.5%) participants,
including those who died, did not complete the full five
years to March 2002—22.8% (307) in the vitamin D
group and 24.2% (324) in the placebo group (P=0.41).
No significant difference existed between the two
groups in the number known to be alive but who with-
drew (that is, discontinued questionnaire follow up)
from the study: 5.7% (77) in the placebo group and
6.2% (83) in the active group (P=0.64).

Discussion

Among men and women aged 65-85 living in the
general population, those allocated to supplementa-
tion with vitamin D had lower rates of fracture at any
site or at any major osteoporotic site (hip, wrist or fore-
arm, or vertebrae). We ascertained the incidence of

fracture through self report by questionnaire. This may
have led to ascertainment errors, but random errors
would underestimate associations. In this randomised
double blinded design, biased ascertainment between
the treatment groups is unlikely. Most of the
participants were doctors, which increases the likeli-

Table 2 Incidence of fractures based on self report or mortality certification 1996-2002
and age adjusted relative risks (Cox regression), according to treatment allocation at
randomisation (intention to treat) in 2686 men and women aged 65-85 years. Values
are numbers (percentages) unless stated otherwise

Fractures Vitamin D Placebo
Age adjusted relative

risk (95% CI) P value*

All (n=1345) (n=1341)
Any site 119 (8.8) 149 (11.1) 0.78 (0.61 to 0.99) 0.04
Hip, wrist or forearm, or vertebrae 60 (4.5) 87 (6.5) 0.67 (0.48 to 0.93) 0.02
Hip or wrist or forearm 43 (3.2) 62 (4.6) 0.67 (0.46 to 0.99) 0.04
Hip 21 (1.6) 24 (1.8) 0.85 (0.47 to 1.53) 0.59
Vertebrae 18 (1.3) 28 (2.1) 0.63 (0.35 to 1.14) 0.12
Men (n=1019) (n=1018)
Any site 77 (7.6) 91 (8.9) 0.83 (0.61 to 1.13) 0.24
Hip, wrist or forearm, or vertebrae 36 (3.5) 50 (4.9) 0.70 (0.46 to 1.08) 0.11
Hip or wrist or forearm 22 (2.2) 31 (3.0) 0.70 (0.40 to 1.20) 0.19
Hip 11 (1.1) 14 (1.4) 0.76 (0.35 to 1.67) 0.49
Vertebrae 14 (1.4) 22 (2.2) 0.62 (0.32 to 1.22) 0.17
Women (n=326) (n=323)
Any site 42 (12.9) 58 (18.0) 0.68 (0.46 to 1.01) 0.05
Hip, wrist or forearm, or vertebrae 24 (7.4) 37 (11.5) 0.61 (0.37 to 1.02) 0.06
Hip or wrist or forearm 21 (6.4) 31 (96) 0.64 (0.37 to 1.11) 0.11
Hip 10 (3.1) 10 (3.1) 0.98 (0.41 to 2.36) 0.97
Vertebrae 4 (1.2) 6 (1.9) 0.65 (0.18 to 2.30) 0.50

*P value (two sided) refers to difference between treatment groups.

Table 3 Mortality from all causes, cardiovascular disease, and cancer by death
certification 1996-2002 and age adjusted relative risks (Cox regression), according to
treatment allocation at randomisation (intention to treat) in 2686 men and women aged
65-85 years. Values are numbers (percentages) unless stated otherwise

Cause of death* Vitamin D Placebo
Age adjusted relative

risk (95% CI) P value†

All (n=1345) (n=1341)
All causes 224 (16.7) 247 (18.4) 0.88 (0.74 to 1.06) 0.18
Cardiovascular disease 101 (7.5) 117 (8.7) 0.84 (0.65 to 1.10) 0.20

Ischaemic heart disease 42 (3.1) 49 (3.7) 0.84 (0.56 to 1.27) 0.41
Cerebrovascular disease 28 (2.1) 26 (1.9) 1.04 (0.61 to 1.77) 0.89

Cancer 63 (4.7) 72 (5.4) 0.86 (0.61 to 1.20) 0.37
Colon 7 (0.5) 11 (0.8) 0.62 (0.24 to 1.60) 0.33
Respiratory 10 (0.7) 11 (0.8) 0.89 (0.38 to 2.09) 0.78

Men (n=1019) (n=1018)
All causes 199 (19.5) 220 (21.2) 0.88 (0.73 to 1.07) 0.19
Cardiovascular disease 90 (8.8) 106 (10.4) 0.83 (0.62 to 1.10) 0.19

Ischaemic heart disease 38 (3.7) 45 (4.4) 0.83 (0.54 to 1.28) 0.40
Cerebrovascular disease 24 (2.4) 25 (2.5) 0.92 (0.52 to 1.61) 0.77

Cancer 56 (5.5) 59 (5.8) 0.93 (0.64 to 1.34) 0.69
Colon 7 (0.7) 7 (0.7) 0.97 (0.34 to 2.78) 0.96
Respiratory 10 (1.0) 9 (0.9) 1.08 (0.44 to 2.65) 0.87

Women (n=326) (n=323)
All causes 25 (7.7) 27 (8.4) 0.91 (0.53 to 1.56) 0.73
Cardiovascular disease 11 (3.4) 11 (3.4) 0.99 (0.43 to 2.30) 0.99

Ischaemic heart disease 4 (1.2) 4 (1.2) 0.99 (0.25 to 3.96) 0.99
Cerebrovascular disease 4 (1.2) 1 (0.3) 3.98 (0.44 to 35.64) 0.22

Cancer 7 (2.1) 13 (4.0) 0.53 (0.21 to 1.33) 0.18
Colon 0 4 (1.2) NA 0.04
Respiratory 0 2 (0.6) NA 0.16
Breast 0 0 NA NA

NA=not applicable.
*Cardiovascular disease=ICD-9 codes 390.0-459.9; ischaemic heart disease=410.0-414.0; cerebrovascular
disease=430.0-438.0; cancer=140.0-239.9; colon cancer=153.0-154.8; respiratory cancer=160.0-165.9;
breast cancer=174.0-175.0; each as underlying cause.
†P value refers to difference between treatment groups.
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Fig 2 Cumulative survival according to treatment with vitamin D
(n=1345) or placebo (n=1341), based on Cox regression; no
significant difference between groups
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vertebrae. The differences were consistent when strati-
fied by sex or by doctor versus general practice popu-
lation. We observed differences one year into the study
(fig 1).

Other health events
Table 3 shows cumulative mortality to March 2002.
The vitamin D group had slightly but not significantly
lower mortality from all causes, cardiovascular disease,
and cancer than the placebo group. Figure 2 shows the
cumulative probability of survival in the vitamin D
group compared with the placebo group over five
years. Table 4 shows the incidence of major health
events. These did not differ significantly between the
treatment groups.

Physiological variables and compliance
Table 5 shows mean serum concentrations of vitamin
D and parathyroid hormone and heel bone ultrasound
attenuation in the subgroup. Mean vitamin D concen-
trations were 40% higher in the active treatment group
than in the placebo group. Mean parathyroid
concentrations were 6% lower, but this difference was
not significant. Heel ultrasound measures did not differ
by treatment.

Compliance did not differ between doctors and the
general practice population or between the treatment
groups; 76% (2050/2686) of participants had at least
80% compliance (12/15 doses). Compliance for the
final dose was 66% (1784/2686); excluding partici-
pants who had died, we estimated compliance to be
80% (1784/2215). A total of 631 (23.5%) participants,
including those who died, did not complete the full five
years to March 2002—22.8% (307) in the vitamin D
group and 24.2% (324) in the placebo group (P=0.41).
No significant difference existed between the two
groups in the number known to be alive but who with-
drew (that is, discontinued questionnaire follow up)
from the study: 5.7% (77) in the placebo group and
6.2% (83) in the active group (P=0.64).

Discussion

Among men and women aged 65-85 living in the
general population, those allocated to supplementa-
tion with vitamin D had lower rates of fracture at any
site or at any major osteoporotic site (hip, wrist or fore-
arm, or vertebrae). We ascertained the incidence of

fracture through self report by questionnaire. This may
have led to ascertainment errors, but random errors
would underestimate associations. In this randomised
double blinded design, biased ascertainment between
the treatment groups is unlikely. Most of the
participants were doctors, which increases the likeli-

Table 2 Incidence of fractures based on self report or mortality certification 1996-2002
and age adjusted relative risks (Cox regression), according to treatment allocation at
randomisation (intention to treat) in 2686 men and women aged 65-85 years. Values
are numbers (percentages) unless stated otherwise

Fractures Vitamin D Placebo
Age adjusted relative

risk (95% CI) P value*

All (n=1345) (n=1341)
Any site 119 (8.8) 149 (11.1) 0.78 (0.61 to 0.99) 0.04
Hip, wrist or forearm, or vertebrae 60 (4.5) 87 (6.5) 0.67 (0.48 to 0.93) 0.02
Hip or wrist or forearm 43 (3.2) 62 (4.6) 0.67 (0.46 to 0.99) 0.04
Hip 21 (1.6) 24 (1.8) 0.85 (0.47 to 1.53) 0.59
Vertebrae 18 (1.3) 28 (2.1) 0.63 (0.35 to 1.14) 0.12
Men (n=1019) (n=1018)
Any site 77 (7.6) 91 (8.9) 0.83 (0.61 to 1.13) 0.24
Hip, wrist or forearm, or vertebrae 36 (3.5) 50 (4.9) 0.70 (0.46 to 1.08) 0.11
Hip or wrist or forearm 22 (2.2) 31 (3.0) 0.70 (0.40 to 1.20) 0.19
Hip 11 (1.1) 14 (1.4) 0.76 (0.35 to 1.67) 0.49
Vertebrae 14 (1.4) 22 (2.2) 0.62 (0.32 to 1.22) 0.17
Women (n=326) (n=323)
Any site 42 (12.9) 58 (18.0) 0.68 (0.46 to 1.01) 0.05
Hip, wrist or forearm, or vertebrae 24 (7.4) 37 (11.5) 0.61 (0.37 to 1.02) 0.06
Hip or wrist or forearm 21 (6.4) 31 (96) 0.64 (0.37 to 1.11) 0.11
Hip 10 (3.1) 10 (3.1) 0.98 (0.41 to 2.36) 0.97
Vertebrae 4 (1.2) 6 (1.9) 0.65 (0.18 to 2.30) 0.50

*P value (two sided) refers to difference between treatment groups.

Table 3 Mortality from all causes, cardiovascular disease, and cancer by death
certification 1996-2002 and age adjusted relative risks (Cox regression), according to
treatment allocation at randomisation (intention to treat) in 2686 men and women aged
65-85 years. Values are numbers (percentages) unless stated otherwise

Cause of death* Vitamin D Placebo
Age adjusted relative

risk (95% CI) P value†

All (n=1345) (n=1341)
All causes 224 (16.7) 247 (18.4) 0.88 (0.74 to 1.06) 0.18
Cardiovascular disease 101 (7.5) 117 (8.7) 0.84 (0.65 to 1.10) 0.20

Ischaemic heart disease 42 (3.1) 49 (3.7) 0.84 (0.56 to 1.27) 0.41
Cerebrovascular disease 28 (2.1) 26 (1.9) 1.04 (0.61 to 1.77) 0.89

Cancer 63 (4.7) 72 (5.4) 0.86 (0.61 to 1.20) 0.37
Colon 7 (0.5) 11 (0.8) 0.62 (0.24 to 1.60) 0.33
Respiratory 10 (0.7) 11 (0.8) 0.89 (0.38 to 2.09) 0.78

Men (n=1019) (n=1018)
All causes 199 (19.5) 220 (21.2) 0.88 (0.73 to 1.07) 0.19
Cardiovascular disease 90 (8.8) 106 (10.4) 0.83 (0.62 to 1.10) 0.19

Ischaemic heart disease 38 (3.7) 45 (4.4) 0.83 (0.54 to 1.28) 0.40
Cerebrovascular disease 24 (2.4) 25 (2.5) 0.92 (0.52 to 1.61) 0.77

Cancer 56 (5.5) 59 (5.8) 0.93 (0.64 to 1.34) 0.69
Colon 7 (0.7) 7 (0.7) 0.97 (0.34 to 2.78) 0.96
Respiratory 10 (1.0) 9 (0.9) 1.08 (0.44 to 2.65) 0.87

Women (n=326) (n=323)
All causes 25 (7.7) 27 (8.4) 0.91 (0.53 to 1.56) 0.73
Cardiovascular disease 11 (3.4) 11 (3.4) 0.99 (0.43 to 2.30) 0.99

Ischaemic heart disease 4 (1.2) 4 (1.2) 0.99 (0.25 to 3.96) 0.99
Cerebrovascular disease 4 (1.2) 1 (0.3) 3.98 (0.44 to 35.64) 0.22

Cancer 7 (2.1) 13 (4.0) 0.53 (0.21 to 1.33) 0.18
Colon 0 4 (1.2) NA 0.04
Respiratory 0 2 (0.6) NA 0.16
Breast 0 0 NA NA

NA=not applicable.
*Cardiovascular disease=ICD-9 codes 390.0-459.9; ischaemic heart disease=410.0-414.0; cerebrovascular
disease=430.0-438.0; cancer=140.0-239.9; colon cancer=153.0-154.8; respiratory cancer=160.0-165.9;
breast cancer=174.0-175.0; each as underlying cause.
†P value refers to difference between treatment groups.
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Fig 2 Cumulative survival according to treatment with vitamin D
(n=1345) or placebo (n=1341), based on Cox regression; no
significant difference between groups
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No significant differences in: 
•  all-cause mortality 
•  cardiovascular disease 
•  cancer 
than the placebo group.   
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•  Participants in the vitamin D treatment group 
had a 22% lower rate for first fracture at any site 
and a 33% lower rate for a fracture occurring in 
the hip, wrist or forearm, or vertebrae  

•  No difference if mortality between groups 
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THE RESULTS OF RANDOMIZED
controlled trials investigating
the effects of cholecalciferol
(vitamin D) supplementation

on falls and fractures have been incon-
sistent.1-13 Some meta-analyses con-
clude that 700 to 800 IU of vitamin D
daily reduces fracture risk by 13% to
26%,14-18 whereas others conclude that
vitamin D is ineffective. A Cochrane
analysis19 and the Vitamin D Indi-
vidual Patient Analysis of Random-
ized Trials (DIPART) group,20 pub-
lished after this study commenced,
showed a nonstatistically significant in-
crease in hip fracture risk associated
with vitamin D supplementation.19-21

Studies have observed those living in
long-term care facilities as having
greater fracture risk reduction than
community-dwelling elders. Simi-
larly, fewer fractures were observed in
participants whose study treatment was
coadministered with calcium.4,5,16,22 Fur-
thermore, many studies have found
treatment adherence to be low1,2,6 and
fracture risk reduction was greater
among adherent than nonadherent pa-
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Context Improving vitamin D status may be an important modifiable risk factor to re-
duce falls and fractures; however, adherence to daily supplementation is typically poor.

Objective To determine whether a single annual dose of 500 000 IU of cholecalcif-
erol administered orally to older women in autumn or winter would improve adher-
ence and reduce the risk of falls and fracture.

Design, Setting, and Participants A double-blind, placebo-controlled trial of 2256
community-dwelling women, aged 70 years or older, considered to be at high risk of
fracture were recruited from June 2003 to June 2005 and were randomly assigned to
receive cholecalciferol or placebo each autumn to winter for 3 to 5 years. The study
concluded in 2008.

Intervention 500 000 IU of cholecalciferol or placebo.

Main Outcome Measures Falls and fractures were ascertained using monthly cal-
endars; details were confirmed by telephone interview. Fractures were radiologically
confirmed. In a substudy, 137 randomly selected participants underwent serial blood
sampling for 25-hydroxycholecalciferol and parathyroid hormone levels.

Results Women in the cholecalciferol (vitamin D) group had 171 fractures vs 135 in
the placebo group; 837 women in the vitamin D group fell 2892 times (rate, 83.4 per
100 person-years) while 769 women in the placebo group fell 2512 times (rate, 72.7
per 100 person-years; incidence rate ratio [RR], 1.15; 95% confidence interval [CI],
1.02-1.30; P=.03). The incidence RR for fracture in the vitamin D group was 1.26
(95% CI, 1.00-1.59; P=.047) vs the placebo group (rates per 100 person-years, 4.9
vitamin D vs 3.9 placebo). A temporal pattern was observed in a post hoc analysis of
falls. The incidence RR of falling in the vitamin D group vs the placebo group was 1.31
in the first 3 months after dosing and 1.13 during the following 9 months (test for
homogeneity; P = .02). In the substudy, the median baseline serum 25-
hydroxycholecalciferol was 49 nmol/L. Less than 3% of the substudy participants had
25-hydroxycholecalciferol levels lower than 25 nmol/L. In the vitamin D group, 25-
hydroxycholecalciferol levels increased at 1 month after dosing to approximately 120
nmol/L, were approximately 90 nmol/L at 3 months, and remained higher than the
placebo group 12 months after dosing.

Conclusion Among older community-dwelling women, annual oral administration
of high-dose cholecalciferol resulted in an increased risk of falls and fractures.

Trial Registration anzctr.org.au Identifier: ACTR12605000658617; isrctn.org Iden-
tifier: ISRCTN83409867
JAMA. 2010;303(18):1815-1822 www.jama.com

©2010 American Medical Association. All rights reserved. (Reprinted with Corrections) JAMA, May 12, 2010—Vol 303, No. 18 1815

 at University of Utah on March 21, 2012jama.ama-assn.orgDownloaded from 

Sanders KM, Stuart AL, Williamson EJ, et al. Annual high-dose oral vitamin D 
and falls and fractures in older women: a randomized controlled trial. JAMA. 
2010 May 12;303(18):1815-22. 



SERUM 25-HYDROXYVITAMIN D [25(OH)D] 
CONCENTRATIONS AND HEALTH [1] 
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nmol/L** ng/ml* Health Status 
<30 <12 Associated with vitamin D deficiency leading to rickets in infants and 

children and osteomalacia in adults 
30-50 12-20 Generally considered inadequate for bone and overall health in healthy 

individuals 
≥50 ≥20 Generally considered adequate for bone and overall heath in healthy 

individuals 
>125 >50 Emerging evidence links potential adverse effects to such high levels, 

particularly >150 nmol/L (>60 ng/mL) 

* Serum concentrations of 25(OH)D are reported in both nanomoles per liter (nmol/L) and 
nanograms per milliliter (ng/mL). 
** 1 nmol/L = 0.4 ng/mL 



WHAT THE IOM SAYS 
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•  “Practically all persons are sufficient at levels of 
50 nmol/L (20 ng/ml) and above” 

•  Serum concentrations of 25OHD above 
75nmol/L (30 ng/ml) are not associated with 
increased benefit 

Institute of Medicine, Food and Nutrition Board. Dietary Reference Intakes for 
Calcium and Vitamin D. Washington, DC: National Academy Press, 2010. 
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NOT THAT SIMPLE 
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•  “Extraskeletal benefits” 
•  Inconclusive studies 

•  Increased risk of prostate cancer with supplementation 



RDA? 
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•  Challenge with establishing generalized 
recommendation vs individual differences 



THE BIG QUESTION 
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•  What is the most appropriate 
•  General recommendation vs assessing status (and dosing accordingly)? 
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