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Methods and Results from the AHRQ-
Ottawa Evidence-Based Report on 
Effectiveness and Safety of Vitamin 

D in Relation to Bone Health

The purpose of this systematic evidence-based review, referred to as 
AHRQ-Ottawa,1 requested by the Office of Dietary Supplements, National 
Institutes of Health and conducted by the University of Ottawa Evidence-
based Practice Center (UO-EPC) was to review and synthesize the pub-
lished literature on five key questions.

1.	 Are specific circulating concentrations of 25 hydroxyvitamin D 
(25[OH]D) associated with bone health outcomes in:
	� A.	 Children: rickets, bone mineral density (BMD), bone mineral con-

tent (BMC), fractures, or parathyroid hormone (PTH)?
	� B.	 Women of reproductive age (including pregnant and lactating 

women): BMD, calcaneal ultrasound, fractures, PTH?
	� C.	 Elderly men and postmenopausal women: BMD, fractures, falls?
2.	 Do food fortification, sun exposure, and/or vitamin D supplementa-
tion affect circulating concentrations of 25(OH)D?
3.	 What is the evidence regarding the effect of supplemental doses of 
vitamin D on bone mineral density and fracture or fall risk and does this 
vary with age groups, ethnicity, body mass index, or geography?

1 Cranney, A., T. Horsley, S. O’Donnell, H. A. Weiler, L. Puil, D. S. Ooi, S. A. Atkinson, L. M. 
Ward, D. Moher, D. A. Hanley, M. Fang, F. Yazdi, C. Garritty, M. Sampson, N. Barrowman, 
A. Tsertsvadze and V. Mamaladze. 2007. Effectiveness and Safety of Vitamin D in Relation to 
Bone Health. Evidence Report/Technology Assessment No. 158. (Prepared by the Univer-
sity of Ottawa Evidence-based Practice Center (UO-EPC) under Contract No. 290-02-0021.) 
AHRQ Publication No. 07-E013. Rockville, MD: Agency for Healthcare Research and Quality.�
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4.	 Is there a level of sunlight exposure that is sufficient to maintain ad-
equate vitamin D levels but does not increase the risk of non-melanoma or 
melanoma skin cancer?
5.	 Does intake of vitamin D above current reference intakes lead to toxici-
ties (e.g., hypercalcemia, hypercalciuria, and calcification of soft tissue or 
major organs)?

The review focused on electronic searches of the medical literature 
to identify publications addressing the aforementioned questions. Out of 
9,150 citations, 112 RCTs, 19 prospective cohorts, 30 case–control studies, 
and 6 before-after studies were systematically reviewed, and each was rated 
on quality and used to assess the strength of evidence for each outcome.

The methods and results chapters of the AHRQ-Ottawa evidence re-
view are reprinted below. The report in its entirety, including appendices 
and evidence tables, can be accessed and viewed at http://www.ahrq.gov/
clinic/tp/vitadtp.htm#Report.
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Chapter 2.  Methods 
 

Key Questions Addressed in This Report 

The University of Ottawa EPC's evidence report on Vitamin D is based on a systematic 
review of the scientific literature.  A technical expert panel was recruited to help refine key 
questions and provide expertise to the review team during the review process.  The finalized 
questions were: 

1. Are specific circulating concentrations of 25(OH)D associated with the following 
health outcomes in: 

A. Children: rickets, bone mineral density (BMD) or bone mineral content (BMC), 
fractures, parathyroid hormone (PTH)? 

B. Women of reproductive age (includes pregnant and lactating women): BMD, 
calcaneal ultrasound, fractures, calcium absorption, PTH?  

C. Elderly men and postmenopausal women: BMD, fractures, falls? 

2. Does dietary intake (fortified foods and/or vitamin D supplementation) or sun exposure 
affect circulating concentrations of 25(OH)D? 

A. Does this vary with different age groups, ethnicity, use of sunscreen, geography 
and/or body mass index (BMI)?  

B. What are the effects of fortified foods on circulating 25(OH)D concentrations? 

C. What is the effect of sun exposure and vitamin D supplementation on levels of 
serum 25(OH)D? 

3. What is the evidence regarding the effect of supplemental doses of vitamin D on bone 
mineral density, fractures and fall risk in: 

A. Women of reproductive age and postmenopausal women? 

B. Elderly men? 

C. Is there variation with baseline levels of 25(OH)D? 

4. Is there a level of sunlight exposure (time of year, latitude, BMI, amount of skin 
exposed) that is sufficient to maintain adequate vitamin D levels, but does not increase 
the risk of melanoma or non-melanoma skin cancer? 

5. Does intake of vitamin D above current reference intakes lead to toxicities (e.g., 
hypercalcemia, hypercalciuria, calcification of soft tissue or major organs, kidney 
stones)? 
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Study Identification 

 
Search Strategy 

An initial search for systematic reviews related to vitamin D was conducted, and the 
review team and Technical Expert Panel (TEP) identified reviews relevant to each of the five 
research questions.  These aided in the development of the search strategy for primary studies.  
Conceptual analysis was undertaken by one information specialist, and translation of the 
concepts and the Boolean logic of their combinations were confirmed by a second information 
specialist.  No language restrictions were applied.  Using the Ovid interface, the following 
databases were searched: MEDLINE ® (1966 to June Week 3 2006); Embase (2002 to 2006 
Week 25); CINAHL (1982 to June Week 4, 2006); AMED (1985 to June 2006); Biological 
Abstracts (1990 to February 2005); and The Cochrane Central Register of Controlled Trials 
(CENTRAL; 2nd Quarter 2006).  The MEDLINE ® search strategy is in Appendix A .  
Adjustments were made to the search when run in other databases to account for differences in 
indexing.  All records were downloaded and imported into the Reference Manager software, and 
duplicate records were removed.  This review underwent a formal update process following 
completion of a first draft report and prior to final submission with initial searches run in 2005. 
The dates of the initial search were as follows: MEDLINE ® (1966 to July Week 4 2005); 
Embase (2002 to 2005 Week 32); CINAHL (1982 to March Week 4, 2005); AMED (1985 to 
April 2005); Biological Abstracts (1990 to February 2005); and The Cochrane Central Register 
of Controlled Trials (CENTRAL; 1st Quarter 2005). 

 

Eligibility Criteria 

Published English-language studies, examining the safety and/or efficacy of vitamin D in 
humans, were eligible for inclusion, as follows: 

1. The association between serum 25(OH)D concentrations and bone health outcomes was 
examined in the following populations: 1) children (0 to 18 years); 2) women of 
reproductive age (19 to 49 years) and; 3) elderly men (>65 years) and postmenopausal 
women (50+ years).  Bone health outcomes included: BMD, BMC, fractures, falls, 
performance measures related to falls (e.g., muscle strength or balance) (age group 3 
only), calcium absorption (age group 2), calcaneal ultrasound (age group 2), PTH (age 
groups 1 and 2), rickets (age group 1).  Study designs: RCTs, prospective cohorts, before-
after and case-control studies.   

2. The effect of vitamin D from dietary sources (including fortified foods and/or vitamin D2 
or D3 supplementation) and sun exposure, on serum 25(OH)D concentrations was 
examined in the age groups listed above.  Vitamin D2 and D3 were evaluated separately.  
Study designs: RCTs of dietary intake/supplementation/sun exposure interventions. 

 

                                                 
 Appendixes cited in this report are available at http://www.ahrq.gov/clinic/tp/vitadtp.htm. 
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3. The effect of supplemental vitamin D2 or D3 alone or in combination with calcium on 
bone mineral density, fractures, and/or falls was examined in: 1) women of reproductive 
age (19 to 49 years); 2) postmenopausal women (  50 years) and; 3) elderly men (  65 
years).  Study designs: RCTs.   

4. The relation between sun exposure, serum 25(OH)D concentrations and the risk of non-
melanoma and/or melanoma skin cancer was evaluated.  Study designs: existing 
systematic reviews.   

5. The potential toxicity of supplemental vitamin D in doses above the adequate reference 
intakes (e.g., hypercalcemia, nephrolithiasis, soft tissue calcification) was examined in 
different age groups. Study designs: RCTs.     

 Systematic and narrative reviews were excluded for all questions except for question 4.   
However, recent reviews were hand searched for additional potential primary studies that 
may be pertinent to all questions.  Randomized trials of other osteoporosis therapies that 
included calcium and vitamin D as a control arm were not included unless they also included 
a placebo or lower dose vitamin D arm that would allow a comparison.  Studies evaluating 
the efficacy of vitamin D for the treatment of secondary causes of osteoporosis (e.g., 
glucocorticoid-induced osteoporosis, renal and liver disease) or for treatment of vitamin D-
dependent rickets were also not considered, in an effort to minimize clinical heterogeneity 
and since non-dietary sources of treatment are often used as the primary tereatment for some 
of these conditions.  We restricted our inclusion criteria to studies of vitamin D2 
(ergocalciferol) or D3 (cholecalciferol).  Studies that evaluated the efficacy of the vitamin D 
preparations calcitriol or alphacalcidol were not included since they are not considered 
nutritional supplements and have a different safety profile than native vitamin D. 

 

Study Selection Process 

The results of the literature search were uploaded to the software program Trialstat SRS 
version 4.0 along with screening questions developed by the review team and any supplemental 
instructions (Appendix B ).  Prior to the formal screening process, a calibration exercise was 
undertaken to pilot and refine the screening process.  The results of the literature search were 
assessed using a three-step process.  First, bibliographic records (i.e., title, authors, key words, 
abstract) were screened, using broad screening criteria, by one reviewer (Appendix B).  All 
potentially relevant records, and those records that did not contain enough information to 
determine eligibility (e.g., no available abstract) were retained.  The reasons for exclusion were 
noted using a modified QUOROM format (Figure 2).   

Full text relevance screening was performed independently by two reviewers and 
discrepancies resolved by consensus or third party (Appendix B).  Records were not masked 
given the equivocal evidence regarding the benefits of this practice.65  Reasons for exclusion 
were noted.  Relevant studies were then evaluated to determine study design and categorized 
accordingly for inclusion by question.  The level of evidence reviewed was limited to RCTs 
where feasible since systematic bias is minimized in RCTs compared with all other study designs 

                                                 
 Appendixes cited in this report are available at http://www.ahrq.gov/clinic/tp/vitadtp.htm. 
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(e.g., cross-sectional, retrospective cohort).  However, because of the paucity of RCT evidence 
addressing the association between circulating 25(OH)D concentrations and bone health 
outcomes, particularly in infants and young children, inclusion criteria were broadened to include 
single prospective cohorts, case-control, and before-after study designs for question one.  
Question four was restricted to existing systematic reviews to limit scope.  

 
Data Abstraction 

 

Following a calibration exercise, two reviewers independently abstracted relevant 
information from each included study using a data abstraction form developed a priori for this 
review (Appendix B ).  One reviewer completed primary extraction, which was then verified by 
a second reviewer.  Conflicts were discussed and resolved by consensus.  Abstracted data 
included study characteristics, population characteristics, the type of 25(OH)D assay, source of 
vitamin (i.e., vitamin D2 or D3 supplements, including dosing regimen and route of 
administration; sun or UV exposure; dietary intake), use of supplemental calcium, and relevant 
outcomes such as fractures, BMD, falls and toxicity. 

 

Data Assessment 

Quality Assessment 

As part of RCT quality assessment, the Jadad scale was used (Appendix B) and scored by an 
experienced reviewer (Appendixes D and E).  This validated scale assesses the methods used to 
generate random assignments and double blinding, and also scores whether there is a description 
of dropouts and withdrawals by intervention group.66  The scoring ranges from 1 to 5, with 
higher scores indicating higher quality.  An a priori threshold scheme was used for sensitivity 
analysis: a Jadad total score of  > 3 was used to indicate studies of higher quality.  In addition, 
allocation concealment was assessed as adequate (=1), inadequate (=2) or unclear (=3) 
(Appendix B).67 

To assess the quality of the observational studies (prospective cohorts and case-controls), we 
used a grading system adapted from Harris et al.68  Quality assessment of observational studies 
included variables such as representativeness of the study population, whether bias and 
confounding were controlled for in the study design and reported, and description of losses to 
followup.  

An aggregate level of evidence (good, fair, inconsistent) was rated based on quantity, quality 
and consistency of results.  As an example, for assessment of an association of circulating 
25(OH)D concentrations with a bone health outcome, good evidence was defined as evidence for 
or against an association that was consistent across studies with at least one study graded as a 
higher quality study.  Fair was defined by evidence sufficient to determine an association, but 
limited by consistency, quantity, or quality of studies (i.e., no studies graded as good).  

                                                 
 Appendixes cited in this report are available at http://www.ahrq.gov/clinic/tp/vitadtp.htm. 
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Inconsistent evidence was defined by an inability to make a conclusion for or against an 
association in that studies had conflicting results.69   

Qualitative Data Synthesis 

Outcomes were summarized using a qualitative data synthesis for each study.  A description 
of each study that included information pertaining to sample size and demographics, setting, 
funding source, 25(OH)D concentrations and assay used, intervention (form of vitamin D) and 
comparator characteristics, study quality, details of matching or methods of adjustment, and 
confounders (where applicable) were recorded and summarized in the text, and/or summary 
tables throughout the report.  These methods were used to help generate hypotheses and to 
identify any heterogeneity of study populations or in the reporting of data within the published 
reports.   

For the purpose of this review, we defined vitamin D deficiency as a serum 25(OH)D 
measurement below 30 nmol/L, recognizing that variable definitions have been used in the 
literature including values of 50 nmol/L to > 80 nmol/L (32 ng/dL), and that there is potentially 
large error or variability in measurement depending on the particular assay used.  Similarly, 
vitamin D insufficiency may be defined using different values.  A cutpoint of 30 nmol/L for 
vitamin D deficiency was used in this report to assist in classifying trials to report the results, and 
also when conducting subgroup analyses of trials that included vitamin D-deficient populations. 
In reporting individual study results, the investigator-defined definitions of vitamin D deficiency 
or insufficiency were noted and reported.  We did not attempt to calibrate different 25(OH)D 
assays.  As outlined in the introduction, variability may exist even when laboratories are using 
the same technique.    

 

Quantitative Synthesis 

For outcomes where meta-analysis was deemed appropriate, we extracted quantitative data 
(e.g., number of subjects in each group, mean, standard deviation) from trials, using a 
standardized data extraction form that included intervention characteristics (coded for vitamin D 
source, type of vitamin D and unit of dosing) vitamin D intake and baseline and outcome 
variables for all followup intervals including unit of measurement and assay used for serum 
25(OH)D measurement.   

Where data were only available in graph form, we attempted to extract data for the report.  If 
relevant data (e.g., standard deviation) were not reported adequately, we contacted authors to 
obtain the missing data. A list of additional data received by authors is in Appendix F .  

We calculated standard deviation from standard errors or 95 percent confidence intervals, 
and the absolute and percent change for continuous outcomes (e.g., serum 25(OH)D) from 
baseline and end of study data using standard formulae.   

To avoid differences in the reporting of units for serum 25(OH)D concentrations (i.e., 
nmol/L, ng/mL, μg/dL, μg/L and ng/dL) all values were converted to nmol/L, the unit that was 

                                                 
 Appendixes cited in this report are available at http://www.ahrq.gov/clinic/tp/vitadtp.htm. 
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used for data synthesis.  The conversion formula is 1 ng/mL = 2.5 nmol/L.  To limit the variable 
reporting in vitamin D dosing (e.g., nmol, IU, ug and mg), IU was chosen as the standard unit 
used for meta-analysis and all other units were converted using a standard formula.  The 
conversion formula for micrograms is 1 ug = 40 IU.   

Serum 25(OH)D outcomes included absolute change values (nmol/L).  Fracture outcomes 
were classified as vertebral, non-vertebral, hip or total fractures.  BMD outcomes included 
absolute values (e.g., areal BMD, g/cm2), mean percent change from baseline or the difference in 
the mean percent change from baseline for the treatment versus comparator groups.   

Followup intervals were recorded for each trial.  It is common for variation to exist between 
trials with regard to length of followup intervals.  For the purpose of meta-analyses, the most 
distal followup and the change between the last followup and the baseline were applied. 

Statistical Analyses 
For the effect measures for continuous outcomes (e.g., serum 25(OH)D concentrations) the 

difference in means between different treatment groups was used for the meta-analyses.  The 
‘difference in means’ is a standard statistic that measures the absolute difference between the 
mean values in the two groups in a clinical trial.  Absolute change in 25(OH)D concentrations 
was used for quantitative pooling of 25(OH)D.  For the pooling of BMD results, the percent 
change in BMD from baseline in the treatment versus control or placebo was used as the unit of 
analysis since this is clinically relevant.   

For continuous outcomes, the difference in means and standard deviations were calculated 
for each individual study.  To avoid multiple comparison issues in studies with more than one 
treatment arm, a weighted average (e.g., 25(OH)D) of similar groups was calculated within the 
study.  A weighted average method was used to calculate the 25(OH)D values for the combined 
treatment group and combined placebo group.  The difference in means was then calculated 
using the weighted averages for the two combined groups.  This estimate, with its standard 
deviation was then used for the meta-analyses.  The number in each group was based on 
intention-to-treat data; however, when these data were not available, we used what was provided 
in the published report. 

For dichotomous outcomes (e.g., fractures, falls), studies were grouped by method of 
administration and type of vitamin D as we anticipated different treatment effects with (1) oral 
versus injectable vitamin D, (2) type of vitamin D (D2 versus D3) and (3) if calcium was given as 
a co-intervention.  We used these groupings to generate pooled estimates to minimize clinical 
heterogeneity.  The intent-to-treat group or number enrolled at the time of study was used for 
analyses and when unavailable, we used the number provided in the report.  Combined odds 
ratios were generated using the number of individuals who had an event (e.g., fall or fracture) 
and not the absolute number of events.  This was determined to be a more conservative approach 
to quantify the effects.  For the meta-analysis of fracture and fall outcomes, we pooled studies 
with different treatment durations and doses. 

In all cases, meta-analyses were conducted using a weighted mean method.  The fixed effect 
model was used initially to obtain combined estimates of weighted mean differences and their 
standard errors.  When heterogeneity (p<0.10) was present between studies, the Dersimonian and 
Laird random-effects method was used to obtain combined estimates across the studies.70 The 
degree of statistical heterogeneity was evaluated for all analyses using the I2 statistic.71-73  An I2 
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of less than 25 percent is consistent with low heterogeneity, 25 to 50 percent moderate 
heterogeneity, and over 50 percent high heterogeneity.73  When significant heterogeneity was 
identified, then heterogeneity was explored through subgroup, sensitivity analyses and meta-
regression analyses if appropriate.  Sources of heterogeneity include methodologic as well as 
clinical heterogeneity.  The interpretation of heterogeneity estimates requires caution especially 
when small numbers of trials were included. 

Publication bias was explored through funnel plots by plotting the relative measures of effect 
(odds ratio) versus a measure of precision of the estimate such as a standard error or precision 
(1/standard error).72  Funnel plots are scatter plots in which the treatment effects estimated from 
individual studies, are plotted on the horizontal axis against a measure of study precision on the 
vertical axis.  Asymmetry suggests the possibility of publication bias, although other potential 
causes of asymmetry exist.  The degree of funnel plot asymmetry was measured by the intercept 
from regression of standard normal deviates against precision, with evidence of asymmetry 
based on p < 0.1.74-76  

 
Throughout the report, vitamin D or 25(OH)D without a subscript represents either D2 or D3 

or both isoforms.  Wherever possible i.e., when reported in the particular study, the isoform is 
specified.  All interventions are oral, unless it is specifically stated that injected vitamin D was 
used.
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Chapter 3.  Results 

Results of the Literature Search 

The results of the literature search for the original review and for the update are presented in 
Figure 2.  For the updated review that incorporated the original search data, literature searching 
identified a total of 9150 potentially relevant bibliographic records.  The reviewers nominated an 
additional 59 potentially relevant studies that were subjected to the same screening process as the 
other records; the majority of these (55) was nominated after the original search and were likely 
not detected by the original search due to their publication date.  After 2,643 duplicate and 
review articles (systematic and narrative) were removed, 6,566 unique records remained eligible 
for broad relevance assessment.  These reports were evaluated against the eligibility criteria and 
after the initial screening for relevance, 5,119 records were excluded.  The remaining 1,447 
reports were then retrieved and subjected to a more detailed relevance assessment using the full 
text; 765 of the 1,447 reports failed to meet the inclusion criteria as determined by consensus. 
(Appendix I )  Given the magnitude of the potentially relevant evidence, an additional eligibility 
criterion of level of evidence was then applied to the 682 remaining studies.  The evidence base 
was limited to RCTs where possible.  In total, 515 bibliographic records were excluded from the 
evidence synthesis as they were deemed to provide an inadequate level of evidence for their 
respective question.(Appendix J)  Question one (the association of 25(OH) D and bone health 
outcomes) required that study designs other than RCTs be included (e.g., prospective cohort, 
case-control, and before-after studies). The reasons for exclusion for all other records are listed 
in the QUOROM flow chart in Figure 2.  In total, 167 studies were deemed relevant and 
provided sufficient level of evidence for the systematic review.  Our search strategy did not 
reveal pertinent reviews for question four.  Since our search strategy may not have identified 
studies in the dermatology or photobiology literature that evaluated the effect of solar UV-B 
exposure in terms of a minimal erythemal dose and the risk of skin cancer, this was discussed 
with the Technical Expert Panel. It was decided that a separate search was not feasible for this 
report.  

In total 167 studies (112 RCTs (106 unique trials, 6 companion reports), 19 prospective 
cohorts (18 unique studies, 1 companion report), 30 case-controls and 6 before-after studies) 
were included for evidence synthesis. 

Study characteristics, interventions and results are presented in tables throughout the report.  
Where applicable, the order of discussion is the following order of study design: RCTs; clinical 
controlled trials; prospective cohorts; case-control studies; and before-after studies. 

                                                 
 Appendixes cited in this report are available at http://www.ahrq.gov/clinic/tp/vitadtp.htm. 
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Figure 2.  Modified QUOROM Flow Chart  

 
          Original Review                 Update 
 

 

 

 

 

8401 records identified from bibliographic 
searches 

749 records identified from bibliographic 
searches 

55 records 
nominated 

by 
reviewers 

4 records 
nominated by 

reviewers 

2535 duplicates 
and review articles 
removed 

108 duplicates and 
review articles 
removed

5921 screened at Level 1 645 screened at Level 1 

4624 excluded 

1297 eligible for further assessment (Full Text) 150 eligible for further assessment (Full Text) 

653 failed to meet 
inclusion criteria (N)  

 (642) Did not address 
specific study 
question  

 (10)  Not able to 
retrieve 

 (1)  Non-English 
publication

112 failed to meet 
inclusion criteria (N)  

 (107) Did not address 
specific study 
question  

 (3)  Not able to 
retrieve 

 (2)  Non-English 
publication

644 studies met inclusion criteria 38 studies met inclusion criteria 

682 studies were classified by study design 

495 excluded 

(Continued) 
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Figure 2.  Modified QUOROM Flow Chart – Continued  

515 studies were excluded 
from evidence synthesis on 
basis of study design based 
on pre-set criteria per 
question

167 unique studies included in the evidence synthesis: 
All Questions:  (112) Randomized controlled trials 
  (6 companion reports included)  
   (19) Prospective cohorts 
  (1 companion report included) 

   (30) Case-controls 
     (6) Before-after studies  

Question 1A Part 1 (13 studies) 
(1) RCT,  (8) Case-control, (4) Before-after 

Question 1A Part 3 (7 studies) 
(2) RCT,  (3) Prospective cohort, (1) Case-
control, (1) Before-after 

Question 1B (5 studies) 
(4) Case-control, (1) Before-after 

Question 1C (41 studies in 42 published 
reports)
(10) RCT,  (14) Prospective cohort, (18) 
Case-control 

Question 2B (8 studies) 
(8) RCT 

Question 2A (13 studies) 
(13) RCT 

Question 2C (74 studies in 81 published 
reports)
(74) RCT 

Question 3A (17 studies) 
(17) RCT 

Question 3B (15 studies) 
(15) RCT 

Question 3C (14 studies in 16 published 
reports)
(14) RCT 

Question 4 (no studies found to be 
applicable) 

Question 5 (22 studies in 23 published 
reports)
(22) RCT 

Note: 74 of the included studies were reported in more than one question. Therefore, the total number of 
citations across all questions (n=234) exceeds the number of unique included studies (167). 
 

Question 1A Part 2 (7 studies) 
(3) RCT,  (4) Case-control 
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Question 1.  Are There Specific Concentrations of Serum 
25(OH)D That Are Associated With Bone Health Outcomes in 

Infants, Children, Women of Reproductive Age, 
Postmenopausal Women and Elderly Men?

1A.  Infants and Children 

Question 1A (Part 1).  Are There Specific Concentrations of 
Serum 25(OH)D That Are Associated With Established 

Vitamin D Deficiency Rickets in Infants and Young Children?

Overview of Relevant Studies 

For the purposes of this review, infancy is defined as term birth to 12 months, and young 
children from one to five years of age. Studies that enrolled older children were included if the 
majority of children were in the above age groups.  For studies on established rickets in infants 
and young children, 13 studies met our inclusion criteria and assessed the association between 
serum 25(OH)D and rickets.77-89  Of the 13 studies, there was one RCT,77 four before-after 
studies78-81 and eight case-control studies.82-89  For the RCT, bone health outcomes included 
improvement in the signs and symptoms of rickets, and serum PTH levels.77  The twelve 
observational studies included rickets as the bone health outcome,78-84,84-89 and seven of the 12 
studies included assessment of serum PTH,78,79,82,84,87,88 as summarized in Table 1.  In all studies, 
children were diagnosed with rickets using clinical and radiological criteria.  No studies included 
BMD, BMC, or fractures as outcomes.  

Study characteristics including country and type of vitamin D assay are summarized in the 
Table 1.  All studies except for one case-control study with nine participants82 were conducted 
outside of North America.  The North American study was conducted at a northern latitude 
(Canada, U.S. Midwest).  Each study examined serum 25(OH)D concentrations at diagnosis and 
some included followup measurements during treatment.78-81,86,87  Six studies used an RIA assay 
for serum 25(OH)D assays,77,83-86,89 six studies used a CPBA method,78-82,87 and one study used 
an HPLC technique.88  We report, in this section, baseline measurements at diagnosis or pre-
treatment. 

Population characteristics.  Children with rickets ranged in age from as young as two 
months up to 14 years, with most children between 24 and 36 months.  In the studies that 
reported ethnicity, virtually all children were non-white except for two subjects in the one North 
American study.82  The sample sizes ranged from nine82 to 123 participants,84 with an average of 
41.  In 12 of the 13 studies, gender was mixed.   

Outcome characteristics.  For all studies, the diagnosis of rickets was ascertained by 
radiographic and clinical evidence.77-87,89  Serum PTH was measured in seven studies using 
either RIA or chemiluminescent immunoassays.78,79,82,84,87-89  No study evaluated BMC, BMD or 
fractures.  
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Study quality.  The study quality of the RCT,77 four before-after and eight case-control 
studies ranged from poor to fair with the RCT scoring 1/5 on the Jadad scale (in relation to 
randomization for treatment). 

Qualitative synthesis of individual study results.  Six studies reported a mean77,78,80,85 or 
median79,88 serum 25(OH)D concentration < 27.5 nmol/L associated with rickets.  These studies 
included measurements by RIA,77,85 CPBA78-80 or HPLC.88  Five studies reported that children 
with rickets had a mean 25(OH)D concentration above 27.5 nmol/L (range of means 36 – 50 
nmol/L),82,84,86,87,89 and the other two studies reported at least some children with serum levels 
above this value.81,83  While 25(OH)D assays differed across the studies, these results suggest 
that the serum 25(OH)D concentration associated with rickets may be much higher than 
previously thought.  In one study, deficient dietary calcium was the etiology for rickets83 whereas 
in another study, a mean dietary calcium intake of < 300 mg/d did not alter the Odds Ratio (OR) 
for rickets.84  Given the uncertainty of the dietary calcium measurement, it remains unclear 
whether the specific concentration of serum 25(OH)D consistent with rickets is confounded by 
dietary calcium.

In the studies that reported serum PTH, values in children with rickets were elevated above 
the normal range.78,79,82,84,87,89  One study confirmed a negative relation of PTH with 25(OH)D 
concentrations (r = -0.70),82 when cases and controls were analyzed together.   

The majority of studies included in this review were from developing countries where dietary 
calcium intake is low.  Low dietary calcium can confound 25(OH)D status and is a major 
limitation of the studies since some cases of rickets may be attributable to a calcium deficiency.  
Another limitation is the paucity of studies in children with rickets in North America.  The 
specific concentrations of serum 25(OH)D associated with rickets in North America is uncertain, 
given the lack of studies in populations with dietary calcium intake similar to North American 
diets, as well as the different methods used to determine 25(OH)D concentrations.  A better 
understanding of the inter-relationship between 25(OH)D concentrations, calcium and rickets 
would improve the specific values of 25(OH)D to be used as a biomarker in the diagnosis and 
treatment of rickets.  Only studies of established rickets were included, and other RCTs have 
evaluated specific 25(OH)D concentrations in relation to the development of rickets.  In a rickets 
prevention study in China, Specker et al. found that 25(OH)D concentrations above 30 nmol/L 
appeared to prevent rickets in infants with or without vitamin D deficiency at birth.90 
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Summary.  Circulating 25(OH)D levels associated with established rickets in infants and 
young children 
Quantity:  Six studies (one RCT, three before-after and two case-control studies) reported mean 
or median 25(OH)D concentrations < 30 nmol/L in children with rickets whereas the other 
studies reported mean or median values above 30 nmol/L and up to 50 nmol/L.  In seven of eight 
case-control studies, serum 25(OH)D values were lower in the children with rickets compared 
with controls.   

Quality:  The study quality of the RCT, four before-after and eight case-control studies ranged 
from poor to fair (with the RCT scoring 1/5 on the Jadad scale).  

Consistency:  There is fair evidence for an association between low serum 25(OH)D and 
established rickets, regardless of assay type (RIA, CPBA, HPLC).  There is inconsistent
evidence to determine if there is a threshold concentration of serum 25(OH)D above which 
rickets does not occur. 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

	 555

 35
 

Ta
bl

e 
1.

  S
er

um
 2

5(
O

H
)D

 L
ev

el
s 

in
 E

st
ab

lis
he

d 
R

ic
ke

ts
 in

 In
fa

nt
s 

an
d 

Yo
un

g 
C

hi
ld

re
n 

B
ef

or
e-

A
fte

r S
tu

di
es

 
B

hi
m

m
a 

(1
99

3)
80

 

  S
ou

th
 A

fri
ca

 

N
R

 

23
 C

hi
ld

re
n 

w
ith

 ri
ck

et
s:

  
9 

vi
t D

 d
ef

 ri
ck

et
s 

[2
5(

O
H

)D
 <

 2
5 

nm
ol

/L
] 

14
 C

a 
de

f r
ic

ke
ts

  
10

 P
ho

sp
ho

pe
ni

c 
ric

ke
ts

   
4 

H
ea

lin
g/

he
al

ed
 ri

ck
et

s 
 V

it 
D

 d
ef

 ri
ck

et
s:

 5
6%

 
fe

m
al

e 
 N

R
 (r

an
ge

 1
-1

2 
y)

 
vi

t D
 d

ef
 ri

ck
et

s 
(N

 =
 9

): 
 

6.
1 

(4
.2

)  
y 

 N
R

 

5,
00

0-
10

,0
00

 IU
/d

 v
it 

D
3 

(p
lu

s 
50

0-
1,

00
0 

m
g 

C
a)

 
 12

 m
o 

25
(O

H
)D

^ 
 C

P
B

A
 

  

R
ic

ke
ts

  
25

(O
H

)D
 m

ea
n 

(S
D

): 
  

vi
t D

 d
ef

ic
ie

nt
 ri

ck
et

s:
 9

.3
 (8

.8
)  

C
a 

de
fic

ie
nt

 ri
ck

et
s:

 4
5.

5 
(1

0)
 

 P
TH

: N
D

  
 C

a 
m

ea
n 

(S
D

) 
V

it 
D

 d
ef

 ri
ck

et
s:

 2
.0

9 
(0

.2
7)

 
C

a 
de

f r
ic

ke
ts

: 2
.1

6 
(0

.2
8)

  
 

A
ut

ho
r (

ye
ar

) 

C
ou

nt
ry

 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

 
G

en
de

r 
M

ea
n 

ag
e 

(S
D

) 
Et

hn
ic

ity
 

In
te

rv
en

tio
n 

D
ur

at
io

n 

25
(O

H
)D

 is
of

or
m

 
M

ea
su

re
d 

A
ss

ay
 

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 

R
es

ul
ts

 a
t b

as
el

in
e 

or
 d

ia
gn

os
is

 
Se

ru
m

 2
5(

O
H

)D
 (n

m
ol

/L
) 

Se
ru

m
 P

TH
 (p

m
ol

/L
) 

Se
ru

m
 C

a 
(m

m
ol

/L
) 

R
C

Ts
C

es
ur

 
(2

00
3)

77
6}

 
 Tu

rk
ey

 
 N

R
 

56
 In

fa
nt

s 
w

ith
 n

ut
rit

io
na

l 
ric

ke
ts

 
 36

%
 fe

m
al

e 
 10

.7
 (6

.1
) m

o 
 

(ra
ng

e 
3-

 3
6)

  
 N

R
 

IG
1:

 v
it 

D
 1

50
,0

00
 IU

 
IG

2:
 v

it 
D

 3
00

,0
00

 IU
 

IG
3:

 v
it 

D
 6

00
,0

00
 IU

 
(s

in
gl

e 
do

se
 ) 

 2 
m

o 

25
(O

H
)D

3 
 R

IA
 

R
ic

ke
ts

  
P

TH
  

25
(O

H
)D

3 m
ea

n 
(S

D
) :

 
S

ta
ge

* 
1:

 1
5.

8 
(6

.4
) 

S
ta

ge
 II

: 1
5.

4 
(4

.8
) 

S
ta

ge
 II

I: 
14

.7
 (3

.9
)  

 P
TH

 m
ea

n 
(S

D
): 

S
ta

ge
 I:

 3
0 

(8
4)

 
S

ta
ge

 II
: 3

4.
1 

(2
0)

 
S

ta
ge

 II
I: 

44
.3

 (2
5.

8)
 

 C
a 

m
ea

n 
(S

D
)  

al
l p

at
ie

nt
s 

1.
9 

(0
.3

3)
 

 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

556

 36
 

Ta
bl

e 
1 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

in
 E

st
ab

lis
he

d 
R

ic
ke

ts
 in

 In
fa

nt
s 

an
d 

Yo
un

g 
C

hi
ld

re
n 

A
ut

ho
r (

ye
ar

) 

C
ou

nt
ry

 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

 
G

en
de

r 
M

ea
n 

ag
e 

(S
D

) 
Et

hn
ic

ity
 

In
te

rv
en

tio
n 

D
ur

at
io

n 

25
(O

H
)D

is
of

or
m

 
m

ea
su

re
d 

A
ss

ay
 

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 

R
es

ul
ts

 a
t b

as
el

in
e 

or
 d

ia
gn

os
is

 
Se

ru
m

 2
5(

O
H

)D
 (n

m
ol

/L
) 

Se
ru

m
 P

TH
 (p

m
ol

/L
) 

Se
ru

m
 C

a 
(m

m
ol

/L
) 

El
zo

uk
i 

(1
98

9)
81

 
 Li

by
a 

 P
ub

lic
/P

riv
at

e 
 

22
 C

hi
ld

re
n 

< 
2 

y 
ad

m
itt

ed
 fo

r 
tre

at
m

en
t o

f r
ic

ke
ts

 
 37

.5
%

 fe
m

al
e 

 15
 m

o 
(ra

ng
e 

3-
24

 m
o)

 re
po

rte
d 

on
ly

 
fo

r 1
6 

Li
by

an
 c

hi
ld

re
n 

 A
fri

ca
n 

bl
ac

k 

1-
3 

h/
d 

of
 

su
ns

hi
ne

 
fo

llo
w

ed
 b

y 
si

ng
le

 IM
 

in
je

ct
io

n 
of

 
60

0,
00

0 
IU

 v
it 

D
2 

 fo
llo

w
up

 
m

ed
ia

n 
17

 d
 

25
(O

H
)D

^ 
 C

P
B

A
 

  

R
ic

ke
ts

  
25

(O
H

)D
: 

A
t d

ia
gn

os
is

, 5
0%

 o
f p

at
ie

nt
s 

ha
d 

25
(O

H
)D

 >
 2

0 
nm

ol
/L

. 
R

an
ge

 4
-6

5 
(g

ra
ph

) 
 P

TH
: N

D
 

 C
a:

 N
D

 

G
ar

ab
ed

ia
n 

(1
98

3)
78

 
 Fr

an
ce

/ 
B

el
gi

um
 

 N
R

 

20
 In

fa
nt

s 
an

d 
ch

ild
re

n 
w

ith
 ri

ck
et

s 
 

60
 C

on
tro

ls
 

 65
%

 fe
m

al
e 

 M
ea

n 
ag

e 
N

R
 

In
fa

nt
s 

an
d 

yo
un

g 
ch

ild
re

n 
(N

 =
 1

5)
:  

ra
ng

e 
4-

26
 m

o;
  

O
ld

er
 c

hi
ld

re
n 

(N
 =

 5
): 

ra
ng

e 
4-

12
 y

 
 80

%
 Im

m
ig

ra
nt

s 
fro

m
 N

or
th

 A
fri

ca
, 

B
la

ck
 A

fri
ca

, T
ur

ke
y,

 P
or

tu
ga

l, 
P

ak
is

ta
n 

IG
1:

 2
,0

00
 IU

/d
 

vi
t D

2 
IG

2:
 4

00
 IU

/k
g 

vi
t D

3 (
si

ng
le

 
do

se
) 

 6 
m

o 

25
(O

H
)D

^ 
 C

P
B

A
 

  

R
ic

ke
ts

 
P

TH
 (R

IA
) 

25
(O

H
)D

 m
ea

n 
(S

D
): 

 
al

l p
at

ie
nt

s:
 1

1.
5 

(8
)  

 P
TH

: 2
-4

 X
 U

LN
 (N

=8
); 

va
lu

es
 N

R
 

 C
a 

m
ea

n 
(S

D
) 

A
ll 

pa
tie

nt
s:

 1
.8

 (0
.2

7)
 

M
ar

ke
st

ad
 

(1
98

4)
79

 
 N

or
w

ay
 

 Pu
bl

ic
 

  

17
 C

hi
ld

re
n 

w
ith

 ri
ck

et
s 

 
 N

R
 

 N
R

 
 11

 (6
4.

7%
) I

m
m

ig
ra

nt
s 

fro
m

 
P

ak
is

ta
n,

 C
ap

e 
V

er
de

 Is
la

nd
s,

 
Tu

rk
ey

, M
or

oc
co

, S
ri 

La
nk

a,
 a

nd
 

W
es

t A
fri

ca
; 6

 (3
5.

3%
) N

or
w

eg
ia

ns
 

1,
70

0-
4,

00
0 

IU
 

vi
ta

m
in

 D
2/ 

d 
(r

ed
uc

ed
 to

 
50

0-
10

00
 IU

 in
 

3 
ch

ild
re

n 
at

 2
-

4 
w

ks
) 

 10
 w

ks
 

25
(O

H
)D

^ 
 C

P
B

A
 

R
ic

ke
ts

 
25

(O
H

)D
 m

ed
ia

n 
(ra

ng
e)

: 
N

 =
9 

di
ag

no
se

d 
in

 s
um

m
er

: 2
1 

(4
.1

-
30

.6
) 

N
 =

 8
 d

ia
gn

os
ed

 in
 w

in
te

r: 
12

.1
 (3

.8
-

19
.4

) 
 A

t b
as

el
in

e,
 e

vi
de

nc
e 

of
 s

tim
ul

at
ed

 P
TH

 
in

 1
1/

12
 (s

er
um

 P
TH

 o
r u

rin
ar

y 
cA

M
P

, 
va

lu
es

 N
R

)  

C
a:

 N
D

 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

	 557

 37
 

Ta
bl

e 
1 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

in
 E

st
ab

lis
he

d 
R

ic
ke

ts
 in

 In
fa

nt
s 

an
d 

Yo
un

g 
C

hi
ld

re
n 

A
ut

ho
r (

ye
ar

) 

C
ou

nt
ry

 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

 
G

en
de

r 
M

ea
n 

ag
e 

Et
hn

ic
ity

 

M
at

ch
in

g 
Va

ria
bl

es
 

D
ur

at
io

n 

25
(O

H
)D

Is
of

or
m

 
M

ea
su

re
d 

A
ss

ay
 

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 

R
es

ul
ts

 a
t b

as
el

in
e 

or
 d

ia
gn

os
is

 
Se

ru
m

 2
5(

O
H

)D
 (n

m
ol

/L
) 

Se
ru

m
 P

TH
 (p

m
ol

/L
) 

Se
ru

m
 C

a 
(m

m
ol

/L
) 

C
as

e-
co

nt
ro

l s
tu

di
es

 
Ar

na
ud

 
(1

97
6)

82
 

 C
an

ad
a/

 
M

id
w

es
t U

.S
.  

 Pu
bl

ic
 

9 
C

hi
ld

re
n 

w
ith

 m
ild

 (n
=3

), 
m

od
er

at
e 

(n
=5

) a
nd

 s
ev

er
e 

(n
=1

) r
ic

ke
ts

  
9 

C
on

tro
ls

 
 R

ic
ke

ts
: 2

2%
 fe

m
al

e 
C

on
tro

ls
: N

R
 

 M
od

er
at

e 
ric

ke
ts

 (N
 =

 5
) 

M
ea

n 
ag

e 
1.

69
 (1

.0
3)

 y
 

C
on

tro
ls

: 2
.7

1 
(1

.7
) y

 
A

ll 
ric

ke
ts

: a
ge

 ra
ng

e 
2 

m
o 

– 
3.

5 
y 

 7 
C

an
ad

ia
n 

(5
 F

irs
t N

at
io

ns
, 1

 W
es

t 
In

di
an

 b
la

ck
, 1

 P
or

tu
gu

es
e)

 a
nd

 2
 

A
m

er
ic

an
 (m

id
 N

W
 U

.S
.) 

Ag
e 

Vi
t D

 5
,0

00
 

IU
/d

 
 4 

w
ks

 

25
(O

H
)D

^ 
 C

P
B

A
 

R
ic

ke
ts

  
P

TH
  

25
(O

H
)D

 m
ea

n 
(S

D
) (

ra
ng

e)
:  

M
ild

 ri
ck

et
s:

 4
5 

(7
.5

) (
ra

ng
e 

40
-5

2.
5)

  
M

od
er

at
e:

 3
0 

(5
)  

S
ev

er
e:

 2
0 

(N
R

) 
C

on
tro

ls
: 9

0 
(3

0)
 N

eg
at

iv
e 

as
so

ci
at

io
n 

be
tw

ee
n 

25
(O

H
)D

 
an

d 
P

TH
 (r

=-
0.

70
). 

 C
a 

m
ea

n 
(S

D
): 

 
N

D
 fo

r m
ild

, m
od

er
at

e,
 s

ev
er

e 
su

bg
ro

up
s 

S
ta

ge
 II

 ri
ck

et
s:

 2
.4

 (0
.1

5)
 

A
ge

 m
at

ch
ed

 c
on

tro
ls

: 2
.5

3 
(0

.1
) 

Ba
la

su
br

am
an

 
(2

00
3)

86
  

 In
di

a 
 N

R
 

40
 C

hi
ld

re
n 

(N
 =

 2
4)

 a
nd

 
ad

ol
es

ce
nt

s 
(N

 =
 1

9)
 w

ith
 

ric
ke

ts
/o

st
eo

lm
al

ac
ia

 
53

 c
on

tro
ls

 (3
4 

ch
ild

re
n 

an
d 

19
 

ad
ol

es
ce

nt
s)

  
 R

ic
ke

ts
: 5

4.
1%

 fe
m

al
e 

C
on

tro
ls

: 4
7.

0%
 fe

m
al

e 
 C

hi
ld

re
n:

 
R

ic
ke

ts
: m

ed
ia

n 
ag

e 
33

 m
o 

(ra
ng

e 
11

 –
 1

20
) ;

 C
on

tro
l: 

 m
ed

ia
n 

27
 m

o 
(ra

ng
e 

6 
m

o 
– 

84
 m

o)
 

 A
do

le
sc

en
ts

: 
R

ic
ke

ts
: m

ed
ia

n 
19

8 
m

o 
(ra

ng
e 

16
8-

24
0)

 
C

on
tro

ls
: m

ed
ia

n 
15

6 
(ra

ng
e 

12
0-

22
8)

 
 H

in
du

/M
us

lim
 

N
R

 
C

as
es

: 6
,0

00
 

IU
/d

 v
it 

D
 o

r 
si

ng
le

 d
os

e 
of

 
60

0,
00

0 
IU

 
 3 

m
o 

25
(O

H
)D

^ 
  R

IA
 

 

R
ic

ke
ts

 
25

(O
H

)D
 m

ea
n 

(S
D

): 
 

C
hi

ld
re

n 
ric

ke
ts

: 5
0 

(3
8.

9)
 

co
nt

ro
ls

: 6
1.

3 
(3

5.
9)

, N
S

  
 A

do
le

sc
en

ts
: 

ric
ke

ts
: 1

2.
6 

(7
.1

) a
ll 

bu
t o

ne
 <

 L
LN

 
co

nt
ro

ls
: 4

6.
0 

(4
5.

4)
, p

<0
.0

01
 

 P
TH

: N
R

 
 C

a 
m

ea
n 

(S
D

) 
C

hi
ld

re
n 

R
ic

ke
ts

: 2
.2

 (0
.3

) 
C

on
tro

ls
: 2

.4
 (0

.3
) N

S
 

 A
do

le
sc

en
ts

 
R

ic
ke

ts
: 2

.1
 (0

.2
) 

C
on

tro
ls

: 2
.3

 (0
.2

), 
p=

0.
00

8 
 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

558

 
38

 

Ta
bl

e 
1 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

in
 E

st
ab

lis
he

d 
R

ic
ke

ts
 in

 In
fa

nt
s 

an
d 

Yo
un

g 
C

hi
ld

re
n 

A
ut

ho
r (

ye
ar

) 

C
ou

nt
ry

 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

 
G

en
de

r 
M

ea
n 

ag
e 

Et
hn

ic
ity

 

M
at

ch
in

g 
va

ria
bl

es
 

D
ur

at
io

n 

25
(O

H
)D

is
of

or
m

 
m

ea
su

re
d 

A
ss

ay
 

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 

R
es

ul
ts

 a
t b

as
el

in
e 

or
 d

ia
gn

os
is

 
Se

ru
m

 2
5(

O
H

)D
 (n

m
ol

/L
) 

Se
ru

m
 P

TH
 (p

m
ol

/L
) 

Se
ru

m
 C

a 
(m

m
ol

/L
) 

D
aw

od
u 

(2
00

5)
88

 
U

ni
te

d 
Ar

ab
 

E
m

ira
te

s 
Pu

bl
ic

 

38
 C

hi
ld

re
n 

w
ith

 ri
ck

et
s 

 
50

 H
is

to
ric

al
 c

on
tro

ls
 

 R
ic

ke
ts

:  
50

%
 fe

m
al

e,
  

C
on

tro
ls

: 4
0%

 fe
m

al
e 

 R
ic

ke
ts

: 1
3.

5 
m

o 
C

on
tro

ls
 1

3.
0 

m
o 

 Ar
ab

 

C
om

m
un

ity
  

N
A

 
 N

A
 

25
(O

H
)D

^ 
 H

PL
C

 

iP
TH

 (r
ic

ke
ts

 g
ro

up
 

on
ly

) 
25

(O
H

)D
 m

ed
ia

n 
(IQ

R
): 

R
ic

ke
ts

:  
8.

0 
(3

.8
, 1

5.
3)

 
C

on
tro

ls
: 4

3.
8 

(2
5,

 6
4.

3)
, p

 =
 0

.0
01

 
 P

TH
 s

ho
w

ed
 a

 tr
en

d 
to

w
ar

d 
ne

ga
tiv

e 
co

rre
la

tio
n 

w
ith

 2
5(

O
H

)D
 (d

at
a 

N
R

) 
 C

a 
m

ed
ia

n 
(IQ

R
) 

R
ic

ke
ts

: 2
.2

2 
(1

.8
8,

 2
.3

5)
 

C
on

tro
ls

: 2
.4

 (2
.2

5,
 2

.5
), 

p=
 0

.0
01

 
G

ra
ff 

(2
00

4)
87

 
 N

ig
er

ia
  

 N
R

 

15
 C

hi
ld

re
n 

w
ith

 ri
ck

et
s 

 
15

 C
on

tro
ls

 (u
nr

el
at

ed
)  

 60
%

 fe
m

al
e 

 R
ic

ke
ts

: 4
6 

(2
2)

 m
o 

 
C

on
tro

ls
: 4

7 
(2

2)
 m

o 
 R

ic
ke

ts
: 7

 M
us

lim
 a

nd
 8

 
C

hr
is

tia
n 

C
on

tro
ls

: 4
 M

us
lim

 a
nd

 1
1 

C
hr

is
tia

n 

A
ge

, s
ex

 
C

as
es

: 1
,0

00
 

m
g/

d 
C

a 
(n

o 
vi

t D
 

su
pp

le
m

en
t) 

Tr
ea

tm
en

t 
du

ra
tio

n:
 6

 m
o;

 
Fo

llo
w

up
: 1

2 
m

o 

25
(O

H
)D

^ 
 C

P
B

A
 

(N
ic

ho
ls

) 
  

R
ic

ke
ts

 
P

TH
 

(c
he

m
ilu

m
in

es
ce

nt
 

im
m

un
om

et
ric

 
as

sa
y)

  

25
(O

H
)D

 m
ea

n 
(S

D
): 

si
gn

ifi
ca

nt
ly

 lo
w

er
 in

 c
hi

ld
re

n 
w

ith
 

ric
ke

ts
  

R
ic

ke
ts

: 3
7.

5 
(1

3.
5)

  
C

on
tro

ls
: 7

2.
5 

(1
1.

5)
, p

<0
.0

01
 

 P
TH

 m
ea

n 
(S

D
) 

si
gn

ifi
ca

nt
ly

 h
ig

he
r i

n 
ric

ke
ts

 g
ro

up
; 

ric
ke

ts
: 3

2 
(3

3)
 

co
nt

ro
ls

: 4
.0

 (3
.1

), 
p=

0.
00

3 
 C

a 
m

ea
n 

(S
D

) 
R

ic
ke

ts
: 2

.1
3 

(0
.2

) 
C

on
tro

ls
: 2

.4
 (0

.1
), 

p 
<0

.0
01

 
 

M
ol

la
 (2

00
0)

85
 

 K
uw

ai
t 

 N
R

 

10
3 

C
hi

ld
re

n 
w

ith
 ri

ck
et

s 
 

10
2 

C
on

tro
ls

 
 N

R
 

 R
ic

ke
ts

: 1
4.

5 
(5

.2
) m

o 
(r

an
ge

 
9 

m
o 

- 8
y)

 
C

on
tro

ls
: 1

5.
2 

(6
.3

) m
o 

 96
.1

%
 fr

om
 m

ot
he

rs
 w

ith
 

H
ija

b 
us

e 

A
ge

, s
ex

 
S

oc
io

- e
th

ni
c 

ch
ar

ac
te

ris
ti

cs
 

N
A

 
 N

A
 

25
(O

H
)D

^ 
 R

IA
 

R
ic

ke
ts

 
25

(O
H

)D
 m

ea
n 

(S
D

): 
si

gn
ifi

ca
nt

ly
 

lo
w

er
 in

 c
hi

ld
re

n 
w

ith
 ri

ck
et

s:
  

R
ic

ke
ts

: 2
6.

5 
(1

5.
5)

  
C

on
tro

ls
: 8

3.
5 

(7
4.

75
), 

p<
0.

00
01

 
 P

TH
: N

D
  

 C
a,

 m
ea

n 
(S

D
) 

R
ic

ke
ts

: 2
.2

4 
(0

.2
8)

  
C

on
tro

ls
: 2

.4
5 

(0
.1

5)
 p

 <
0.

00
01

 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

	 559

 
39

 

Ta
bl

e 
1 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

in
 E

st
ab

lis
he

d 
R

ic
ke

ts
 in

 In
fa

nt
s 

an
d 

Yo
un

g 
C

hi
ld

re
n 

A
ut

ho
r (

ye
ar

) 

C
ou

nt
ry

 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

 
G

en
de

r 
M

ea
n 

ag
e 

Et
hn

ic
ity

 

M
at

ch
in

g 
va

ria
bl

es
 

D
ur

at
io

n 

25
(O

H
)D

is
of

or
m

 
m

ea
su

re
d 

A
ss

ay
 

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 

R
es

ul
ts

 a
t b

as
el

in
e 

or
 d

ia
gn

os
is

 
Se

ru
m

 2
5(

O
H

)D
 (n

m
ol

/L
) 

Se
ru

m
 P

TH
 (p

m
ol

/L
) 

Se
ru

m
 C

a 
(m

m
ol

/L
) 

O
gi

nn
i (

19
96

)89
 

 N
ig

er
ia

 
 Pu

bl
ic

 

26
 C

hi
ld

re
n 

w
ith

 a
ct

iv
e 

ric
ke

ts
, 9

0 
he

al
th

y 
co

nt
ro

ls
 

 R
ic

ke
ts

: 5
0%

 fe
m

al
e,

 
C

on
tro

ls
: 6

1%
 fe

m
al

e 
 M

ea
n 

ag
e 

N
R

  
C

hi
ld

re
n 

w
ith

 ri
ck

et
s 

ag
e 

ra
ng

e:
 1

-5
 y

 
 N

ig
er

ia
n 

A
ge

, 
co

m
m

un
ity

 
N

A 
 N

A
 

25
(O

H
)D

^ 
 R

IA
 

R
ic

ke
ts

 
PT

H
 (r

ad
io

-
im

m
un

om
et

ric
 

as
sa

y)
 

25
(O

H
)D

 m
ea

n 
(S

D
) (

ra
ng

e)
: 

si
gn

ifi
ca

nt
ly

 lo
w

er
 in

 ri
ck

et
s 

gr
ou

p 
R

ic
ke

ts
: 3

6 
(2

8)
, r

an
ge

 7
-1

47
 

C
on

tro
ls

: 6
9 

(2
2)

, r
an

ge
 3

2-
14

0,
 

p<
0.

00
02

 
 P

TH
 m

ea
n 

(S
D

): 
hi

gh
er

 in
 ri

ck
et

s 
gr

ou
p;

 R
ic

ke
ts

: 5
.9

 
(6

.9
), 

ra
ng

e 
0-

33
.6

 
C

on
tro

ls
: 1

.0
 (1

.2
), 

ra
ng

e 
0-

4.
1,

 
p<

0.
00

1 
 C

a 
(a

lb
um

in
 c

or
re

ct
ed

) m
ea

n 
(S

D
) 

R
ic

ke
ts

: 2
.0

6 
(0

.2
3)

 
C

on
tro

ls
: 2

.3
5 

(0
.1

4)
, p

<0
.0

01
 

Th
ac

he
r 

(2
00

0)
84

 
 N

ig
er

ia
 

 Pu
bl

ic
 

12
3 

A
ct

iv
e 

ric
ke

ts
 

12
3 

C
on

tro
ls

 
 49

.6
%

 fe
m

al
e 

 M
ea

n 
ag

e 
N

R
 

R
ic

ke
ts

: m
ed

ia
n 

(2
5th

 a
nd

 7
5th

 
pe

rc
en

til
e)

 a
ge

: 4
6 

(3
4,

63
) 

m
o 

C
on

tro
ls

: 4
2 

(2
5-

70
) m

o 
 C

hr
is

tia
n/

Is
la

m
: 

R
ic

ke
ts

: 8
2/

41
 

C
on

tro
ls

: 5
7/

66
 

A
ge

, s
ex

 
if 

< 
5 

y,
 

w
ei

gh
t 

N
A

 
 N

A
 

25
(O

H
)D

^ 
   R

IA
 

   

R
ic

ke
ts

 
 P

TH
 (R

IA
) 

25
(O

H
)D

 m
ed

ia
n 

(2
5t

h 
an

d 
75

th
 

pe
rc

en
til

e)
:  

R
ic

ke
ts

: 3
2 

(2
2,

 4
0)

;  
< 

30
 n

m
ol

/L
: 3

7%
 

C
on

tro
ls

: 5
0 

(4
2,

 6
2)

, p
<0

.0
00

1 
 PT

H
 m

ed
ia

n 
(2

5t
h 

an
d 

75
th

 
pe

rc
en

til
e)

: 
R

ic
ke

ts
: 2

0 
(1

3,
 3

1)
  

C
on

tro
ls

: 1
2 

(1
1,

16
), 

p 
=0

.0
06

6 
 C

a 
m

ea
n 

(S
D

) 
R

ic
ke

ts
: 1

.9
3 

(0
.2

2)
 

C
on

tro
ls

: 2
.2

4 
(0

.1
5)

, p
<0

.0
00

1



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

560

 
40

 

Ta
bl

e 
1 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

in
 E

st
ab

lis
he

d 
R

ic
ke

ts
 in

 In
fa

nt
s 

an
d 

Yo
un

g 
C

hi
ld

re
n 

A
ut

ho
r (

ye
ar

) 

C
ou

nt
ry

 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

 
G

en
de

r 
m

ea
n 

A
ge

 (S
D

) 
Et

hn
ic

ity
 

M
at

ch
in

g 
va

ria
bl

es
 

In
te

rv
en

tio
n 

D
ur

at
io

n 

25
(O

H
)D

is
of

or
m

 
m

ea
su

re
d 

A
ss

ay
 

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 

R
es

ul
ts

 a
t b

as
el

in
e 

or
 d

ia
gn

os
is

 
Se

ru
m

 2
5(

O
H

)D
 (n

m
ol

/L
) 

Se
ru

m
 P

TH
 (p

m
ol

/L
) 

Se
ru

m
 C

a 
(m

m
ol

/L
) 

Th
ac

he
r 

(1
99

7)
83

 
 N

ig
er

ia
 

 N
R

 

37
 C

hi
ld

re
n 

w
ith

 a
ct

iv
e 

ric
ke

ts
 

(m
ed

ia
n 

du
ra

tio
n 

of
 1

4 
m

o)
 

37
 H

ea
lth

y 
co

nt
ro

ls
 w

ith
 

no
rm

al
 w

ei
gh

t 
 47

%
 fe

m
al

e 
 R

ic
ke

ts
: 3

.1
6 

(1
.5

3)
 y

  
C

on
tro

ls
 3

.1
4 

(1
.5

1)
 y

 
 Al

l N
ig

er
ia

n 

A
ge

, s
ex

 
N

A
 

 N
A

 

25
(O

H
)D

^ 
  R

IA
 

 

R
ic

ke
ts

 
25

(O
H

)D
  

R
ic

ke
ts

: l
ev

el
s 

> 
LL

N
 in

 1
6/

28
 (5

7%
); 

2/
28

 (7
%

) h
ad

 v
al

ue
s 

< 
12

.5
 n

m
ol

/L
 

C
on

tro
ls

: N
D

 
 P

TH
: N

D
 

 C
a 

m
ea

n 
(S

D
) 

R
ic

ke
ts

: 2
.0

9 
(0

.3
0)

 
C

on
tro

ls
: 2

.0
8 

(0
.3

1)
, N

S
  

55
%

 o
f r

ic
ke

ts
 a

nd
 5

1%
 o

f c
on

tro
ls

 
w

er
e 

hy
po

ca
lc

em
ic

 (<
 2

.1
) 

^ 
V

ita
m

in
 D

 re
fe

rs
 to

 b
ot

h 
or

 o
ne

 u
ns

pe
ci

fie
d 

is
of

or
m

; i
f  

th
e 

is
of

or
m

 w
as

 d
is

cl
os

ed
, i

t i
s 

sp
ec

ifi
ed

 a
s 

vi
ta

m
in

 D
2 o

r D
3; 

 *
 s

ta
ge

 I 
ric

ke
ts

: e
ar

ly
 p

ha
se

 (s
er

um
 c

al
ci

um
 is

 lo
w

 b
ut

 s
er

um
 p

ho
sp

ho
ru

s 
is

 n
or

m
al

); 
st

ag
e 

II:
 s

er
um

 c
al

ci
um

 n
or

m
al

 d
ue

 to
 c

om
pe

ns
at

or
y 

hy
pe

rp
ar

at
hy

ro
id

is
m

; 
st

ag
e 

III
:  

bo
th

 s
er

um
 c

al
ci

um
 a

nd
 p

ho
sp

ho
ru

s 
ar

e 
lo

w
 ; 

 
C

a,
 c

al
ci

um
; C

P
B

A
, c

om
pe

tit
iv

e 
pr

ot
ei

n 
bi

nd
in

g 
as

sa
y;

 H
P

LC
, h

ig
h 

pe
rfo

rm
an

ce
 li

qu
id

 c
hr

om
at

og
ra

ph
y;

 IQ
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 IU
, i

nt
er

na
tio

na
l u

ni
ts

; L
LN

, 
lo

w
er

 li
m

it 
of

 n
or

m
al

 re
fe

re
nc

e 
ra

ng
e;

 m
o,

 m
on

th
(s

); 
N

A
, n

ot
 a

pp
lic

ab
le

: N
D

, n
ot

 d
on

e;
 N

R
, n

ot
 re

po
rte

d;
 P

TH
, p

ar
at

hy
ro

id
 h

or
m

on
e;

 R
IA

, r
ad

io
im

m
un

oa
ss

ay
; 

U
LN

 , 
up

pe
r l

im
it 

of
 n

or
m

al
 re

fe
re

nc
e 

ra
ng

e;
 v

it,
 v

ita
m

in
; y

, y
ea

r 
  



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

APPENDIX C	 561

  
 

41 

Question 1A (Part 2).  Are Specific Circulating 
Concentrations of 25 Hydroxyvitamin D [25(OH)D] 

Associated With Bone Health Outcomes in Infants? 

Overview of Relevant Study Characteristics and Results 

Infancy is defined by the Institute of Medicine as including two subcategories: birth to 6 
months and 6 to 12 months.4  Seven studies included infants 12 months or younger and assessed 
the association between serum 25(OH)D and bone health outcomes.91-97  Of the studies, there 
were three RCTs, two in breast-fed infants92,93 and one in formula-fed infants,91 and four case-
control studies.94-97   

For the three RCTs, bone health outcomes included BMC92,93 and serum PTH levels91-93 
(Table 2).  No RCTs reported results of BMD or evaluated fracture incidence.  Four 
observational studies reported BMC,95-97 BMD,96,97 fractures94 or PTH (Table 2).94-96 

Study characteristics.  Of the three RCTs, two were conducted in the U.S.92,93  Both of these 
trials randomized human milk-fed infants to receive vitamin D2 supplementation (400 IU/d) or 
placebo.  One U.S. RCT was six months in duration,92 and the other was 26 weeks long at which 
time the placebo group were started on supplementation, and both groups were followed until 52 
weeks.93  The RCT by Zeghoud et al. was three months in duration, and randomized infants to 
receive either 500 or 1000 IU/d D2.91  The 25(OH)D assays varied, with two studies using a 
CPBA method91,93 and one using HPLC.92   

None of the four case-control studies were conducted in North America (Table 2). Outcomes 
were assessed at birth in three studies94,95,97 and at two to five months of age in the other.96  One 
study measured circulating 25(OH)D by CPBA,94 two studies used HPLC,95,96 and the fourth 
study97did not report the method. 

Population characteristics.  For the three RCTs, the age at enrolment was within a few days 
of birth.91-93  The sample sizes ranged from 18 to 80 infants, without a predominance of male or 
female gender.  In all three studies,91-93 participants had to be healthy and free of conditions 
known to affect calcium metabolism.  Mean vitamin D and calcium intake were not reported in 
any of the studies, although maternal behavior related to breast feeding was reported in all 
studies.  Baseline 25(OH)D concentrations are summarized in Table 2. 

For the case-control studies, three studies evaluated infants at birth or within the first few 
days of birth,94,95,97 and one study evaluated infants at two to five months of age.96  The sample 
sizes ranged from 21 to 82 infants with sub-categorization as to ethnicity,94 term born,97 season 
of birth,95 or feeding type.96  In all case-control studies, participants had to be healthy and free of 
conditions known to affect calcium and bone metabolism.  Data on dietary vitamin D or calcium 
intake plus exposure to sunshine were only relevant for the study that evaluated two to five 
month old infants,96 and these data were not reported. 

Covariate/confounders.  No relevant covariates or effect modifiers were controlled for in 
the RCTs.  In one RCT, baseline 25(OH)D concentrations were used to divide the study cohort 
into three subcategories91 (Table 2).  Seasonal effects were examined in one study.92  For case-
control studies, matching on gestational age at birth and gender was not reported.  Only one 
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study adjusted for weight when evaluating the relation between 25(OH)D and whole body 
BMC.95 

Outcome characteristics. For the RCTs, BMC of the distal radius was measured by single 
photon absorptiometry,92,93 and PTH was measured using RIA.91-93 

For the case-control studies,  BMC (whole body or spine) and BMD were measured  using 
dual-energy x-ray absorptiometry (DXA).95-97  PTH was measured using RIA techniques.94-96  
Although all studies used RIA techniques to measure PTH, these may have varied in antibody 
specificity and measurement of PTH fragments.98  

One case-control study reported fracture incidence94 although the methodology was not 
reported. 

Study quality. For the RCTs, one trial each scored 1/5,91 3/593 and 4/592 on the Jadad scale.  
The four case-control studies were of fair quality.  

Qualitative synthesis of individual study results. Of the two RCTs measuring BMC of the 
distal radius, one study showed transient elevation in BMC at 12 weeks of age in the 
supplemented group (with serum 25(OH)D concentrations of 95 nmol/L) compared to the 
placebo group (with 25(OH)D concentrations of 50 nmol/L).93 However, by 26 weeks there was 
no significant difference in BMC between the placebo and vitamin D2 supplemented infants who 
continued to have higher serum 25(OH)D levels.  In a second trial by Greer,92 no difference in 
BMC was observed at 3 months in vitamin D2 supplemented or unsupplemented human milk-fed 
infants despite 25(OH)D concentrations of 97 nmol/L in the intervention group compared to 39 
nmol/L in the control group.  At six months, the control group had higher absolute BMC and was 
also noted to have higher levels of the (unsupplemented) D3 isoform.  However, the change in 
BMC from 1.5 to 6 months was not significantly different in the two groups. 

Two case-control studies measured BMC and BMD of the lumbar spine (L1-4).96,97  One 
study observed a negative correlation between 25(OH)D (levels ranging from 10 to 292 nmol/L) 
and spine BMC and BMD at birth but no relation was observed in regression analyses that 
included postnatal age and serum calcium.97 The other study96 did not find a difference in spine 
BMC at two to five months of age when a group of human milk-fed infants with an average 
25(OH)D serum level of 40 nmol/L were compared with a group of formula-fed infants with an 
average 25(OH)D of 73 nmol/L.  8/18 infants in the human milk-fed group and 1/17 in the 
formula-fed group had a serum 25(OH)D level < 28 nmol/L; there was no correlation of BMC 
with serum 25(OH)D concentration. The one study that measured whole body BMC reported a 
positive relation between 25(OH)D and BMC.95  The values for 25(OH)D in this study were on 
average 27 nmol/L for winter born and 75 nmol/L for summer born who had eight percent higher 
whole body BMC at birth. 

Overall, for BMC measurements reflecting mainly cortical bone, including whole body and 
radial assessments, two of three studies showed a positive association between 25(OH)D 
concentrations with BMC, one measuring whole body BMC and one showing a transient 
increase in distal radial BMC at 12 but not 26 weeks.93,95  Of the two studies examining 
predominantly trabecular bone (lumbar spine),96,97 one showed a negative correlation between 
25(OH)D and BMC and BMD at birth that was not evident after using multiple regression; 97 the 
other did not demonstrate any association.

Of the two RCTs reporting PTH levels, one study did not observe differences in PTH 
between vitamin D2 supplemented and non supplemented infants at 1.5 to six months of age.92  
Both groups were characterized by mean serum 25(OH)D levels above 30 nmol/L (measured by 
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HPLC).  At all timepoints, 25(OH)D values were higher in the supplemented group (range of 
means from 75.6 to 97.2 nmol/L compared to means of 39.4 to 58.8 nmol/L in the 
unsupplemented group).  In the other RCT, PTH declined in all groups from birth to three 
months of age while 25(OH)D concentrations increased to at least 46 nmol/L (measured by 
CPBA).91  In that study, all neonates who had abnormally high PTH had serum 25(OH)D < 30 
nmol/L.  In a case-control study, serum PTH was not different among winter and summer born 
infants with mean serum 25(OH)D of 27 and 75 nmol/L respectively (measured by HPLC).95  
Similarly, human milk-fed infants with a mean 25(OH)D concentration of 40 nmol/L did not 
have different serum PTH values than formula-fed infants with a mean 25(OH)D concentration 
of 73 nmol/L (measured by HPLC).96  Lastly, Asian infants had significantly higher PTH 
concentrations and lower 25(OH)D concentrations of 5 to 20 nmol/L (mean 6, SD 4) when 
compared to Caucasian infants characterized by serum 25(OH)D concentrations of 9 to 39 
nmol/L (mean 15, SD 5) (measured by CPBA).94  Overall, these five studies suggest that PTH is 
inversely associated with serum 25(OH)D concentrations at lower 25(OH)D concentrations but 
there was inconsistent evidence for a threshold that may exist somewhere above 27 nmol/L 
(measured by CPBA).  Variable evidence for a threshold may be in part due to the different 
assays used, both to measure serum PTH and serum 25(OH)D.   

Of the studies examining a relation between 25(OH)D and bone health outcomes, most had 
small sample sizes and the baseline 25(OH)D was variable ranging from deficient values around 
the limitation of detection to values above 27 nmol/L.  In studies with repeated measurements, 
the baseline 25(OH)D was not considered as an effect modifier in evaluating the relation 
between 25(OH)D and bone health outcomes.  The three included RCTs used vitamin D2 
supplementations and therefore conclusions cannot be drawn regarding supplementation with the 
D3 isoform.  Lastly, a definitive conclusion as to whether a specific concentration of 25(OH)D is 
associated with an elevated PTH (secondary hyperparathyroidism) is not possible given the 
evidence put forth to date.  Additional studies are required to define a threshold concentration of 
25(OH)D below which serum PTH levels rise.  This will require not only standardization of 
25(OH)D assays but also PTH assays.98   

 

Summary.  Serum 25(OH)D levels and bone health outcomes in infants 
Quantity:  Of the two RCTs examining BMC, one demonstrated no benefit of higher serum 
25(OH)D on radial bone mass while the other showed a transient increase of BMC compared to 
the unsupplemented group at 12 weeks but not 26 weeks. Of the three case-control studies, 
whole body BMC was positively related to and lumbar spine negatively related to serum 
25(OH)D concentrations.  Based on two RCTs and three case-control studies, a rise in PTH was 
either not observed with 25(OH)D concentrations above 27-30 nmol/L or occurred at a lesser 
rate than at lower values, suggesting a threshold value may exist somewhere above 27 nmol/L.   

Quality:  The three RCTs were of fair to high quality (two of the three RCTs had a Jadad score 
of > 3/5) and the four case-control studies were of fair quality.  

Consistency:  There is inconsistent evidence for an association between a specific concentration 
of serum 25(OH)D and the bone health outcome BMC in infants.  Overall, there is fair evidence 
that PTH is inversely associated with serum 25(OH)D concentrations at lower 25(OH)D 
concentrations, but there was inconsistent evidence for a threshold that may exist somewhere 
above 27 nmol/L (measured by CPBA). 
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Question 1A (Part 3).  Are Specific Circulating 
Concentrations of Serum 25 Hydroxyvitamin D [25(OH)D] 
Associated With Bone Health Outcomes in Older Children 

and Adolescents? 

Definition of study populations. The Institute of Medicine defines early childhood as ages 
4 though 8 years, and puberty/adolescence as ages 9 through 13 years, and 14 through 18 years.4  
Grouping by age for the purpose of this report were based on the study populations.  In this 
section, children six years of age or older who had not yet entered puberty were included, and 
adolescence (marked by the onset of puberty) was defined by the presence of at least Tanner 
Stage 2 for sexual development.99  The age groups in the included studies for this section were: 
6-10 years,100 age 9 years,101 8 – 10 years,102 9 -15 years,103 15-16 years,104 10 – 17 years,105 and 
10 – 18 years.106    

Study characteristics. Three studies that included older children (one RCT,102 one 
prospective cohort101and one before-after study100) assessed the association between serum 
25(OH)D concentrations and bone health outcomes. 

Four studies in adolescents assessed the association between 25(OH)D levels and bone health 
outcomes.103-106  There were two cohort studies,103,104 one case-control study106 and one RCT.105  
The first cohort evaluated the association between serum 25(OH)D levels and lumbar spine and 
femoral neck BMD/bone mineral apparent density (BMAD) at baseline and 3 years.103  The 
second cohort study evaluated the seasonal variation in serum 25(OH)D concentrations and its 
relation to intact (i) PTH levels over an 18 month period.104  El Hajj Fuleihan105 evaluated the 
effect of low (1,400 IU/week) and high (14,000 IU/week) dose vitamin D3 on areal BMD and 
BMC of the lumbar spine, hip, forearm, and total body and body composition.  Marwaha106 
evaluated 25(OH)D concentrations in 5,137 children and adolescents (aged 10-18 years) from 
Northern India and the association with serum PTH, ionized calcium and BMD of the forearm 
and calcaneus, with stratification by upper and lower socioeconomic status.  

Bone health outcomes – ascertainment.  For the studies on older children, PTH was 
measured by an immunoradiometric assay that detects the mid-region of the molecule,102 and 
distal radial BMC was measured by single-photon absorptiometry (SPA).102  Javaid101 measured 
whole body and lumbar spine BMC and areal BMD by DXA , and calculated an apparent 
volumetric BMD at nine years of age in relation to maternal third trimester 25(OH)D status. 
Rajakumar100 evaluated the association between serum 25(OH)D concentrations, serum PTH and 
markers of bone turnover.   

For adolescents, lumbar spine BMD, femoral BMD, and lumbar spine bone mineral apparent 
density (BMAD) was measured by DXA103 and iPTH by immunoradiometric assay.104  Fuleihan 
measured areal BMD and BMC at the lumbar spine, hip and forearm, and total body and lean 
body mass by DXA.105  Marwaha106 evaluated forearm and calcaneal BMD using peripheral 
DXA and PTH with an immunoradiometric assay.     

There were no studies that assessed the association between serum 25(OH)D concentrations 
and fractures in older children or adolescents.   

For assessment of 25(OH)D levels, different methods were used depending on the study.  
These included radioimmunoassay or radioimmunometric methods in three studies,101,103,106 and 
CPBA in three studies.100,104,105   
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Population characteristics. For older children, ages ranged from eight to ten years in two 
studies with mixed gender.101,102  Included subjects were aged 6 – 10 years in the Rajakamar 
study who exhibited a combination of pre- and early pubertal status (33/42 pre-pubertal Tanner 
stage I).100  Eligibility criteria for two studies required that participants be healthy, without co-
morbidities.100,102  The prospective cohort study by Javaid did not state whether children with co-
morbidities were excluded.  The mean dietary intake of calcium/vitamin D was reported in two 
studies.100,101 

For adolescents, subjects ranged in age from nine to 16 years.103-106  All patients were at least 
Tanner Stage 2 for pubertal development with the exception of the Marwaha study  which did 
not report pubertal status.  However, the patients in the latter study were 10-18 years of age and 
it is anticipated that the majority were at least Tanner Stage 2 puberty.  The studies involved 
either female,103,105 male,104 or mixed genders.106  Participants were reported as healthy, without 
known co-morbidities, in two of four studies.103,104  The mean dietary intake of calcium/vitamin 
D was reported in three studies.100,103,104  Additional characteristics are summarized in Table 3. 

Confounders/effect modifiers.  In the studies on older children, Javaid adjusted for the age 
of the child at the time of the BMC measurement due to the strong association between age and 
whole body BMC.101  Since bone size can affect the BMD results, volumetric BMD at the 
lumbar spine was calculated.  For adolescents in the 25(OH)D-BMC/BMD cohort study,103 
adjustments were made for the time to followup, and regression analyses were performed to 
determine covariates for BMD and BMC.  El-Hajj Fuleihan105 made adjustments for lean mass 
and bone area, and did exploratory subgroup analyses on pre and post menarcheal girls in their 
analysis of vitamin D status in relation to BMD and BMC.  Marwaha106 adjusted BMD for both 
height and weight. 

Study quality. On the Jadad scale, one RCT scored 3/5102 and one scored 4/5105 indicating 
both were of high quality. The overall study quality for the observational studies was fair.  
Limitations included failure to adjust for relevant confounders or other sources of bias, and 
higher numbers of participants lost to followup. 

Qualitative synthesis of individual study results. In a study of pre-pubertal Finnish girls, 
400 IU vitamin D2, increased serum 25(OH)D levels (measured by RIA) compared with placebo 
but did not impact mid-region PTH or distal radial BMC (SPA) after 13 months.102  Radial BMC 
was not adjusted for bone size in this study.  

In the before-after study by Rajakumar,100 baseline vitamin D status (measured by CPBA 
with deficiency defined as a serum 25(OH)D < 25 nmol/L (10 ng/ml) and insufficiency defined 
as < 50 nmol/L) was negatively correlated with PTH (but not associated with baseline serum 
calcium, phosphorus, albumin, or 1,25-(OH)2D). Serum PTH remained stable at levels of 
25(OH)D around 75 nmol/L.  There were no significant differences between the vitamin D 
insufficient and sufficient groups with regard to gender, weight, height, BMI and skin 
pigmentation. The mean (SD) daily dietary vitamin D intake was 277 (146) IU (mean intakes of 
233 in the insufficiency group and 318 IU in the sufficient group were not significantly 
different).  Dietary calcium intake was significantly higher in the sufficient group.

 

Javaid101 reported that low serum 25(OH)D concentrations (measured by RIA) in mothers 
during late pregnancy were weakly but significantly associated with reduced whole body (r = 
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0.21, p<0.01) and lumbar spine (r = 0.017, p = 0.03) age-adjusted BMC (DXA-Lunar DPX-L).  
Bone mass in children of mothers who were vitamin D deficient (25(OH)D < 28 nmol/L) during 
pregnancy was significantly lower compared to children born to vitamin D sufficient mothers.  
Reduced umbilical venous calcium also predicted reduced childhood bone mass (p = 0.0286).  
Whether this observation is mediated, totally or in part, through an effect on bone size and/or 
muscle mass is not clear.  Maternal vitamin D status was positively associated with whole body 
and spine BMC in the offspring, and neither childhood height nor lean mass was associated with 
maternal 25(OH)D levels.  Adjustment for childhood height did not significantly weaken the 
relation between maternal vitamin D status and whole body BMC.  In contrast, volumetric BMD 
of the lumbar spine (which corrects for bone size) was not associated with maternal vitamin D 
status.  Milk intake and physical activity at age nine were not significant determinants of bone 
mass although these findings do not rule out the possibility that factors such as UV exposure, 
diet and other lifestyle characteristics may have affected bone mass.  When socioeconomic status 
was adjusted for, it did not change the association substantially.  The type of postnatal feeding in 
the first three months also did not affect bone mass.      

For girls age 9 – 15 years, the three year cohort study (N = 171) by Lehtonen-Veromaa 
evaluated the relation between baseline 25(OH)D levels (measured by RIA) and the change in 
lumbar spine (r = 0.35, p < 0.001) and femoral neck BMD (r = 0.32, p < 0.001).  Baseline 
25(OH)D also correlated with the change in LS BMAD (size-corrected form of BMD) (r = 0.35, 
p < 0.001) and FN BMAD (r = 0.24, p < 0.002).  The difference in the percent increase from 
baseline in lumbar spine BMD (adjusted for the followup period) between those with low 
25(OH)D levels (<20 nmol/L) and those with higher 25(OH)D levels was four percent.  The 
difference in lumbar spine BMD was 12.7, 13.1 and 16.7 percent for the lowest, middle and 
highest 25(OH)D tertiles, respectively.103 

In another cohort (N = 175) of French teenage boys, there was a significant negative 
correlation between serum iPTH and 25(OH)D levels (measured by CPBA), with a plateau in 
PTH demonstrated at 25(OH)D levels of 83 nmol/L and above.104  At this level of 25(OH)D, the 
iPTH reached a plateau at 2.48 pmol/L.

El-Hajj Fuleihan105 found a significant association between baseline serum 25(OH)D levels 
(measured by CPBA) and baseline BMD at the lumbar spine (r=0.16, p=0.033), femoral neck (r 
= 0.17, p = 0.028), and radius (r = 0.24, p = 0.002) (DXA-Hologic 4500).  There was also a 
significant association between baseline serum 25(OH)D levels and baseline radius BMC (r = 
0.16, p = 0.033).  The mean baseline serum 25(OH)D was 35 nmol/L (14 ng/ml).  In post hoc 
analyses, there were negative correlations between baseline serum 25(OH)D levels and percent 
change in lumbar spine BMD (r = -0.16, p = 0.044) or subtotal body BMD (r = -0.20, p = 0.009) 
over one year.  Significant negative associations were found between baseline serum 25(OH)D 
levels and percent change in spine, femoral neck and radius BMC.   

After vitamin D supplementation for one year, total hip BMC increased in the high dose  
(14,000 IU/wk) group (pre- and post-menarcheal girls combined) but there were no significant 
changes in BMC or BMD at other skeletal sites.  In an exploratory subgroup analysis in pre-
menarcheal girls alone (N = 34), total body lean tissue mass increased in both supplementation 
groups.  Lumbar spine areal BMD was significantly increased in the low dose (1,400 IU/wk) 
group, and trochanter BMC was increased in both the high and low dose groups. The magnitude 
of the treatment effect was not significant after adjusting for both bone area and lean tissue mass.   
The authors acknowledge a limitation of DXA in evaluating areal BMD and BMC is the lack of 
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consensus on how best to adjust for bone size.  In postmenarcheal girls, there were no differences 
in changes in lean mass, BMD or BMC amongst the three groups.  In boys (data not shown), the 
authors reported there was no consistent positive effect of vitamin D supplementation on lean 
mass, BMD or BMC.  

Marwaha106 showed that children with a lower socioeconomic status had significantly lower 
25(OH)D concentrations (measured by RIA) and mean BMD (unadjusted for bone size) for the 
forearm and calcaneus (DXA-PIXI-1.34) was higher in the upper socioeconomic group.  There 
was a significant negative correlation between serum immunoreactive PTH and 25(OH)D 
concentrations (r = -0.202, p < 0.001).  PTH concentrations only increased at 25(OH)D 
concentrations below 12.5 nmol/L.  There was no significant correlation between the mean 
serum concentration of 25(OH)D and BMD in both groups. 

Summary.  Serum 25(OH)D and bone health outcomes in older children and 
adolescents 
Quantity:  There were seven studies in older children and adolescents (two RCTs, three 
cohorts, one case-control and one before-after study) that evaluated the relation between 
circulating 25(OH)D and bone health outcomes.  In older children, there was one RCT, one 
prospective cohort and one before-after study.  One RCT did not find an association 
between 25(OH)D and distal radial BMC.  Both the RCT and before-after study found no 
evidence of an association between 25(OH)D levels and PTH in older children.   

Three studies in older children or adolescents evaluated serum 25(OH)D and PTH levels, 
and found an inverse non-linear relation with a plateau of PTH  at 25(OH)D levels above 
75-83 nmol/L in two studies (both measured by CPBA) and above 30 nmol/L in another 
(measured by RIA). Two of three studies found a positive association between baseline 
25(OH)D status and BMC/BMD.  The effect of bone size and muscle mass on these 
outcomes in relation to baseline 25(OH)D status was not reported.  One RCT demonstrated 
a significant relation between baseline 25(OH)D and baseline BMD of the lumbar spine, 
femoral neck and radius.  However, only high dose supplementation with 14,000 IU/wk of 
vitamin D3 increased BMC of the total hip.   

Quality:  The two RCTs each scored > 3/5 on the Jadad scale and therefore were of higher 
quality. Most observational studies were of fair quality. 

Consistency: Overall, there was fair evidence of an inverse association between 25(OH)D 
and PTH in adolescents.  There was also fair evidence of an association between serum 
25(OH)D levels and baseline BMD and change in BMD/BMC indices from the studies in 
older children and adolescents. However, the results from two randomized trials of vitamin 
D supplementation have not confirmed a consistent benefit on BMD/BMC across sites and 
age groups. 

One cohort showed that maternal vitamin D status was weakly associated with whole body 
and spine BMC in nine year olds.  Adjustment for childhood height did not significantly 
weaken the relation between maternal vitamin D status and whole body BMC, in contrast 
to the lumbar spine data, where apparent volumetric BMD (adjusts for bone size) was not 
associated with maternal vitamin D status. 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

	 575

 
55

 

Ta
bl

e 
3.

  S
er

um
 2

5(
O

H
)D

 L
ev

el
s 

an
d 

B
on

e 
H

ea
lth

 O
ut

co
m

es
 in

 O
ld

er
 C

hi
ld

re
n 

an
d 

A
do

le
sc

en
ts

 

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

  
A

ttr
iti

on
 

G
en

de
r 

M
ea

n 
ag

e 
Et

hn
ic

ity
  

In
te

rv
en

tio
n 

D
ur

at
io

n 
25

(O
H

)D
A

ss
ay

 
B

on
e 

H
ea

lth
 

O
ut

co
m

es
  

R
es

ul
ts

 
Ja

da
d 

 

A
C

 

R
C

Ts
 

Al
a-

H
ou

ha
la

 
(1

98
8)

10
2  

 Fi
nl

an
d 

 Pu
bl

ic
 

60
 C

hi
ld

re
n,

 8
 - 

10
 y

 o
ld

 
IG

1:
 3

0;
 C

G
: 3

0 
 

 E
xc

lu
de

d:
  

IG
1 

6;
 C

G
 3

 
 %

 fe
m

al
e:

  
IG

1 
62

%
;  

C
G

 4
8%

  
 N

R
; r

an
ge

 8
-1

0 
y  C

au
ca

si
on

 

IG
1:

V
it 

D
2 

40
0 

IU
 5

-7
x 

/w
k 

C
G

: p
la

ce
bo

 
 13

 m
o 

 

25
(O

H
)D

^ 
M

ea
su

re
d 

at
 

ba
se

lin
e 

(1
st
 w

in
te

r)
 

m
id

-s
tu

dy
 (a

ut
um

n)
, 

an
d 

en
d 

of
 s

tu
dy

 
(2

nd
 w

in
te

r)
 

 C
P

B
A

  
 

P
TH

 (m
id

re
gi

on
 4

4-
68

, R
IA

) 
 di

st
al

 ra
di

us
 B

M
C

  
(S

P
A

) 
 

S
er

um
 2

5(
O

H
)D

 m
ea

n 
(S

D
) n

m
ol

/L
 

B
as

el
in

e 
(w

in
te

r)
: 

IG
1:

 4
9.

3(
19

.0
) v

s.
 C

G
: 4

6 
(1

5.
5)

 
M

id
-s

tu
dy

 (a
ut

um
n)

: 
IG

1:
 7

8 
(2

4.
3)

 v
s.

 C
G

 5
9 

(1
7.

8)
 

E
nd

-o
f-s

tu
dy

 (w
in

te
r)

: 
IG

1:
 7

1.
3 

(2
3.

4)
 v

s.
 C

G
 4

3.
3 

(1
9.

5)
,  

p 
< 

0.
01

 
 B

as
el

in
e 

se
ru

m
 P

TH
 m

ea
n 

(S
D

) p
m

ol
/L

: 
IG

1:
 4

0 
(2

0)
; C

G
 3

9 
(1

9)
 (N

S
) 

N
o 

di
ffe

re
nc

e 
be

tw
ee

n 
gr

ou
ps

 in
 P

TH
 a

t 1
3 

m
o 

 N
o 

di
ffe

re
nc

e 
be

tw
ee

n 
gr

ou
ps

 in
 d

is
ta

l r
ad

iu
s 

B
M

C
 a

t 
13

 m
o 

1  
U

nc
le

ar
 

Fu
le

ih
an

 
(2

00
6)

10
5  

 Le
ba

no
n 

 P
riv

at
e 

17
9 

ch
ild

re
n 

an
d 

ad
ol

es
ce

nt
 

gi
rls

 
(3

4 
pr

e-
m

en
ar

ch
ea

l a
nd

  
13

4 
po

st
-

m
en

ar
ch

ea
l) 

IG
1:

 6
2 

IG
2:

 5
9 

C
G

: 5
8 

 Lo
st

 to
 fo

llo
w

 u
p 

or
 d

is
co

nt
in

ue
d:

 
11

 
 10

0%
 fe

m
al

e 
 10

-1
7 

y 
 M

id
dl

e 
E

as
te

rn
 

IG
1:

 1
,4

00
 IU

 
D

/w
k 

IG
2:

14
,0

00
 IU

 
D

/w
k 

 
C

G
: P

la
ce

bo
 

 1 
y 

25
(O

H
)D

^ 
M

ea
su

re
d 

at
 

ba
se

lin
e,

 6
 m

o,
 1

y 
 C

P
B

A
 (I

nc
st

ar
, 

D
ia

So
rin

) 

B
M

D
 a

nd
 B

M
C

 L
S

, 
fo

re
ar

m
, t

ot
al

 b
od

y 
 

D
XA

 
(H

ol
og

ic
 4

50
0A

) 
 

25
(O

H
)D

 m
ea

n 
(S

D
) n

m
ol

/L
 

ba
se

lin
e:

 
IG

1:
 3

5 
(2

2.
5)

 
IG

2:
 3

5 
(2

0.
0)

 
C

G
: 3

5(
17

.5
) 

 1y
: 

IG
1:

 4
2.

5 
(1

5)
 

IG
2:

 9
5 

(7
7.

5)
  

C
G

: 4
0 

(2
0.

0)
 

 C
ov

ar
ia

te
s:

 p
er

ce
nt

 c
ha

ng
e 

in
 b

on
e 

ar
ea

, p
er

ce
nt

 
ch

an
ge

 in
 le

an
 m

as
s 

 
S

ig
ni

fic
an

t a
ss

oc
ia

tio
n 

be
tw

ee
n 

ba
se

lin
e 

se
ru

m
 

25
(O

H
)D

 a
nd

: 
LS

 B
M

D
 (r

=0
.1

6,
 p

=0
.0

33
), 

 
Fe

m
or

al
 n

ec
k 

(r
=0

.1
7,

 p
=0

.0
28

), 
an

d 
 

R
ad

iu
s 

B
M

D
 le

ve
ls

  (
r=

0.
24

, p
=0

.0
02

) 
R

ad
iu

s 
B

M
C

 le
ve

ls
 (r

=0
.1

6,
 p

=0
.0

33
). 

La
rg

es
t i

nc
re

as
es

 in
 b

on
e 

m
as

s 
in

 IG
2 

(h
ig

h 
do

se
) 

su
bj

ec
ts

 w
ith

 lo
w

es
t 2

5(
O

H
)D

 le
ve

ls
 a

t b
as

el
in

e 

4  
U

nc
le

ar
 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

576

 
56

 

Ta
bl

e 
3 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

an
d 

B
on

e 
H

ea
lth

 O
ut

co
m

es
 in

 O
ld

er
 C

hi
ld

re
n 

an
d 

A
do

le
sc

en
ts

 

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

  
A

ttr
iti

on
 

G
en

de
r 

M
ea

n 
ag

e 
Et

hn
ic

ity
 

In
te

rv
en

tio
n 

D
ur

at
io

n 
25

(O
H

)D

A
ss

ay
  

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 
R

es
ul

ts
 

Pr
os

pe
ct

iv
e 

C
oh

or
t S

tu
di

es
 

G
ui

lle
m

an
t 

(1
99

9)
10

4  
 Fr

an
ce

 
 N

R
 

17
5 

H
ea

lth
y 

ad
ol

es
ce

nt
 b

oy
s 

 fr
om

 
a 

jo
ck

ey
 tr

ai
ni

ng
 

ce
nt

er
 

 10
0%

 m
al

e 
 R

an
ge

 1
3 

y 
5 

m
o 

to
 

16
 y

 1
 m

o 
 C

au
ca

si
on

 

N
A

 
25

(O
H

)D
^ 

  
M

ea
su

re
d 

af
te

r 
su

m
m

er
 (S

ep
t–

 O
ct

) 
an

d 
af

te
r w

in
te

r 
(M

ar
ch

-A
pr

il)
 

 C
P

B
A

 
  

iP
TH

 
(im

m
un

or
ad

io
m

et
ric

 
as

sa
y,

 N
ic

ho
ls

) 
 

25
(O

H
)D

 m
ea

n 
(S

D
) 

P
os

t-s
um

m
er

 5
8.

5 
(1

0)
 

P
os

t-w
in

te
r 2

0.
6 

(6
.0

), 
P

=0
.0

00
1 

 iP
TH

 n
eg

at
iv

el
y 

co
rre

la
te

d 
w

ith
 2

5(
O

H
)D

, n
on

-li
ne

ar
, 

(p
 <

0.
00

1,
 r=

-0
.5

04
) 

 A
t >

 s
er

um
 2

5(
O

H
)D

 >
 8

3 
nm

ol
/L

, i
P

TH
 p

la
te

au
 

oc
cu

rre
d 

at
 2

.4
8 

pm
ol

/L
 

 se
as

on
al

 v
ar

ia
tio

n 
in

 m
ea

n 
(S

D
) i

P
TH

: s
um

m
er

 2
.7

6 
(0

.9
7)

 v
s.

 w
in

te
r 4

.2
0 

(1
.2

1)
 p

m
ol

/L
 

Ja
va

id
 

(2
00

6)
10

1  
 U

.K
. 

 Pu
bl

ic
 

19
8 

C
hi

ld
re

n 
w

ith
 

kn
ow

n 
 m

at
er

na
l 

25
(O

H
)D

 s
ta

tu
s 

in
 

th
ird

 tr
im

es
te

r 
(o

rig
in

al
 c

oh
or

t: 
ch

ild
re

n 
bo

rn
 to

 5
96

 
w

hi
te

 w
om

en
 in

 a
 

st
ud

y 
of

 m
at

er
na

l 
nu

tri
tio

n 
an

d 
fe

ta
l 

gr
ow

th
 1

99
1-

 1
99

2 
) 

 9 
y 

ol
d 

 C
au

ca
si

on
 

N
A

 
25

(O
H

)D
^ 

M
ea

su
re

d 
in

 m
ot

he
rs

 
in

 th
ird

 tr
im

es
te

r 
 R

IA
 (I

D
S

) 

To
ta

l b
od

y 
an

d 
lu

m
ba

r 
sp

in
e 

BM
C

 a
nd

 a
re

al
 

B
M

D
 

ca
lc

ul
at

ed
 v

ol
um

et
ric

 
B

M
D

  
(D

XA
 L

un
ar

 D
P

X-
L)

 
 

M
at

er
na

l s
er

um
 2

5(
O

H
)D

 in
 la

te
 p

re
gn

an
ce

y:
  

18
%

 h
ad

 s
er

um
 2

5(
O

H
)D

 le
ve

ls
 <

 2
7.

5 
nm

ol
/L

 a
nd

   
31

%
 h

ad
 le

ve
ls

 2
7.

5-
50

 n
m

ol
/L

 
 M

ot
he

rs
 w

ith
 lo

w
er

 2
5(

O
H

)D
 d

ur
in

g 
pr

eg
na

nc
y 

ha
d 

ch
ild

re
n 

w
ith

 re
du

ce
d 

to
ta

l b
od

y 
(r=

0.
21

, p
=0

.0
08

8)
 

an
d 

lu
m

ba
r s

pi
ne

 B
M

C
 (r

=0
.1

7,
 p

=0
.0

3)
. A

dj
us

tm
en

t 
fo

r h
ei

gh
t d

id
 n

ot
 w

ea
ke

n 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
to

ta
l b

od
y 

B
M

C
 a

nd
 2

5(
O

H
)D

; V
ol

um
et

ric
 L

S
 B

M
D

 
w

as
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 m

at
er

na
l 2

5(
O

H
)D

. 
 ad

ju
st

ed
 fo

r a
ge

 o
f c

hi
ld

 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

	 577

 
57

 

Ta
bl

e 
3 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

an
d 

B
on

e 
H

ea
lth

 O
ut

co
m

es
 in

 O
ld

er
 C

hi
ld

re
n 

an
d 

A
do

le
sc

en
ts

 

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

  
A

ttr
iti

on
 

G
en

de
r 

M
ea

n 
ag

e 
Et

hn
ic

ity
 

In
te

rv
en

tio
n 

D
ur

at
io

n 
25

(O
H

)D
A

ss
ay

  
B

on
e 

H
ea

lth
 

O
ut

co
m

es
 

R
es

ul
ts

 

Le
ht

on
e-

V
er

om
aa

 
(2

00
2)

10
3  

 Fi
nl

an
d 

 Pu
bl

ic
 

19
1 

H
ea

lth
y 

ad
ol

es
ce

nt
 g

irl
s 

 15
 (7

.9
%

) d
ro

pp
ed

 
ou

t d
ur

in
g 

th
e 

3 
y 

(fi
na

l N
=1

71
) 

 10
0%

 fe
m

al
e 

 12
.9

 (1
.7

) y
, r

an
ge

 9
-

15
 y

 
 C

au
ca

si
an

 

N
A

 
25

(O
H

)D
^ 

ba
se

lin
e,

 1
 a

nd
 3

 y
 

 R
IA

 (D
ia

S
or

in
) 

 

LS
 B

M
D

 a
nd

 B
M

A
D

  
FN

 B
M

D
 a

nd
 B

M
A

D
  

D
XA

  
(Q

D
R

 4
50

0C
 H

ol
og

ic
) 

 

25
(O

H
)D

 m
ea

n 
(S

D
) n

m
ol

/L
 

ba
se

lin
e:

 3
4.

0 
(1

3.
2)

 (w
in

te
r) 

1 
y:

 3
3.

2 
(1

1.
1)

 
3 

y:
 4

0.
6 

(1
5.

8)
  

 B
as

el
in

e 
25

(O
H

) D
 c

or
re

la
te

d 
w

ith
 

 L
S

 B
M

D
 (r

=0
.3

5,
 

p 
< 

0.
00

1)
 a

nd
 

 F
N

 B
M

D
 (r

=0
.3

2,
 p

 <
 0

.0
01

) 
 B

as
el

in
e 

25
(O

H
)D

 c
or

re
la

te
d 

w
ith

 
 L

S
 B

M
A

D
 (0

.3
5,

 
p 

< 
0.

00
1)

 a
nd

 
 F

N
 B

M
A

D
 (0

.2
4,

 p
 <

 0
.0

02
) 

 A
dj

us
te

d 
fo

r: 
ba

se
lin

e 
re

pr
od

uc
tiv

e 
y,

 b
on

e 
m

in
er

al
 

va
lu

es
, i

nc
re

as
es

 in
 h

ei
gh

t a
nd

 w
ei

gh
t, 

m
ea

n 
in

ta
ke

 
of

 c
al

ci
um

 a
nd

 m
ea

n 
am

ou
nt

 o
f p

hy
si

ca
l a

ct
iv

ity
 

S
ig

ni
fic

an
t c

or
re

la
tio

n 
be

tw
ee

n 
ba

se
lin

e 
25

(O
H

)D
 a

nd
  

 3
-y

 a
dj

us
te

d 
LS

 o
r F

N
 B

M
D

 a
nd

 B
M

A
D

.  
 D

iff
er

en
ce

 in
 m

ea
n 

3-
y 

 L
S 

B
M

D
 b

et
w

ee
n 

gr
ou

p 
w

ith
 

ba
se

lin
e 

25
(O

H
)D

<2
0 

nm
ol

/L
 a

nd
 g

ro
up

 w
ith

 b
as

el
in

e 
25

(O
H

)D
  

37
.5

 w
as

 4
%

.  



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

578

 
58

 

Ta
bl

e 
3 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

an
d 

B
on

e 
H

ea
lth

 O
ut

co
m

es
 in

 O
ld

er
 C

hi
ld

re
n 

an
d 

A
do

le
sc

en
ts

 

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

  
A

ttr
iti

on
 

G
en

de
r 

M
ea

n 
ag

e 
Et

hn
ic

ity
 

In
te

rv
en

tio
n 

D
ur

at
io

n 
25

(O
H

)D
(is

of
or

m
 m

ea
su

re
d)

 
A

ss
ay

 

B
on

e 
H

ea
lth

 
O

ut
co

m
es

 
R

es
ul

ts
 

C
as

e-
C

on
tr

ol
 S

tu
di

es
 

M
ar

w
ah

a 
(2

00
5)

10
6  

 In
di

a 
 N

R
 

51
37

 H
ea

lth
y 

sc
ho

ol
 

ch
ild

re
n 

30
89

 fr
om

 L
ow

er
 

So
ci

al
 E

co
no

m
ic

 
S

ta
tu

s 
(L

S
E

S
), 

 
20

48
 fr

om
 U

pp
er

 
So

ci
al

 E
co

no
m

ic
 

S
ta

tu
s 

(U
S

E
S

)  
 %

 fe
m

al
e:

 
LS

E
S

: 6
5.

1%
 

U
S

E
S

: 5
2.

7%
 

 M
ea

n 
ag

e 
N

R
 

R
an

ge
 1

0 
– 

18
 y

 
 In

di
an

 

N
A

 
25

(O
H

)D
^ 

 R
IA

  
M

ea
su

re
d 

in
 s

ub
se

t N
 =

 
74

0 

B
M

D
 (d

is
ta

l 
fo

re
ar

m
 a

nd
 

ca
lc

an
eu

m
) u

si
ng

 
D

XA
 

(L
un

ar
 P

IX
I-1

.3
4)

) 
m

ea
su

re
d 

in
 s

ub
se

t 
N

 =
 5

55
 

 iP
TH

 
(im

m
un

or
ad

io
m

et
ri

c 
as

sa
y,

 D
ia

S
or

in
) 

N
 =

 7
40

 
  

S
er

um
 2

5(
O

H
)D

 m
ea

n 
(S

D
): 

29
.5

 (1
8)

 
LS

E
S

: 2
6 

(1
); 

U
S

E
S

: 3
4 

(1
)  

25
(O

H
)D

 <
 2

2.
5 

nm
ol

/L
: 3

5.
7%

; L
S

E
S

 4
2.

3%
 v

s.
 

U
S

E
S

 2
7%

, p
 <

 0
.0

1 
 P

re
va

le
nc

e 
of

 c
lin

ic
al

 v
ita

m
in

 D
 d

ef
ic

ie
nc

y 
(d

ef
in

ed
 b

y 
ge

nu
 v

ar
um

 o
r g

en
u 

va
lg

um
): 

LS
E

S
 1

1.
6%

 v
s.

 U
S

E
S

 
9.

7%
, p

=0
.0

7 
 Fo

re
ar

m
 m

ea
n 

B
M

D
  s

ig
ni

fic
an

tly
 h

ig
he

r (
p<

0.
01

) i
n 

U
S

E
S

 g
ro

up
 c

om
pa

re
d 

to
 L

S
E

S
 

B
M

D
 a

dj
us

te
d 

fo
r h

ei
gh

t a
nd

 w
ei

gh
t 

 S
er

um
 C

a 
no

 s
ig

ni
fic

an
t  

di
ffe

re
nc

e 
be

tw
ee

n 
gr

ou
ps

 
bu

t d
ie

ta
ry

 c
al

ci
um

 in
ta

ke
 lo

w
er

 in
 L

S
E

S
 g

ro
up

 
 N

o 
si

gn
ifi

ca
nt

 c
or

re
la

tio
n 

be
tw

ee
n 

B
M

D
 a

nd
 s

er
um

  
25

(O
H

)D
 in

 e
ith

er
 g

ro
up

 
 S

ig
ni

fic
an

t n
eg

at
iv

e 
co

rre
la

tio
n 

be
tw

ee
n 

P
TH

 a
nd

 2
5 

(O
H

)D
, r

=0
.0

20
, p

<0
.0

1 
 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

	 579

 
59

 

Ta
bl

e 
3 

(c
on

tin
ue

d)
.  

Se
ru

m
 2

5(
O

H
)D

 L
ev

el
s 

an
d 

B
on

e 
H

ea
lth

 O
ut

co
m

es
 in

 O
ld

er
 C

hi
ld

re
n 

an
d 

A
do

le
sc

en
ts

 

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
 

Fu
nd

in
g 

Po
pu

la
tio

n,
 N

  
A

ttr
iti

on
 

G
en

de
r 

M
ea

n 
ag

e 
Et

hn
ic

ity
 

In
te

rv
en

tio
n 

D
ur

at
io

n 
25

(O
H

)D
(Is

of
or

m
 M

ea
su

re
d)

 
A

ss
ay

 
B

on
e 

H
ea

lth
 

O
ut

co
m

es
 

R
es

ul
ts

 

B
ef

or
e-

A
fte

r S
tu

di
es

 
R

aj
ak

um
ar

 
(2

00
5)

10
0  

 U
.S

. 
 Pu

bl
ic

 
 

42
 H

ea
lth

y 
 6

 - 
10

 y
 

ol
ds

 
Ta

nn
er

 s
ta

ge
 I/

II 
(8

1%
 I)

 
S

ki
n 

ty
pe

 II
I/I

V
 (8

1%
 

IV
) 

Vi
t D

 d
ie

ta
ry

 in
ta

ke
: 

m
ea

n 
(S

D
) 2

77
 (1

46
) 

IU
/d

  
16

/4
1 

(3
9%

) d
ie

ta
ry

 
in

ta
ke

 <
 2

00
 IU

/d
 

  2 
w

ith
dr

ew
 fo

r 
pe

rs
on

al
 re

as
on

s 
 34

%
 fe

m
al

e 
 8.

9 
(1

.2
) y

   
(ra

ng
e 

6 
-1

0 
y)

 
 Af

ric
an

 A
m

er
ic

an
 

V
it 

D
 4

00
 IU

/ d
 

(is
of

or
m

 n
ot

 
sp

ec
ifi

ed
) 

 1 
m

o 

25
(O

H
)D

^ 
M

ea
su

re
d 

at
 b

as
el

in
e 

an
d 

1 
m

o 
 C

P
B

A
 (N

ic
ho

ls
 

A
dv

an
ta

ge
 

ch
em

ilu
m

in
es

ce
nc

e)
 

  

iP
TH

  
(Im

m
ul

ite
 iP

TH
 

ch
em

ilu
m

in
es

ce
nt

 
as

sa
y)

 
 

S
er

um
 2

5(
O

H
)D

 m
ea

n 
(S

D
) n

m
ol

/L
 

ba
se

lin
e:

 6
0.

0 
(2

6.
3)

  
49

%
 <

 5
0 

 
71

%
 <

 7
5 

 
 G

ro
up

 1
 =

 2
5(

O
H

)D
 <

 5
0 

nm
ol

/L
 a

t b
as

el
in

e:
 3

8.
5 

(8
.0

) 
G

ro
up

 2
 =

 2
5(

O
H

)D
 >

 5
0 

nm
ol

/L
 a

t b
as

el
in

e:
 8

0.
3 

(2
0.

5)
 

 1 
m

o 
(to

ta
l g

ro
up

): 
68

.8
 (1

8.
8)

 
G

ro
up

 1
: 5

7.
5 

(1
6)

  
G

ro
up

 2
: 7

9.
5 

(1
4.

5)
 

In
cr

ea
se

 in
 s

er
um

 2
5(

O
H

)D
 w

as
 o

bs
er

ve
d 

on
ly

 in
 g

ro
up

 
1 7/

39
 (1

8%
) o

f g
ro

up
 1

 c
on

tin
ue

d 
to

 h
av

e 
a 

le
ve

l <
 5

0 
nm

ol
/L

 a
fte

r 1
 m

o 
of

 s
up

pl
em

en
ta

tio
n 

 N
eg

at
iv

e 
co

rre
la

tio
n 

be
tw

ee
n 

25
(O

H
)D

 a
nd

 P
TH

 a
t 

ba
se

lin
e 

(r
 =

 -0
.3

25
, p

 =
 0

.0
38

) 
In

fle
ct

io
n 

po
in

t f
or

 P
TH

 s
ta

rte
d 

at
 2

5(
O

H
)D

 ~
 7

5 
nm

ol
/L

 
 iP

TH
 m

ea
n 

(S
D

) p
m

ol
/L

 
B

as
el

in
e:

 4
.6

2 
(1

.9
)  

1 
m

o:
 4

.2
4 

(2
.1

)  
 N

eg
at

iv
e 

co
rre

la
tio

n 
of

 2
5(

O
H

)D
 w

ith
 b

od
y 

w
ei

gh
t (

r =
 -

0.
37

8,
 p

 =
 0

.0
15

) a
t b

as
el

in
e 

 N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
at

 b
as

el
in

e 
or

 1
 m

o 
 in

 
m

ar
ke

rs
 o

f b
on

e 
tu

rn
ov

er
, 1

,2
5-

(O
H

) 2
D

 o
r P

TH
 b

et
w

ee
n 

gr
ou

ps
 w

ith
 2

5(
O

H
)D

 <
 5

0 
nm

ol
/L

 o
r >

 5
0 

nm
ol

/L
 a

t 
ba

se
lin

e 
B

M
C

, b
on

e 
m

in
er

al
 c

on
te

nt
; B

M
D

, b
on

e 
m

in
er

al
 d

en
si

ty
; B

M
A

D
, b

on
e 

m
in

er
al

 a
pp

ar
en

t d
en

si
ty

; C
G

, c
on

tro
l g

ro
up

; C
P

B
A

, c
om

pe
tit

iv
e 

pr
ot

ei
n 

bi
nd

in
g 

as
sa

y;
 d

, d
ay

; 
D

XA
, d

ua
l X

-r
ay

 a
bs

or
pt

io
m

et
ry

; I
G

, i
nt

er
ve

nt
io

n 
gr

ou
p;

 iP
TH

, i
nt

ac
t p

; a
ra

th
yr

oi
d 

ho
rm

on
e;

 L
S

E
S

, l
ow

er
 s

oc
io

ec
on

om
ic

 s
ta

tu
s;

 m
o,

 m
on

th
(s

); 
FN

, f
em

or
al

 n
ec

k;
 L

S
, 

lu
m

ba
r s

pi
ne

; R
IA

, r
ad

io
im

m
un

oa
ss

ay
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 S

P
A

, s
in

gl
e 

ph
ot

on
 a

bs
or

pt
io

m
et

ry
 U

S
E

S
, u

pp
er

 s
oc

io
ec

on
om

ic
 s

ta
tu

s;
 y

, y
ea

r 
  



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

580	 DIETARY REFERENCE INTAKES FOR CALCIUM AND VITAMIN D

60 

Question 1B.  Are Specific Circulating Concentrations of 25-
Hydroxvitamin D [25(OH)D] Associated with Bone Health 

Outcomes in Pregnant and Lactating Women? 

 

Vitamin D is essential for calcium homeostasis in the body including transport of calcium 
across the placenta in order to provide the fetus with mineral, especially during the last trimester 
of pregnancy.  The rate of fetal accretion of calcium increases from approximately 50 mg/day at 
20 weeks gestation to 330 mg/day at 35 weeks.107  To provide for such fetal calcium needs, 
physiological changes occur naturally during pregnancy so that intestinal absorption of calcium 
is doubled;  this occurs via an up-regulation of the active hormone of vitamin D, 1,25-(OH)2D.  
The mechanism mediating the increase in vitamin D activity is not fully understood; it may 
involve pregnancy-associated hormones, placental synthesis of vitamin D, or a change in the 
balance between production of 1,25-(OH)2D and 24,25-(OH) 2D.  During lactation, the typical 
daily loss of calcium has been estimated to range from 280 to 400 mg.  To meet these demands, 
skeletal calcium is released by temporary bone demineralization.  This section presents the 
results of studies that investigated the association between vitamin D status in pregnant or 
lactating women and their bone health outcomes. 

 

Overview of Relevant Study Characteristics and Results  

Five observational studies evaluated the association between vitamin D status and bone 
health outcomes in mothers, or their offspring.  One prospective study101 involved the analysis of 
the bone status by DXA at nine years of age in 198/596 previously studied offspring and the 
results of this study are summarized in the section on children (Section 1A part 3).  The 
remaining four studies provided data on changes in vitamin D status during pregnancy, and the 
effect of maternal vitamin D status during pregnancy on outcomes of birth gestation or size.  All 
studies included serum 25(OH)D measurements and other markers of calcium homeostasis.  
Study characteristics and 25(OH)D assays are outlined in Table 4. 

The time of assessment of vitamin D status, the assay method for 25(OH)D and bone health 
outcomes varied across studies which precluded quantitative synthesis of results. 

 

Vitamin D Status in Pregnant and Lactating Women 

Study characteristics. Three prospective cohort studies reported on vitamin D status during 
pregnancy,108-110 one included assessment six weeks postpartum109 and one also measured 
25(OH)D concentrations postpartum and during lactation.108  A prospective cohort study110 
measured vitamin D status in early pregnancy (11 weeks) and at the beginning of the third 
trimester and then assessed the relationship between vitamin D status with infant size at birth. 

In the before-after study, serum 25(OH)D and PTH were measured.111  The study duration 
was from first “booking” into the maternity clinic (presumably in the first trimester) to delivery 
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with measurement of vitamin D status at 36 weeks of gestation for those mothers identified as 
vitamin D deficient at baseline. 

Bone health outcomes. Only one of the prospective cohort studies in lactating women 
included change in bone mineral density as an outcome.108  None of the included studies 
evaluated bone mineral content (BMC), fractures or ultrasound parameters as an outcome.  Three 
studies evaluated serum PTH concentrations as an outcome.108,109,111  One study evaluated 
maternal vitamin D status during pregnancy and the association with infant body size at birth.110 

Population characteristics.  Sample sizes ranged from 40 to 160 women who were recruited 
during pregnancy.  Mean vitamin D intake and calcium intake were not reported for any of the 
studies which is important given that calcium intake modulates serum PTH.  All studies involved 
pregnant women but ethnicity and geographical location varied widely.  One study enrolled non-
European ethnic minority women,111 another study enrolled only Asian women,109 and two 
studies enrolled mainly Caucasian women.108,110 

Confounders/covariates.  Intake of vitamin D supplements111 was identified as covariate in 
one study.  Sowers108 used multiple linear regression and linear mixed models (paired 
comparisons between early and late pregnancy) to examine the predictability of calciotrophic 
hormones on the rate of change in BMD of the spine and femoral neck, after adjusting for 
concentrations of other hormones and the time since parturition.  Morley adjusted for maternal 
BMI, smoking during pregnancy, and maternal PTH levels in the evaluation of the association of 
serum 25(OH)D levels at less than 16 weeks and 28 weeks gestation with offspring birth size.110 
One study did not adjust for any confounders in the analysis.111 

Outcome characteristics.  One cohort study measured BMD with dual energy x-ray 
absorptiometry (DXA) at the femoral neck and lumbar spine over 4 to 6 time points ranging from 
just after delivery to 18 months postpartum during lactation.108  Midmolecule or Intact PTH was 
measured using radioimmunoassay,108 immunoradiometric assay,109 or chemiluminescent 
methodology.110,111 

 

Qualitative Synthesis of Individual Study Results 

Maternal vitamin D status. In the study of non-European minority women from South 
Wales,111 50 percent of the women were vitamin D deficient at the first antenatal visit, using a 
criterion of serum 25(OH)D < 20 nmol/L.  Vitamin D supplementation (800-1600 IU) D during 
pregnancy normalized vitamin D status in 60 percent of the deficient group.  In the study in 
Saudi Arabia of 40 Asian women,109 serum 25(OH)D declined significantly from baseline (about 
11 weeks gestation) to the third trimester (mean of 31.4 wk of gestation) and remained low 
through to 6 weeks post-delivery.  However, at all timepoints, mean serum 25(OH)D 
concentrations were within the normal range of a reference group of non-pregnant women (N = 
280) who were healthy and non-lactating, suggesting that although serum levels decline during 
the end of the third trimester, they do not differ extensively from those of the non-pregnant state.  
None of the pregnant women were classified as having subclinical vitamin D deficiency 
(25(OH)D < 20 nmol/L).  In the study110 in primarily Caucasian women in Australia, serum 
25(OH)D was similar at recruitment (11 weeks of gestation) and at the beginning of the third 
trimester of pregnancy (28-32 weeks of gestation) but there were significant differences between 
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mean values in winter versus summer months.  The percent who were vitamin D deficient (9-10 
percent as defined by 25(OH)D < 28 nmol/L) was significantly greater in winter than summer. 

One cohort study assessed vitamin D status postpartum and in relation to breast-feeding.108  
There was a non-significant trend to a decline in vitamin D status in the initial 2-4 months and
the pattern was not influenced by the season of birth.  Vitamin D status was not influenced by the 
duration of breast-feeding.  The percent of women who were vitamin D deficient was not 
provided but based on the mean values, some of the women would have had 25(OH)D values 
less than 20 nmol/L.  Data on vitamin D intake or sun exposure were not provided. 

Vitamin D status and bone health outcomes. In the cohort study by Sowers, bone mineral 
density of lumbar spine and femoral neck was measured in 115 mothers with different breast-
feeding practices during the postpartum period and vitamin D status was not associated with 
changes in BMD of the femur or spine.108  Women were recruited during the third trimester, 
lumbar spine BMD was measured at two weeks, 6, 12 and 18 months postpartum and femoral 
neck at two weeks, two, four, six, 12 and 18 months.  Serum PTH and the other calciotrophic 
hormones were not associated with changes in femoral or lumbar spine BMD, suggesting that 
25(OH)D, PTH and 1,25-(OH)2D do not explain the calcium mobilization and bone turnover that 
occurs during lactation.108 

In the before-after study in pregnancy,111 serum 25(OH)D did not appear to correlate with 
serum PTH concentrations, with 65/80 women with low 25(OH)D having PTH in the normal 
range. 

In a prospective cohort study on 40 Asian women (280 non-pregnant controls),109 serum 
25(OH)D levels negatively correlated with intact PTH (r = -0.62, 0<0.001).  In this study, serum 
osteocalcin, a bone formation marker was below the reference range observed in non-pregnant 
women, and declined in the second trimester compared to the first, but then rose to within or 
above the reference range at term and 6 weeks postpartum.  This suggests changes in bone 
turnover do occur during early pregnancy, irrespective of normal vitamin D status.  

In the prospective cohort study by Morley there was no association between baseline 
maternal 25(OH)D concentrations and measures of infant size at birth.111  There was an inverse 
association between maternal log2 25(OH)D and log2 PTH.  Using the maternal 25(OH)D 
concentrations at 28-32 weeks, the mean gestational length was significantly shorter (0.7 weeks, 
95% CI -1.3,-0.1 weeks) in the vitamin D-deficient mothers compared to mothers with 25(OH)D 
concentrations over 28 nmol/L.  This association was not altered by inclusion of log2 PTH, 
serum calcium and albumin concentrations.  Infants born to mothers who were vitamin D 
deficient at 28-32 weeks gestation, had lower mean knee-heel length (-2.7 mm) compared to 
infants born to mothers who were not vitamin D deficient, after adjusting for gestation length.110  
Further non-parametric smooth regression analysis and adjustment of confounders suggested the 
possibility of a linear association when 25(OH)D levels were below 30-40 nmol/L, but there was 
no association at higher 25(OH)D levels.  Low maternal 25(OH)D levels were associated with a 
negative impact on long bone growth and the authors postulated that maternal PTH may affect 
fetal growth via an affect on 1,25-(OH)2D production.110 
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Study quality.  There were no RCTs identified that evaluated the association between serum 
25(OH)D concentrations and bone health outcomes in pregnant and lactating women.  The 
before-after study111 was poorly designed, lacked detail regarding the duration and compliance 
with the vitamin D supplements, and the analyses were incomplete.  A limitation of the included 
studies was failure to adjust for all relevant covariates.  Only one six-week cohort study was 
considered to be of good quality, since it included an age-matched non-pregnant cohort with 
control values for all biochemical measurements (N = 280) and provided six serial measures with 
no attrition during followup.109  The cohort study conducted during lactation,108 was of good 
quality as it included six serial biochemical measures, four measures of spinal BMD and six of 
femoral neck BMD throughout lactation, and adjusted for a number of covariates.  The one study 
in which the primary outcome  was size of offspring at birth was judged to be of fair quality due 
to loss of followup of over 20 percent.110 

 

Summary.  Serum 25(OH)D levels and bone health outcomes in pregnancy and lactation
Quantity:  Four studies (no RCTs, three cohorts, one before-after study) assessed vitamin D 
status at various time points in pregnancy with vitamin D deficiency being observed in 0 to 50 
percent of subjects. Only one cohort study (N=115) included maternal BMD as an outcome and 
there was no relation between vitamin D status and postpartum changes in BMD. 

Quality:  Quality scores ranged from poor to good.  Skin color, vitamin D supplementation, 
calcium intake and sun exposure were not controlled for or assessed in all studies. 

Consistency:  Two studies observed no change in vitamin D status during pregnancy, whereas 
another observed a decline in serum 25(OH)D from the 1st to 3rd trimester.  There was insufficient 
evidence on the association between 25(OH)D and change in bone density during pregnancy.  One 
good prospective cohort did not find an association between serum 25(OH)D and the changes in 
BMD that occur during lactation.  There was fair evidence that serum 25(OH)D correlated 
negatively with PTH levels in pregnancy.  Limitations in the study design and sources of bias 
highlight the need for additional research on vitamin D status in pregnancy and lactation, and the 
association with bone health outcomes.
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Question 1C.  Are Specific Circulating Concentrations of 25 
Hydroxyvitamin D [25(OH)D] Associated With Bone Health 
Outcomes in Postmenopausal Women and Elderly Men? 

 
Overview of Relevant Studies 

This section summarizes the evidence from the studies that investigated the association 
between serum 25(OH)D concentrations and bone health outcomes in postmenopausal women 
and/or elderly men.  The discussion focuses on observational studies and only the few (vitamin D 
supplementation) RCTs that specifically investigated the association of serum 25(OH)D with one 
or more bone health outcomes are discussed.  The majority of RCT data are presented in 
Question 3.  Tables 5-8 summarize the studies included in this section, including the vitamin D 
assays used. 

For the prospective cohorts, assessment of study quality was based on a number of factors 
including how representative the cohort was, the method of ascertainment of the outcome, 
whether key confounders were adjusted for in the analysis, the adequacy of followup, size of the 
study and whether the main objective was to evaluate the association between serum 25(OH)D 
and bone health outcomes.  For the case-control studies, study quality was evaluated based on 
whether methods were used to minimize sample bias: for example, similar sampling of cases and 
controls, matching on relevant variables and the use of population based controls or more than 
one control group. 

Study characteristics. A total of 41 studies (42 records) evaluated the association between 
serum 25(OH)D concentrations and bone health outcomes in postmenopausal women and elderly 
men.  Of these 41 studies, 10 were RCTs,112-121 14 were single prospective cohorts,122-135 and 17 
were case-control studies (18 records).29,136-152   One publication was companion paper,146,147 and 
we refer to the primary record with the most relevant data in the results.146  Study characteristics 
such as population, sample size, duration of followup, country, and 25(OH)D assays are 
summarized in Tables 6-8. 

Variability in the measurement and reporting of serum 25(OH)D and bone health outcomes, 
along with differences in populations precluded formal meta-analysis.  The results are reported 
by bone health outcome: fractures, bone mineral density (BMD), falls and performance 
measures. 

 

Association with Fractures 

Study characteristics.  Fifteen studies reported on the relation between serum 25(OH)D and 
fractures.  Of the 15 studies, three were single prospective cohort studies130,131,133 and 12 case-
control studies (Table 6).29,137,139,141,142,144-146,148-151

Population characteristics.  Two cohorts included females only131,133 and one cohort130 
included both genders.  Six case-control studies included females,29,137,139,142,145,148 one included 
males only,150 four included both genders,141,144,146,151 and one study did not specify the 
gender.149
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Fracture outcomes and ascertainment.  Gerdem included low-trauma fractures (hip, wrist, 
humerus, vertebral) identified in followup interviews with participants and from a hospital x-ray 
database.131  Cummings included x-ray-confirmed hip and vertebral fractures133 and Woo 
included osteoporotic fractures (hip, wrist and vertebral) that were validated with hospital 
records or death certificates.130  All case-control studies involved hip fracture cases. 

Cohorts. The study quality of the cohorts ranged from poor130 to good.133  Losses to 
followup ranged from 6 to 34 percent.  Two studies reported adjusting for weight and one also 
adjusted for BMD, age and use of estrogen and self-rated health.133  Duration of followup ranged 
from 30 months to a maximum of 5.9 years. 

Woo et al. (1990), followed 427 independently living elderly Chinese subjects (mean age 69 
years for men and 70 years for women) for 2.5 years to determine which biochemical variables 
predicted fractures.  A relative risk of fractures for subjects with lower serum 25(OH)D levels 
(<79 nmol/L in males and < 65.5 nmol/L in females) was reported but the confidence intervals 
were wide and the result was not significant (RR 3.42, 95% CI, 0.79-14.9).  The study had a 
number of limitations, including a high loss to followup (34 percent), a low event rate (only nine 
subjects had fractures) and a lack of adjustment for confounders such as BMD and age (although 
adjustment was made for alcohol intake, smoking and BMI).130 

Gerdhem et al. (2005) evaluated the association between 25(OH)D and fractures in a three 
year prospective cohort of 1044 ambulatory women in Sweden.  The mean 25(OH)D level was 
95 ± 30 nmol/L.  Only 4.4 percent of subjects had a serum 25(OH)D level below 50 nmol/L.  Of 
the cohort, 119/986 (12 percent) sustained a low-trauma fracture (159 fractures).  Nine out of the 
43 women (21 percent) who had 25(OH)D levels below 50 nmol/L had at least one fracture 
versus 110 of 943 (12 percent) women with levels above 50 nmol/L, representing a two fold 
increased risk of fracture (HR 2.04, 95% CI 1.04-4.04).  Women with serum 25(OH)D levels 
below 75 nmol/L had a hazard ratio of 1.01, (95% CI 0.71-1.61).  When women who took 
vitamin D supplements were excluded from the analysis, those with a 25(OH)D level < 50 
nmol/L had a hazard ratio of 1.99 (95% CI 0.97-4.0).  It was unclear if relevant confounders 
were adjusted for.131

Cummings et al. (1998) in a prospective cohort of 9,704 Caucasian community-dwelling 
women age 65 years and older evaluated risk factors for hip and vertebral fractures.133  Women 
were followed for a maximum of 5.9 years, and a random sample was selected from the subset of 
the original cohort who experienced fractures (N = 133 hip and 138 vertebral fracture cases).  
Controls were randomly selected from the same cohort (case-cohort) and logistic regression and 
proportional hazards analysis were used to evaluate predictors.  Variables adjusted for included 
age, weight, BMD, season, and use of vitamin D supplements.  Twenty-two percent of subjects  
had 25(OH)D levels below 47.5 nmol/L.  The authors did not report a significant association 
(adjusted for age and weight) between serum 25(OH)D concentrations and risk of hip (RR 1.2, 
95% CI 0.7-1.9) or vertebral fractures (RR 1.1, 95% CI 0.6-1.8) in those with serum 25(OH)D 
concentrations <47.5 nmol/L.  They did report an association between lower serum 1,25-
(OH)2D3 levels and risk of hip fractures but not vertebral fractures. 

Case-controls. All 12 case-control studies reported cases of hip fractures (radiographically 
confirmed).29,137,139,141,142,144-146,148-151 

Nine case-control studies matched cases and controls on age.29,137,139,141,142,145,147,148,150  Four 
studies matched cases and controls on gender and postmenopausal status.29,137,139,140  Two case-
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control studies did not provide details on matching.149,151  None of the studies matched cases and 
controls on BMD.  A limitation of case-control studies in the evaluation of the association with 
fractures is that measurement of serum 25(OH)D concentrations are made after the hip fracture 
has occurred and can be affected by hospitalization, trauma or treatment.  Two studies included 
both hospitalized and community controls.141,150 

Ten of twelve case-control studies found significantly lower 25(OH)D levels in hip fracture 
patients compared to controls.29,139,141,142,144-146,148,150,151  Three case-control studies adjusted for 
relevant covariates in their analysis, but this did not alter the difference in serum 25(OH)D 
between cases and controls.29,142,146  Cooper, however, reported that there was no residual 
difference in serum 25(OH)D between cases and controls after adjusting for age and albumin 
(Table 6).145 

Diamond et al. performed a multiple regression analysis to determine the predictors of hip 
fractures in men (e.g., age, weight, comorbidity, 25(OH)D levels, free testosterone) and found 
that a serum 25(OH)D concentration < 50 nmol/L was the strongest predictor of hip fracture 
(regression coefficient 0.34 +/- 0.19, p = 0.013).150 

Two case-control studies did not find a significant difference in serum 25(OH)D 
concentrations between hip fracture cases and controls.137,149  In one of these studies, there was 
no mention if the controls and cases were matched by age.149 

 

Summary.  Serum 25(OH)D levels and fractures in postmenopausal women and older 
men

Quantity:  Fifteen studies (three prospective cohorts and twelve case-controls) reported on 
the association between serum 25(OH)D and fractures. 

Quality:  The quality of the prospective cohorts and case-controls ranged from poor to good. 

Consistency:  One of three cohorts reported an inverse association between serum 25(OH)D 
and fractures, and nine of twelve case-control studies found lower 25(OH)D concentrations in 
cases versus controls.  Differences in results may be attributed to whether or not all relevant 
confounders were controlled for and differences in baseline serum 25(OH)D status.   

Based on the above studies, the level of evidence for an association between serum 25(OH)D 
and fractures is inconsistent.  

 

 

Association with Falls 

Study characteristics.  The relation between serum 25(OH)D and falls was reported in one 
RCT,114 three prospective cohorts,122,123,134 and one case-control study.138 

Population characteristics. The RCT included elderly women in long-term geriatric care 
facilities.114  Two prospective cohorts included institutionalized elderly men and women,122,123 
and one included older community-dwelling women.134  The case-control study included both 
elderly men and women living in nursing homes or hostels (intermediate-care facilities).138
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Fall outcomes – definition and ascertainment.  Falls were defined as “an event resulting in 
a person inadvertently coming to rest on the ground” in the RCT114 and in one cohort.123  
Another cohort defined falls as “landing on the ground or falling and hitting an object like a 
table”134 and the third cohort did not provide a definition for falls or the method of 
ascertainment.122  Falls were ascertained by the staff completing regular fall diaries in two 
studies.123,134  In the case-control study, falls were retrospectively evaluated by nursing staff 
using a rating scale.138 

RCTs. One RCT by Bischoff, with a Jadad quality score of 3/5, evaluated the effect of 
vitamin D3 on falls in elderly residents in long-term care.114  Fifty percent of the participants 
were vitamin D deficient (< 30nmol/L).  Bischoff reported a significant inverse association 
between serum 25(OH)D and falls. 

Prospective cohorts. All three cohorts were representative and adjusted for one or more 
relevant covariates (age, cognitive status, illness severity) in the analysis.122,123,134  Losses to 
followup were small in all cohorts and overall study quality of the cohorts was good.  The 
proportion of participants who were vitamin D deficient (investigator-defined) varied from 2.6 
percent (<25 nmol/L) in one,134 to 22-45 percent (< 25 nmol/L) in another,123 and 64-74 percent 
in the third cohort (<39 nmol/L).122 

Sambrook et al. (2004) explored the relation between serum 25(OH)D, PTH and falls in 646 
elderly ambulatory elderly institutionalized males and females (mean age 85-86.6 yrs).  Serum 
25(OH)D and PTH were significant predictors of time to first fall.  However, after adjusting for 
age, incontinence and illness severity, serum 25(OH)D did not remain a predictor [adjusted HR, 
0.99 (95% CI 0.98-1.00), p=0.06].  Participants were divided into four groups based on serum 
25(OH)D and PTH concentrations: group 1, 25(OH)D < 39 nmol/L and PTH > 66 pg/ml; group 
2, 25(OH)D < 39 nmol/L and PTH < 66 pg/ml; group 3, 25(OH)D > 39 nmol/L and PTH > 66 
pg/ml and; group 4, 25(OH)D > 39 nmol/L and PTH < 66 pg/ml.  Survival analysis found that 
subjects in group 1 were 1.65 times more likely to fall than those in group 4, after adjusting for 
age, incontinence and illness severity [HR 1.65 (95% CI 1.10-2.46), p=0.02].122 

Flicker (2003), in a cohort of 1,619 older individuals in residential care (mean age 83.7 
years), examined the association between serum 25(OH)D and fall risk (adjusted for weight, 
cognitive status, psychotropic drug use, prior wrist fracture and wandering behavior, but not 
functional status).  The log serum 25(OH)D remained an independent predictor of time to first 
fall [HR 0.74 ( 95% CI 0.59-0.94), p=0.01] and was consistent with a 20 percent lower risk of 
falls with a doubling of serum 25(OH)D.123 

Faulkner et al. (2006),134 in a secondary analysis of a sample of women (median age 70 
years) with falls (N = 389) who were randomly selected from a cohort of 9,526 community-
dwelling older women, evaluated the relation between serum concentrations of vitamin D 
metabolites and fall rates.  Although there was a trend of higher 25(OH)D3 concentrations with 
weaker grip strength,  in multivariate models after adjustments for age, height, BMI, season, 
activity, self-rated health and other variables, serum 25(OH)D3 concentrations were not 
associated with increased falls. 

Stein et al. in a case-control study of 83 vitamin D deficient subjects (33 fallers and 50 non-
fallers) who were residents of nursing homes or hostels, examined whether falls were associated 
with serum 25(OH)D and PTH concentrations.  Cases and controls were matched on age, setting 
and level of independence.  Falls were scored after serum 25(OH)D measurements.  The study 
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quality was fair.  Stein found that serum 25(OH)D was significantly lower in fallers versus non-
fallers (p = 0.02).  Multiple logistic regression analysis revealed that predictors of falls included: 
walking unaided, hostel residence and serum PTH.  Neither serum 25(OH)D or 1,25-(OH) 2D 
were independent predictors for falls, after adjustment for PTH concentrations.138 

 

Summary.  Serum 25(OH)D levels and falls in postmenopausal women and older men 
Quantity:  Five studies (one RCT, three cohorts and one case-control) evaluated the 

association between serum 25(OH)D concentrations and falls.  The one RCT, two of the three 
cohorts and one case-control study found an inverse association between serum 25(OH)D and a 
risk of falls.  In one cohort with a low percentage of vitamin D deficient participants, the 
association did not persist after adjustment for age and illness severity.  Another cohort did not 
observe an association between serum 25(OH)D and falls, and one case-control study did not 
find an association after adjusting for serum PTH. 

Quality:  The RCT and three prospective cohorts were of good quality and the case-control 
study was of fair quality.  

Consistency: There is fair evidence of an association between lower serum 25(OH)D 
concentrations and an increased risk of falls in institutionalized elderly.  PTH may be an 
important confounder.  One study suggested a specific serum 25(OH)D concentration of 39 
nmol/L, below which fall risk is increased.  

 

 

Association with Performance Measures 

Study characteristics. The relation between 25(OH)D and performance measures was 
examined in seven studies including three randomized trials,112,113,115 and four prospective cohort 
studies.124,125,131,134  Multiple performance measures were evaluated as outlined in Table 7. 

RCTs.  Three RCTs reported on the relation between 25(OH)D concentrations and 
performance measures including the Physical Activity Scale for the Elderly (PASE),113 postural 
sway and quadriceps strength,115 and muscle strength and activities of daily living.112  The study 
quality ranged from 3/5 to 5/5 on the Jadad scale and sample sizes ranged from 65 to 139.  
Corless did not find an association between the change in serum 25(OH)D concentrations and 
change in muscle strength or independence indices.  However, two RCTs did find an association 
between baseline serum 25(OH)D and performance measures: PASE, single leg stance and 
aggregate functional performance.113,115 

Prospective cohorts.  The study quality of the cohort studies ranged from fair (three of the 
four) to good.  Losses to followup were over 30 percent in two cohorts.124,125 

Gender was 100 percent female in three cohorts and the remaining cohort included both 
males and females.124  Three cohorts adjusted for age, body mass index, chronic disease,124,125,134 
serum creatinine,124 and two adjusted for the effect of seasonal variation, activity or baseline 
strength assessments.101,125 
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Four cohorts124,125,131,134 examined the relation between serum 25(OH)D and various 
performance measures.  Visser et al. (2003) assessed whether low serum 25(OH)D and high 
serum PTH concentrations were associated with a loss of muscle strength in a cohort of 1,509 
older individuals.  Followup data were available on 1,008 participants and 9.6 percent were 
vitamin D deficient and 3.8 percent had secondary hyperparathyroidism (> 7 pmol/L).  
Participants with low serum 25(OH)D levels (< 25 nmol/L) compared to those with levels (> 50 
nmol/L were more likely to experience loss of grip strength and appendicular skeletal muscle 
mass (ASMM), even after adjusting for sex, age, BMI, physical activity level, chronic disease, 
creatinine, season and smoking, [adjusted OR 2.57 (95% CI 1.40-4.70); p<0.05 and OR 2.14 
(95% CI 0.73-6.33); p = 0.09, respectively]. Participants in the highest tertile of PTH (> 4.0 
pmol/L) were 1.71 times more likely to experience loss of grip strength and ASMM.  The high 
loss to followup in this study (33 percent of the 501 participants) may have affected the 
association, as those lost to followup were more likely to have poorer health status.124 

Gerdhem et al. (2005), in a prospective cohort of 1,044 ambulatory women, found that serum 
25(OH)D concentrations correlated with gait speed (r = 0.17, p<0.001), Romberg’s balance test 
(r = 0.14, p<0.001), and activity level (r=0.15, p<0.001).  In a multiple regression analysis, 
however, only 5 percent of the variability in serum 25(OH)D was explained by fall and 
anthropometric variables.  The authors suggested a threshold level between serum 25(OH)D 
concentration and physical activity exists at 87.5 nmol/L.131  

Verreault et al. (2002) in a three year cohort of 1,002 community-dwelling elderly (mean age 
75 yrs) found the annual rate of decline in strength, walking speed and time to perform repeated 
chair stands was similar across baseline serum 25(OH)D tertiles: (deficient < 25 nmol/L, low 
normal: 25-52 nmol/L and high normal > 53 nmol/L), after adjusting for age, race, education, 
BMI, seasonal variation and presence of chronic conditions.  Adjusted rates of decline in 
performance, except grip strength, were not associated with baseline PTH.  This cohort included 
women who were moderately to severely disabled so participants may have been below a 
functional level where vitamin D deficiency might have had an additional impact.  There was 
high loss to followup in this study (37 percent).125 

Faulkner (2006), in the cohort of 389 women described above, reported that serum 25(OH)D3 
concentrations were not associated with changes in neuromuscular function, including grip 
strength, balance and chair stand time in an age, BMD and height-adjusted multivariate 
models.134 

Summary.  Serum 25(OH)D levels and performance measures in postmenopausal 
women and older men 

Quantity: Seven studies (three RCTs and four cohorts) assessed the relation between 
25(OH)D and performance related measures. 

Quality:  The overall quality of the evidence from RCTs and cohorts was fair to good. 

Consistency:  Two RCTs and two cohorts reported an association between 25(OH)D and 
performance measures.  Two cohorts and one RCT did not find association between 25(OH)D 
and performance measures. 

Overall, there is inconsistent evidence for an association of serum 25(OH)D concentrations 
with performance measures.  In studies that did report an association, specific concentrations 
below which declines in performance measures were increased ranged from 50 to 87 nmol/L.  
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Association with Bone Mineral Density 

Study characteristics.  Nineteen studies evaluated the association between serum 25(OH)D 
and bone mineral density.  Of these, six were RCTs,116-121 seven single prospective cohorts,126-

129,131,132,135 and six case-control studies.136,139-141,143,152 

Population characteristics.  All RCTs included postmenopausal women.116-121  Four cohorts 
included females only128,129,131,135 and three included both genders.126,127,132  Three case-control 
studies included females only,139,140,143 two included both genders,136,153 and one included 100 
percent males.152 

Bone density measurement. The BMD sites assessed in each study are in Table 8.  Types 
of bone densitometry included dual photon absorptiometry (DPA) or dual energy-x-ray 
absorptiometry) (DXA) (Hologic or Lunar manufacturer). 

RCTs. The study quality of the six RCTs116-121 ranged from 2/5 to 5/5 on the Jadad score 
with five trials having a score of > 3/5.116,117,119-121  Only one RCT reported an association 
between baseline 25(OH)D levels and change in BMD.119 

Prospective Cohorts.  Four of the seven cohorts adjusted for either BMI or weight, which is 
an important confounder of the association with BMD126,128,129,132 and three cohorts adjusted for 
age.128,129,132 Only two cohorts adjusted for physical activity, calcium use, smoking status or 
levels of other hormones.128,132  The study quality of the prospective cohorts ranged from fair to 
good. 

Three cohorts evaluated the relation between serum 25(OH)D levels and BMD,127,131,132 and 
five examined the relation between 25(OH)D levels and changes in BMD.126-129,135 

Of the seven cohorts, four reported an association between serum 25(OH)D and femoral neck 
BMD,126,128,129,132 and one found a positive association between change in 25(OH)D and lumbar 
spine, but not femoral neck, BMD.135  

Stone et al. in a cohort of 231 older Caucasian women (mean age 65.5 years), found that 
women in the highest quartile of serum 25(OH)D (> 80 nmol/L) had a mean annual loss in total 
hip BMD of -0.1 percent (95% CI -0.5, 0.3) compared to -0.7 percent (95% CI -1.1, -0.4) in the 
lower quartile (< 52.5 nmol/L).  The association remained significant after adjusting for age, 
weight, season, use of calcium, multivitamins, serum estradiol and other hormones.  Serum PTH 
and 1,25-(OH)2D were not significantly associated with hip bone loss.  There was no association 
between serum 25(OH)D levels and calcaneal BMD after adjusting for age and weight.128 

In a cohort of older men and women (mean age 74 years, 228/327 with complete data) from 
the Framingham study with knee osteoarthritis, Bischoff-Ferrari reported a positive association 
between 25(OH)D and BMD of the femoral neck that was independent of age, gender, BMI, 
disease severity and physical activity.132  Fifteen percent of the cohort were classified as vitamin 
D deficient (<40 nmol/L), and 51 percent had levels between 40-80 nmol/L.  Individuals in the 
40-80 nmol/L group had a 7.3 percent higher BMD than those in the deficient group and 
individuals in the > 80 nmol/L group had an 8.5 percent higher BMD than the deficient group.  
In a subgroup analysis, the relationship was similar in both genders but most pronounced in 
men.132 

Two small cohorts found a positive association between serum 25(OH)D and BMD of the 
femoral neck..126,129  Del Puente et al. (2002) investigated the relation between serological 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

APPENDIX C	 595

75 

markers and change in BMD in 139 healthy premenopausal and postmenopausal women (mean 
age 58 years).129  They reported that serum 25(OH)D was an independent predictor of change in 
femoral neck BMD and lumbar spine.  However, in stepwise analysis discrimination models, 
only the association with femoral neck remained significant (r2 = 0.26).129 

Melin et al. (2001) examined the relation between serum 25(OH)D, PTH and femoral neck 
BMD in 64 community-dwelling older individuals (mean age 83.7 years) and found that femoral 
neck Z-score was associated with serum 25(OH)D after both summer (r = 0.38, p = 0.003) and 
winter (r = 0.37, p = 0.003).  In a multiple regression analysis with Z-score as the dependent 
variable and 25(OH)D and BMI as independent variables, only 25(OH)D remained a significant 
predictor of BMD after winter (adjusted r2 = 0.14, p=0.005).126 

A small cohort study of eighteen healthy older women (mean age 77 years) reported an 
association between serum 25(OH)D and lumbar spine bone mineral density.135  Rosen noted 
that differences in serum 25(OH)D between the first and second winter were associated with 
bone loss at the lumbar spine (r = 0.59, p = 0.04) but not at femoral neck, supporting the 
hypothesis that seasonal changes in serum 25(OH)D influence the rate of annual bone loss in 
postmenopausal women.135 

Dennison et al. did not find an association between baseline serum 25(OH)D and BMD or 
bone loss at either proximal femur or lumbar spine in 316 healthy, active older individuals (mean 
age 66 years), after adjusting for adiposity.  Limitations of this study included a change in 
densitometer model between the baseline and followup assessment and lack of adjustment for 
season of data collection or vitamin D intake.127 

Case-control studies.  Five out of six studies matched cases and controls on age136,139-141,143 
and three studies matched on gender and postmenopausal status.139,140,143  None of the studies 
adjusted for weight or BMI in analyses. 

Of the six case-control studies that evaluated the relation between 25(OH)D and BMD, one 
reported a weak association between 25(OH)D and BMC of the femoral neck (r = 0.054 p = 
0.05).136  Two case-control studies reported significantly lower 25(OH)D levels in women with 
osteoporosis.140,143  Boonen reported that both serum 25(OH)D3 and PTH were highly predictive 
of femoral neck BMD (r2 = 32 percent, p<0.001).139  Thiebaud reported that femoral neck BMD 
was weakly correlated with 25(OH)D concentrations and the only significant association was 
with trochanteric BMD.141  Villareal reported that lumbar spine BMD correlated with serum 
25(OH)D (r = 0.41, p < 0.01) in participants with low 25(OH)D levels (< 38 nmol/L).  However, 
multivariate analysis revealed that iPTH was the main determinant of the decrease in spine 
BMD.143  Al-Oanzi conducted a study in men and did not find a significant difference in serum 
25(OH)D between those with osteoporosis (T score < 2.5) versus those without.152 
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Summary.  Serum 25(OH)D levels and bone mineral density 
Quantity:  Nineteen studies assessed the association between 25(OH)D and bone mineral 
density.  Five RCTs, and three cohort studies did not find an association between serum 
25(OH)D levels and BMD or bone loss.  Four cohorts found a significant association between 
25(OH)D and bone loss, which was most evident at the hip sites and evidence for an association 
between 25(OH)D and lumbar spine BMD was weak.  Six case-control studies suggested an 
association between 25(OH)D and BMD and the association was most consistent at the femoral 
neck BMD.  In some studies, it was unclear whether the effect of serum 25(OH)D on bone loss 
was mediated by serum PTH. 

Quality:  The overall quality of studies varied from fair to good.  

Consistency:  There was discordance between the results from RCTs and the majority of 
observational studies that may be due to the inability of observational studies to control for all 
relevant confounders.  Based on results of the observational studies, there is fair evidence to 
support an association between serum 25(OH)D and BMD or changes in BMD at the femoral 
neck.  Specific circulating concentrations of 25(OH)D below which bone loss at the hip was 
increased, ranged from 30-80 nmol/L.
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Table 5.  Studies Reporting Serum 25(OH)D Levels and Bone Health Outcomes in Postmenopausal 
Women and Older Men 

Outcome
(N studies) Study Design Associations 

Fractures 
(N=15) 

RCTs=0 
Cohorts=3 
Case-controls=12 

Association: 
1 cohort131 
9 case-controls29,139,141,142,144,146,148,150,151 

No Association: 
2 cohorts130,133  
3 case-controls137,145,149 

Falls 
(N=5) 

RCTs=1 
Cohorts=3 
Case-controls=1 

Association: 
1 RCT114 
1 cohort123 
1 case-control138

No Association: 
2 cohorts122,134 

BMD/BMC 
(N=19) 

RCTs=6 
Cohorts=7 
Case-controls=6 

Association: 
1 RCT119 
4 cohorts: FN BMD126,128,129,132; 1 cohort LS BMD135  
6 case-controls: FN BMC136; FN, Tr and TH BMD139,141 
LS BMD140,143,152

No Association: 
5 RCTs116-118,120,121 

3 cohorts: FN BMD135; proximal femur, LS BMD127; FN, LS BMD131 

Performance 
measures 
(N=7) 

RCTs=3 
Cohorts=4 

Association: 
2 cohorts124,131 
2 RCTs113,115 

No Association: 
2 cohorts125,134 
1 RCT112 

BMC, bone mineral content; BMD, bone mineral density; FN, femoral neck; LS, lumbar spine; RCTs, randomized 
controlled trials; TH, total hip; Tr, trochanter 
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Question 2.  How Does Dietary Intake of Vitamin D, Sun 
Exposure, and/or Vitamin D Supplementation Affect Serum 

25(OH)D Concentrations? 

For each vitamin D source (dietary intake from fortified foods, vitamin D supplementation or 
sun exposure), our objectives were to determine the effect on circulating levels of 25(OH)D and 
to determine whether the effect is altered by specified individual or environmental 
characteristics. 

 

Question 2A.  Does Dietary Intake from Foods Fortified 
with Vitamin D Affect Concentrations of Circulating 25(OH)D? 

 
Overview of Relevant RCTs 

When evaluating the effect of food fortification on circulating 25(OH)D concentrations, it is 
important to acknowledge the potential confounding effect generated by the food source, the 
assay used to measure 25(OH)D and potential differences in the bioavailability and/or 
metabolism of vitamin D2 versus vitamin D3.  Most studies in this review used dairy products as 
the source of fortified food.  There is potential for study contamination through altered intake of 
other nutrients such as calcium, phosphate and acid load that can affect bone and mineral 
homeostasis.   

Study characteristics.  A total of 13 RCTs, 12 parallel design,116,155-165and one factorial 
design,166 studied the effect of dietary sources of vitamin D on circulating 25(OH)D 
concentrations.  Two of the 13 trials did not provide the vitamin D content of the dietary source 
and were excluded.116,162  Therefore, the following summary includes a total of 11 trials (Table 
9).155-161,163-166 

Within the included trials, there were a total of 697 subjects in the vitamin D dietary 
intervention groups and 584 in the control groups for a total of 1,281 subjects.155-161,163-166 

Population characteristics.  All trials were in adults.  Two trials studied young adults,158,160 
one included young women,164 three involved postmenopausal women,155,157,159 one included 
elderly men,163 and the remaining four studied elderly individuals of both genders.156,161,165,166  
Four out of the six trials that included both males and females provided the gender 
breakdown156,158,165,166 and the percentage of females ranged from 51165 to 83158 percent.  The 
ethnicity of the study population was reported in four trials, 155,157,159,163 and BMI was also 
reported in four trials.155,163,164,166  The vitamin D dietary intake was evaluated at baseline in three 
trials161,164,166 and sunlight exposure was assessed in three studies.156,158,166 The studies did not 
provide an assessment of skin type of participants.  Sunlight exposure was assessed in only three 
of the 11 trials although several others excluded subjects who had recent or planned exposure to 
higher-than-usual levels of sunshine.  Methods of ascertainment included a sunlight exposure 
score during the summer in a subsample,158 the percentage of participants who were outside daily 

during sunny period and the percentage who avoided sunlight166 and an outdoor score to 
reflect the average exposure to sunlight per day per season.156  Results showed that sunlight 
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exposure did not predict post therapy serum 25(OH)D in the total sub-sample,158 that there was 
no significant difference in sunlight exposure between groups at baseline166 or during the 
study.156  Participants were community-dwelling in all of the included trials.155-161,163-166  

Interventions and comparators.  The vitamin D dietary interventions included fortified 
milk,155-159,163 nutrient dense fruit and dairy based products,166 high vitamin D diet,165 fortified 
orange juice,160 fortified cheese,161 and fortified bread.164  The RCT with a factorial design had 
two other intervention groups that included an exercise program and a combined program of 
exercise and nutrient dense products.166 

The type of vitamin D administered within the described vitamin D dietary interventions was 
vitamin D3 in eight trials,155,157-161,163,164 and was not specified in three.156,165,166  The vitamin D 
content was 200 - 1,000 IU.  Seven trials also specified the calcium content within the dietary 
intervention.155-160,163 

The comparators within the included trials were as follows: usual diet or no 
intervention,155,157,163,165,166 unfortified liquid milk,156,158 fortified milk with a lower dose of 
calcium but same dose of vitamin D compared to intervention group,159 unfortified orange 
juice,160 unfortified cheese or no cheese,161 and regular wheat bread or regular wheat bread and a 
vitamin D3 supplement.164 

The duration of the intervention ranged from three weeks164 to 24 months.155,157,163 

Compliance was reported in four trials and was reported to be greater than 85 
percent.155,156,161,163 

Study quality.  Six out of the 11 trials had a methodological quality score of > 3/5 on the 
Jadad scale (Table 9).156,157,159-161,163 Ten trials reported the percent lost to followup,155-159,161,163-

166 and of these, only one reported losses greater than 20 percent.166  In all trials, the description 
of allocation concealment was unclear.155-161,163-166   

Intention-to-treat analysis.  One trial carried out an intention-to-treat analysis,165 eight trials 
did not,155-160,163,164,166 and the type of analysis was unclear in one trial.161 

 

Outcomes

Vitamin D status by serum 25(OH)D.  Seven trials measured total 25(OH)D (i.e., D2 and 
D3),155,157,158,161,163,164,166 whereas four trials specifically measured 25(OH)D3 levels.156,159,160,165  
Refer to Table 9 for baseline, end of study and absolute change in serum 25(OH)D levels in 
addition to other measurement details. 

Harms.  None of the studies reported adverse side effects related to the consumption of the 
dietary intervention under investigation.155-161,163-166 

 

Study Selection for Meta-Analysis 

Meta-analysis was conducted to quantify the effects of dietary sources with vitamin D 
with/without calcium versus placebo or calcium on serum 25(OH)D levels.  Seven of the 11 
included trials that reported (or provided sufficient data to calculate) the absolute change in total 
25(OH)D or 25(OH)D3 concentrations were included in the meta-analysis.155,156,158,160,164-166  The 
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other four RCTs were excluded due to insufficient data required to calculate the change in 
25(OH)D levels,157,163 between group differences in baseline 25(OH)D levels,161 or the 
intervention and control groups receiving equal amounts of vitamin D.159 

 

Quantitative Data Synthesis  

Combining all seven trials that investigated the effect of food fortification or dietary sources 
of vitamin D (with/without calcium) versus control was not possible due to heterogeneity of the 
treatment effect (I2 = 79.2 percent).  However, the individual weighted mean differences (WMD) 
demonstrated a clear trend toward a significantly higher absolute change in serum 25(OH)D in 
the treatment group versus control (Figure 3).155,156,158,160,164-166  Potential sources of 
heterogeneity are the different 25(OH)D assays used (two studies each used HPLC, RIA or 
CPBA, and one study did not report the assay), the dietary vehicles used, study populations, the 
type or dose of vitamin D (unclear in one trial165), and the outcome employed (i.e., total 
25(OH)D versus 25(OH)D3). 

Figure 3.  Forest Plot on the Effect of Dietary Sources of Vitamin D (with/without calcium) vs. Control on Absolute 
Change in Total Serum 25(OH)D or 25(OH)D3.

 

 
 

 

 

 
 
 
 
 

Combined data from two trials (N = 275) that were similar in the dietary vehicle used 
(fortified skim milk), population studied (postmenopausal women and young adults), dose of 
vitamin D (400 and 480 IU daily), type of vitamin D (D3), 25(OH)D assay (RIA), and outcome 
(total 25(OH)D) demonstrated a significantly higher absolute change in serum 25(OH)D (WMD 
15.71, 95% CI 12.89, 18.53, heterogeneity I2 = 0 percent) in the treatment group155,158 (Figure 4).  
Similarly, a significantly higher percent change in serum 25(OH)D was demonstrated in the 
treatment group (WMD 19.13, 95% CI 15.32, 22.95).  However, heterogeneity of the treatment 
effect was high (I2 = 54.1 percent).155,158  The study by McKenna et al. demonstrated a decrease 
in 25(OH)D levels in both groups as a result of seasonal decline.  However, food fortification 
reduced the degree of seasonal decline in the treatment group.158 
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Figure 4.  Forest Plot on the Effect of Vitamin D3 Fortified Skim Milk (with calcium) vs. Control on Absolute Change in 
Total Serum 25(OH)D. 

 
 
 
 
 

 
In an attempt to explain the heterogeneity found in the overall analysis, the following 

subgroups were analyzed: (1) younger versus older individuals; (2) all trials that administered 
400 IU/day (the most common dose); (3) the use of total 25(OH)D versus 25(OH)D3 and (4) the 
type of vitamin D assay (RIA, HPLC versus CPBA).  The subgroup analysis that included 
studies of younger individuals demonstrated a significant absolute increase in 25(OH)D levels (4 
trials, N = 323, WMD 17.02, 95% CI 12.49, 21.56, heterogeneity I2 = 44.4 percent).155,158,160,164  
However, combining trials within all of the other subgroup analyses was not possible as the 
heterogeneity of the treatment effect was high.  A meta-regression to further explore 
heterogeneity was not carried out due to the limited number of trials with sufficient data.  

Publication Bias.  We were not able to evaluate the possibility of publication bias given the 
limited number of trials with sufficient data required to conduct such an investigation. 

 

Qualitative Data Synthesis 

Results from the four trials157,159,161,163 that were excluded from the quantitative analysis are 
described below. 

Daly et al. (2006) explored the effect of fortified milk (800 IU vitamin D3 plus 1000 mg of 
calcium) versus no additional milk in older Caucasian, ambulatory men (mean age 62 years) over 
a two year period.  Serum 25(OH)D was increased in the milk supplementation group relative to 
controls (27 percent, p<0.001).  Baseline characteristics did not differ between groups.163 

Johnson et al. (2005) investigated the effects of vitamin D fortified cheese (600 IU D3 daily) 
on serum 25(OH)D versus unfortified cheese or no cheese for two months in older men and 
women.161  Serum 25(OH)D measured at the beginning of the study demonstrated a significant 
difference between the fortified cheese versus control groups.  Overall compliance with 
consumption of 85 grams of cheese per day was high (96.2 percent) with no difference between 
groups.  Results demonstrated that, despite a significantly higher total vitamin D dietary intake in 
the fortified cheese versus the two control groups (unfortified cheese and no cheese groups), the 
end of study serum 25(OH)D decreased by a mean of 6 (SD 2) nmol/L (p<0.001) in the fortified 
cheese group.  While not a clinically significant decrease, the authors speculated that this 
decrease reflected the higher baseline serum 25(OH)D in the fortified cheese group.161   
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Lau et al. (2001) investigated the benefits of milk supplementation (240 IU D3 plus 800 mg 
Ca) in postmenopausal Chinese women over a two year period.157  At 12 months, serum 
25(OH)D was higher in the milk supplementation group compared to baseline (p<0.05).  
Baseline and followup serum 25(OH)D for the control group, a comparison of serum 25(OH)D 
between the intervention and control group, and participants’ sunlight exposure and vitamin D 
intake were not reported.157 

Palacios et al. (2005) assessed the effect of consuming milk enriched with calcium and 
vitamin D (1,200 mg Ca plus 228 IU D3) versus milk with lower calcium content but the same 
amount of vitamin D (900 mg Ca plus 228 IU D3) daily for six months in healthy 
postmenopausal women.  Serum 25(OH)D3 increased from baseline in those women who 
consumed the milk enriched with calcium (which also contained phosphorus and lactose) even 
thought the amount of vitamin D was similar (p <0.001).  The calcium enriched milk group had 
significantly higher serum 25(OH)D3 at the end of study than the non-enriched group (p = 
0.007).  These results led the authors to speculate that calcium may affect the absorption of 
vitamin D.  However, compliance was not measured.  The participants’ sunlight exposure and 
vitamin D intake were also not reported.159   

Dose response of serum 25(OH)D to dietary interventions.  The positive direction of the 
treatment effect of dietary interventions with foods fortified with vitamin D is consistent.  Based 
on our synthesis of the data from the individual trials, the treatment effect may be dependent on 
baseline serum 25(OH)D levels (Table 10).  Those trials with low baseline 25(OH)D levels (i.e., 
< 50 nmol/L)156,160,164-166 consistently demonstrated a greater percent increase in 25(OH)D levels 
at the end of study compared to trials with higher baseline 25(OH)D levels (i.e., > 50 
nmol/L).155,157-159,161  Observations from such indirect comparisons need to be interpreted 
cautiously due to differences in baseline characteristics of the study populations, the 
bioavailability of the vitamin D in the various food sources and the different measures of serum 
25(OH)D used.  

 

Summary 

Despite the possibility of study contamination by altered intake of other nutrients contained 
within the different food sources that affect bone and mineral homeostasis, food sources enriched 
with vitamin D in the form of milk, orange juice or other dairy and fruit based products (i.e., 
yogurt, custard and fruit juice) significantly improved vitamin D status in vitamin D deficient, 
insufficient or sufficient populations including young adults, postmenopausal women and elderly 
men. This was demonstrated by a significant rise in serum 25(OH)D in individuals that received 
vitamin D enriched dietary interventions compared to controls on an individual trial basis,155-

160,163-166 and by combining trials that permitted a quantitative analysis.155,158 

Increases in serum 25(OH)D from vitamin D enriched dietary interventions may depend on 
baseline 25(OH)D levels as well as vitamin D dose.  However, this observation is based on 
indirect comparisons of the individual trials and should be interpreted with caution.  It was not 
possible to determine if results vary with age, BMI and ethnicity given the limited data available 
and the between trial differences in terms of population characteristics, dietary interventions and 
measurement of serum 25(OH)D levels. 
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Summary.  Serum 25(OH)D levels and dietary intake of vitamin D 

Quantity:  There were eleven RCTs (N = 1,281) of which seven (N = 668) permitted a 
quantitative analysis.  However, due to significant heterogeneity of the treatment effect, only two 
trials (N = 275) could be combined.   

Quality:  Mean quality score (Jadad) for the 11 RCTs was 2.8/5 with scores ranging from 1 to 4 
(six trials had a score > 3).  In all trials, the description of allocation concealment was unclear.  
Only one trial reported losses to followup > 20 percent. 

Consistency:  The majority (10/11) of individual trial results were consistent with a significant 
effect of dietary intake from foods fortified with vitamin D on 25(OH)D concentrations.  The 
individual treatment effects of the seven trials ranged from 15 (95% CI 11-18) to 40 (95% CI 25- 
55) nmol/L (fortification consisting of  100 - 1,000 IU of vitamin D) and the combined treatment 
effect from the two trials (dose 400-480 IU vitamin D3) was 16 (95% CI 13-19) nmol/L. 

There is good evidence that dietary intake of vitamin D increases serum concentrations of 
25(OH)D. 
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Table 10.  Absolute and % Change in Serum 25(OH)D for the Intervention Group in 
Supplementation Trials  (grouped by vitamin D dosages < 400 IU vs. > 400 IU/d) 

Author (year) Daily Vitamin D 
Dose 

IG Baseline 
25(OH)D
(nmol/L)

IG End of Study 
25(OH)D (nmol/L) 

Absolute (%) 
Change in 

25(OH)D (nmol/L) 

Jadad 
Score+

< 400 IU/d 
Keane (1998)156 200 IU vit D^ 24* 46.25* 22.3 (92.9)* 4 

 
Lau (2001)157 240 IU D3 66 89.2 23.2 (35.1) 3 

 
McKenna (1995)158 137 IU D3 77 62 -15 (-19.5) 2 

 
Palacios (2005)159 228 IU D3 109.9* 123.9* 14 (12.7)* 4 

 
> 400 IU/d 

Chee (2003)155 400 IU D3 69.1 86.4 17.2 (25.0) 2 
 

Daly (2006)163 800 IU D3 77.2 NR NR 3 
 

de Jong (1999)166 400 IU D^ 37 72 35 (94.6) 2 

Johnson (2005)161 600 IU D3 57.5 52.5 -5 (-8.7) 4 

Natri (2006)164 400 IU D3 29 45.3 16.3 (56.2) 1 

Panunzio (2003)165 400 IU D^ 40.2* 81.3* 41.1 (102.2)* 2 

Tangpricha 
(2002)160 

1,000 IU D3 37* 94* 57 (154)* 4 

Note: *25(OH)D3 ; ^isoform of vitamin D not specified;  +Jadad score out of 5; allocation concealment was rated as 
“unclear”  for all studies listed in the table; IG, intervention group; IU, international units; NR, not reported 
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Question 2B.  What is the Effect of UV Exposure on 
Circulating 25(OH)D Concentrations? 

 

Overview of Relevant RCTs 

Study characteristics.  Eight randomized trials evaluated the effect of ultraviolet exposure 
on serum 25(OH) D concentrations.167-174 

Within these eight parallel design trials, there were a total of 337 subjects with 197 subjects 
in the intervention group and 140 subjects in the comparator groups.  Four trials evaluated the 
effect of natural sun exposure,168,169,171,172 and four trials evaluated the effect of artificial UV 
exposure167,170,173,174 on circulating 25(OH)D concentrations. 

Population characteristics.  There were seven trials in adult populations and one in 
infants.172  Three trials involved younger or middle-aged adults169,170,174 and four trials included 
older adults.167,168,171,173  The percentage of females ranged from 17170 to 100 percent,167 and one 
trial had only male participants.174  In the trial in infants, 55 percent were female.172 

Body Mass Index was not reported in any of the trials.  Skin type was reported in two trials: 
Matsuoka170 in which all individuals were skin type III (i.e., sometimes burn, always tans) and 
Falkenbach included skin types II (i.e., always burns, sometimes tans) and III.174  Another trial 
reported that skin pigmentation varied from fair to medium.168 

Vitamin D intake.  One trial reported daily dietary vitamin D of 3.1 nmol or 48 IU168 and 
another estimated dietary intake of 100 IU of vitamin D plus 1,000 mg of calcium per day.167  
Dietary intake was not reported in the remaining six trials.170-175 

Vitamin D deficiency. In four of the eight trials, the proportion of subjects with vitamin D 
deficiency at baseline (< 30 nmol/L) was reported.167-169,172  In two trials of elderly nursing home 
residents, 93 percent of subjects were vitamin D deficient  (<30 nmol/L) in one trial,167 and 50 
percent in the other trial.168  In contrast, in a trial on community-dwelling adults in Australia, 
only 10 percent were vitamin D deficient.169   In the infant trial,172 20 percent of infants were 
deficient and 11 percent were diagnosed with rickets.  Baseline concentrations and type of 
vitamin D assay are presented in Table 11. 

Interventions.  In the four trials that used solar exposure,168,169,171,172 the dose was one 
minimal erythemal dose (MED) in one trial,168 and a geometric mean of 138 J/m2 in another 
trial.169  In two trials, the exact dose was not reported but described as 2 hours of sunshine per 
day with face and hands exposed172 or 15 versus 30 minutes with head, neck and arms 
exposed.171  All trials were conducted in southern latitudes, except for the infant trial.172 In the 
four trials that used artificial UV,167,170,173,174 the description of the dose was as follows: (1) one 
suberythematous dose of 27 mJ/cm2 to the whole body,170 (2) 1/2 MED at doses from 30 to 140 
mJ/cm2;167 (3) high energy versus low energy UV-B to provide suberythematous doses,174 and 
(4) a dose of 160 mJ/cm2 per week.173  

The frequency of UV exposure was a single exposure in one trial,170 one173 to three times per 
week,167 ten times over a 12 day period,174 and daily in four trials.168,169,171,172   The duration of 
the intervention varied from a single exposure,170 to 12 days in one trial,174 28 days in two 
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trials,171,172 and 12 weeks in three trials.167,168,173  Marks et al. used sunscreen as the 
intervention.169 

Ascertainment of UV exposure.  Three of the four trials that used natural sun exposure 
reported the method of ascertainment of UV-B exposure.  Ho et al. used a sunshine diary to 
record minutes outdoors per day and used the average weekly UV score for September to 
October.172  Lovell used UV sensitive polysulphone badges and readings on a UV meter coupled 
to a sensor.168  Marks also used polysulphone film badges in addition to a sun exposure and 
clothing diary.169  

Comparators.  In four trials, the comparator was a placebo.169,171-173  Two trials included a 
comparator arm of vitamin D3 400 IU167 or two dosages of vitamin D3; 289 IU or 867 IU.168  The 
two remaining trials used lower energy UV-B,174 or UV-B with 50,000 IU vitamin D2 versus 
vitamin D2 alone as comparators.170  

Compliance.  Compliance was reported in only two trials.167,174  In the Chel trial167 three 
patients in the UV-B group did not complete the treatment and in the other trial174 one subject 
did not comply with treatment.  

Study quality.  Study quality scores on the Jadad scale ranged from 1 to 4 out of a possible 
5, with all except two trials having a score of less than 3.169,171 A description of trial withdrawals 
was adequately reported in six of the trials.167-169,172-174  In all eight trials, the description of 
allocation concealment was unclear.  One challenge with trials of UV exposure is the difficulty 
of blinding study participants to the intervention. 

Type of analysis.  Three trials performed an intention-to-treat analysis.170,171,174  In five trials 
an intention-to-treat analysis was either not performed or the type of analysis was unclear.167-

170,173 

Qualitative data synthesis.  Quantitative synthesis of the trials of UV exposure and serum 
25(OH)D was not possible due to the heterogeneous study populations, the interventions (e.g., 
length and area of exposure, and dose) and lack of complete data. 

Outcomes. Followup serum 25(OH)D or 25(OH)D3 concentrations were evaluated in six 
trials167,168,171-174 (Table 11).  The change in serum 25(OH)D concentrations from baseline was 
significant in all of the six trials.  

Reid (1986) compared the effect of sun exposure in 15 Caucasian older men and women 
living in residential homes in New Zealand.  The subjects were randomized into three groups of 
five each; controls who did not change their daily routine and the two intervention groups 
(outside daily for either 15 or 30 minutes for four weeks).  Body surfaces exposed included head, 
neck, legs and forearms.  Mean baseline serum 25(OH)D concentrations were different across 
groups: 35 nmol/L (15 minute group); 60 nmol/L (30 minute group), and; 60 nmol/L (control 
group).  Serum 25(OH)D increased in both the 15 and 30 minute groups, however the increase 
(18.5 nmol/L) was only significant in the 30 minute group.171  

 Lovell (1988) studied the effect of sun exposure in Caucasian elderly nursing home 
residents in Australia compared to vitamin D3 (either 289 IU or 867 IU/day) over a three month 
period.  The median increase (11.0 nmol/L) in serum 25(OH)D concentrations was significant 
after the second month of treatment in the UV-B group and the lower dose vitamin D group and 
after the first month, with 867 IU vitamin D3.168 
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In Asian breast-fed infants aged one to eight months who were not receiving supplemental 
vitamin D, Ho (1985) assessed the effect of two hours of sunshine per day for two months (face 
and hands uncovered) versus the usual amount of sunshine.  Infants in the intervention group 
received 115 minutes of sunshine per day compared to controls who received an average of 63 
minutes.  There was a significant increase in serum 25(OH)D in the treatment group, but not in 
the infants receiving usual sunshine exposure.  Serum 25(OH)D concentrations correlated with 
UV exposure scores, even after adjusting for age.  The estimated UV score needed to maintain 
serum 25(OH)D at 27.5 nmol/L was 24 minutes per day with only the face uncovered.172 

Marks et al. (1995) conducted a seven-month RCT in Australia of daily sunscreen use (SPF 
of 17) compared to placebo in 113 subjects over age 40 years.  Participants were recruited from a 
random sample of a trial designed to evaluate the effect of regular sunscreen use in subjects with 
solar keratoses.  Sunscreen was applied daily to the head, neck, forearms and dorsum of each 
hand. The mean baseline serum 25(OH)D3 was 54.2 nmol/L.  When the results were stratified by 
age, serum 25(OH)D3 increased less in subjects over 70 years in the sunscreen group (7.4 nmol/L 
) versus those younger than 70 years (15.9 nmol/L) but the differences were not significant.  
Overall serum 25(OH)D3 concentrations increased by the same amount in the sunscreen and non-
sunscreen groups with a difference of 0.99 nmol/L (95% CI -7.0, 5.0).  Nine out of 11 subjects 
with serum 25(OH)D3 below the reference range had values within the reference range by the 
end of the study.  The absence of a difference between groups may have been due to incomplete 
compliance with sunscreen use.169 

In a 12 week trial, Toss (1982) studied the effect of artificial UV exposure on 42 elderly 
nursing home residents compared to vitamin D2 450 IU plus calcium 600 mg daily, calcium 
alone, or placebo.  Front and back were exposed to UVR for 1 minute each, then 2 minutes and 
followed by ten treatments of 3 minutes each.  The mean UV total dose was 160 mJ/cm2.  There 
were significant increases in serum 25(OH)D in both the UV group (end of study 25(OH)D was 
59 nmol/L) and in the vitamin D2 group (42 nmol/L), compared to no change in serum 25(OH)D 
in the control and calcium groups.173 

Chel (1998) investigated the effect of artificial UV-B irradiation in 45 elderly females in The 
Netherlands.  The majority of subjects were vitamin D deficient (<30 nmol/L).  Subjects were 
randomized to receive UV-B (one-half MED) three times per week, 400 IU vitamin D3 or 
placebo for 12 weeks.  Six areas of 4 cm2 were irradiated with UV-B doses increasing from 30 to 
140 mJ/cm2,  and individual doses were adjusted according to skin sensitivity as determined by 
the MED.  After 12 weeks, the median serum 25(OH)D concentrations increased to 60 nmol/L in 
both the UV-B (increase of 42 nmol/L) and vitamin D3 (increase of 37 nmol/L) groups 
(p<0.001).167 

Falkenbach (1992) evaluated the effect of artificial high energy (less emission in range of 
300 nm) versus low energy, shorter wavelength UV-B in healthy young men (N=24) in 
Germany, during the winter.  Both treatment groups were treated ten times over a 12-day period 
in a solarium.  The initial exposure was three minutes and increased by 10 percent with each 
session to achieve suberythemal doses, using both ventral and dorsal irradiation.  Baseline serum 
25(OH)D3 concentrations were higher (115-124 nmol/L) than in other trials which may reflect 
younger age of subjects.  Fasting serum 25(OH)D3 concentrations measured three days after the 
last exposure increased significantly in both groups and remained elevated for four weeks, in the 
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low energy, shorter wavelength UV-B group (Table 11).  Serum PTH concentrations were 
significantly decreased in this group.174 

Matsuoka (1992) evaluated if administration of vitamin D2 interfered with the release of 
vitamin D3 from the skin after exposure to UV-B light.  A total of eighteen subjects were 
randomized to receive oral 50,000 IU vitamin D2 alone, 50,000 IU vitamin D2 followed by UV-B 
exposure 12 hours later or UV-B alone.  UV-B was given as a single dose to the whole body at a 
suberythematous dose of 27 mJ/cm2.   Total serum 25 (OH)D concentrations (measured by 
CPBA) did not increase significantly in any group.  Vitamin D3 concentrations (measured by 
HPLC) increased significantly after UV-B treatment (increase of 27.5 nmol/L).  A similar 
increase in vitamin D3 was observed when UV-B exposure was preceded by vitamin D2, 
suggesting that elevated serum vitamin D2 does not interfere with release of vitamin D3 from the 
skin.170 

Summary.  Effect of UV Exposure on 25(OH)D Concentrations 
Quantity:  Eight RCTs evaluated the effect of UV exposure on serum 25(OH)D concentrations.  
Four trials used solar exposure and four used artificial UV-B sources. 

Quality:  The overall quality of the trials was low, with only two of eight trials having a score of  
> 3/5 on the Jadad scale.

Consistency: There was heterogeneity in the age and gender of subjects, dose, and duration of 
UV exposure that made synthesis of the results difficult.  In addition, it was difficult to ascertain 
the exact dose.   

Both artificial and solar exposure increased serum 25(OH)D concentrations in vitamin D deficient 
and replete subjects.  Three trials in elderly nursing home populations (solar or artificial UV-B 
exposure) demonstrated significant increases in serum 25(OH)D concentrations.167,168,171  One 
trial using artificial UV-B exposure in elderly females reported an increase of 42 nmol/L in serum 
25(OH)D (measured by RIA) with ½ MED exposure to the lower back, three times per week.167  
These results support the belief that older individuals have adequate capacity to synthesize 
vitamin D3 in response to UV-B exposure, despite the decreased availability of 7-
dehydrocholesterol in the skin.  One trial evaluated the effect of sunscreen on serum 25(OH)D 
concentrations and found that the UV-B response was not suppressed by sunscreen use.169 

There is fair evidence that solar and artificial UV-B exposure increase 25(OH)D levels.  The 
included trials did not address the issue of whether serum 25(OH)D response is attenuated in 
heavily pigmented groups. It was also not possible, to evaluate the impact of effect modifiers such 
as age, ethnicity, seasonality and latitude.  
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Question 2C.  What Is the Effect of Vitamin D 
Supplementation on Circulating 25(OH)D? 

 

Overview of Relevant RCTs  

Study characteristics. A total of  74 RCTs in 81 published reports evaluated the effect of 
vitamin D supplementation on circulating 25(OH)D concentrations.60,61,90-93,102,105,112-115,117-

121,167,168,176-185,185-236  Within the trials, five had the following companion publications: Greer93 
had one companion193;  Grados191 had two companion papers190,237; Dawson-Hughes184 had one 
companion185;  Schaafsma121 has one companion221; and Sorva224 had two companion 
papers.225,226  For each trial in this section we refer to the primary publication (Table 12). 

Sixty-nine studies were parallel design randomized trials.60,61,90-93,102,105,112-115,117-121,167,168,176-

184,186-190,192,194-197,199-207,209-215,217-220,222,224,227,229-236  Four were crossover trials,198,216,223,228 and 
one a factorial trial.208 

Baseline BMI was reported in nineteen trials and ranged from 24.8199 to 32.8 kg/m2.196 

Study quality. Five trials112,115,203,210,238 received a rating of 5/5 on the Jadad scale, 13 trials 
received a rating of 4/592,113,119-121,178,184,190,192,206,219,223,228 and 17 trials were rated 
3/5.102,114,117,177,180,183,193,197-200,215,216,218,222,229,231 Thirty-nine trials received a Jadad score of  
2/5.60,61,90,91,93,118,167,168,176,179,181,182,186-189,194-196,201,202,204,205,207,209,211-214,217,220,224,227,230,232-236 These 
ratings indicate that more than half of the studies were of lower quality (Table 12).  

Interventions.  Vitamin D3 alone was the intervention in 29 trials.60,61,105,113,119,167,168,186-

189,194,195,198,200,203,206,208-210,216,223,230-236 

Twenty-six trials used vitamin D3 combined with calcium as the 
intervention.113,114,117,118,121,177,178,180,181,183,184,187,190,192,197,199,200,202,207,213,215,218,219,222,224,228 

Fifteen trials used vitamin D2 alone as the intervention.90-93,102,112,115,120,176,179,196,211,212,214,227 
and the type of vitamin D was not stated in four trials.168,204,217,220 

Three trials had separate vitamin D2 and vitamin D3 arms.61,229,230 

Qualitative data synthesis.  Baseline serum 25(OH) D concentrations were reported in 61 
trials.60,102,105,112-115,117,119-121,167,168,177-181,184,187-190,192,194-210,212,214-220,222-224,227-230,232-236 

Twenty-one trials examined the efficacy of vitamin D supplements in vitamin D deficient 
populations (mean serum 25(OH)D  30 
nmol/L),112,114,119,167,179,180,189,190,197,199,207,209,210,214,218,220,222,224,227,235,236and three other trials had a 
subgroup of patients who were vitamin D deficient (  30 nmol/L).90,91,202

Vitamin D assay. The majority of trials (N = 42) used a competitive binding protein assay 
to measure serum 25 (OH)D concentrations.60,91,93,102,105,112,113,118,119,121,168,176,178-184,190,194-196,198-

200,202,204-207,209-211,214,215,220,224,227,232,235,236 

Twenty-nine trials used an immunoassay method.61,90,114,115,117,120,167,177,186-

189,192,197,201,203,208,212,213,216-218,222,223,228,230,231,233,234 and three trials used HPLC.92,219,229  No trials 
reported using liquid chromatography-tandem mass spectrometry to measure serum 25(OH)D 
concentrations. 
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The qualitative results are presented by age group and additional details are presented in 
Table 12.  For the vitamin D3 (+/- calcium) versus placebo or calcium trials that provided 
adequate data, the results of quantitative synthesis are presented after the qualitative section.  We 
did not conduct quantitative analyses of vitamin D2 versus placebo due to the smaller number of 
trials, heterogeneity of trials and lack of adequate data. 

Infants
Seven trials included term infants.90-93,182,217,236  Only two trials had a quality score of  3.92,93 

Sample sizes ranged from 30 to 312 and six out of the eight trials were published prior to 1995.  

Intervention.  Vitamin D2 was used in four trials90-93 vitamin D3 in another236 and the 
isoform was not stated in three trials.182,217,220  In most trials, infants received daily doses  400 
IU of vitamin D2.90,92,93,182  Zeghoud (1994) administered either 200,000 IU or 100,000 IU 
vitamin D3,

236 and Zeghoud (1997) administered 500 IU versus 1,000 IU daily.91 

Vitamin D status.  Baseline serum 25(OH)D concentrations were not reported in all trials.  
In one trial in France, all subjects were vitamin D deficient236 and in another trial by Zeghoud 63 
percent had levels <30 nmol/L.91  In another trial the mean cord serum 25(OH)D concentrations 
were < 27.5 nmol/L in 95 percent of infants90 (Table 12). Serum 25()H)D assays included CPBA 
in four trials, immunoassay in two and HPLC in one trial. 

Zeghoud et al. (1994) randomized 30 healthy formula-fed neonates to receive either 200,000 
IU of vitamin D once at birth or 100,000 IU at birth, 3 and 6 months. Mean (SD) serum 
25(OH)D concentrations increased to 150 (55) nmol/L with 200,000 IU and to 92 (42) with 
100,000 IU, 15 days post dose.  In the 100,000 IU treatment arm, the mean (SD) 25(OH)D 
concentrations 3 months after each dose were 43.7 (24.7), 52.2 (29.2), and 67.5 (30) nmol/L.236 

In another trial, Zeghoud (1997) randomized 80 healthy full term neonates to receive either 
500 or 1000 IU of vitamin D2/day from birth to three months of age.  At birth, 63.7 percent of 
neonates had serum 25(OH)D concentrations  30 nmol/L (mean 17.9, SD 7.8), the majority 
born to mothers who had not received vitamin D supplement.  Twenty-seven percent of the 
mothers had received an oral dose of 100,000 IU vitamin D2 in the sixth to seventh month of 
pregnancy.  Neonates were grouped by 25(OH)D concentration; group 1 (N = 14) had a total 
vitamin D (both D2 and D3 measured) concentration  < 30 nmol/L  and elevated serum PTH (> 
6.4 pmol/L); group 2 (N = 36) had low 25(OH)D concentrations (mean 22.7 (6.5) nmol/L) 
without PTH elevation and group 3 (N = 29) had serum 25(OH)D concentrations > 30 nmol/L.  
One month after beginning the 1,000 IU dose of vitamin D, mean 25(OH)D concentrations 
ranged from 65 to 70 nmol/L and PTH concentrations were similar amongst the three groups.  In 
the 500 IU arm, mean 25(OH)D concentrations increased and ranged from 58 to 63 nmol/L.  
However, the levels attained by the vitamin D deficient group were significantly lower than the 
other groups and serum PTH concentrations remained elevated in 14.3 percent of infants in this 
group.  These results suggest that neonates with vitamin D deficiency may respond differently 
and require higher doses of supplemental vitamin D.91  This trial had a 35 percent loss to 
followup.Specker et al. in a trial of 312 term infants from two northern and southern cities in 
China evaluated three dosages of vitamin D (100, 200 or 400 IU vitamin D2/day for six months) 

for the prevention of rickets.  Mean cord serum vitamin D concentrations at baseline were 
lower in northern infants than those in the south (12.5 versus 45 nmol/L, samples drawn in the 
fall).  At 6 months, serum 25(OH)D concentrations increased in a dose response manner in the 
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northern children (30, 38 and 63 nmol/L respectively).  However, some infants in the 100 and 
200 IU dose arms, remained vitamin D deficient, suggesting that these doses may be inadequate 
for infants residing in northern latitudes.90 

Greer et al. randomized 18 term exclusively breast-fed infants to either 400 IU of vitamin D2 
or placebo.  After 12 weeks, the mean serum 25(OH)D concentration was 95 nmol/L in vitamin 
D supplemented compared to 50 nmol/L in controls (p<0.01).93  Similar concentrations of 
25(OH)D were seen at the end of 6 months (93 (30) versus 58.8 (25) nmol/L) in another trial by 
Greer conducted in Caucasian, breast-fed infants with the same dose of vitamin D2.92  

In Turkey, Pehlivan randomized 40 breast-fed infants to 400 or 800 IU of vitamin D (isoform 
not stated).  Ninety-five percent of the mothers had 25(OH) D levels below 40 nmol/L, due to 
lack of sun exposure (mean 25(OH)D level 17.5), and 80 percent had levels <25 nmol/L.  The 
mean serum 25(OH)D was 83.7 (SD 53.7) and 24 percent of the infants had baseline serum 
25(OH)D levels below 40 nmol/L.  Followup mean (SD) serum 25(OH)D at 16 weeks was 76.9 
(35.4) and 91.8 (61.5) nmol/L for the 400 IU and 800 IU groups respectively, and 79.5 percent of 
infants had 25(OH)D levels within the normal range.217 

Chan (1982) randomized 91 term infants into one of three groups, 1) breast-fed alone, 2) 
breast-fed with 400 IU vitamin D and 3) fed with Similac containing 400 IU/L of vitamin D.  
Lactating mothers were supplemented with 400 IU vitamin D.  After 6 months, mean serum 
25(OH)D (SD) levels in the three groups were 47.5 (23.4), 57.5 (40.5), and 45.0(31.6) nmol/L, 
respectively.  There were no significant differences in 25(OH)D between nursing mothers who 
were supplemented and those who were not.182 

 

Summary. Vitamin D supplementation on 25 (OH)D levels in Infants
Quantity: Seven trials included infants and few trials used vitamin D3. 

Quality: Most trials were of lower methodological quality.   

Consistency: One trial suggested that 200 IU of vitamin D2 may not be enough to prevent 
vitamin D deficiency, in some infants residing at northern latitudes. A dose-response was noted 
in this same trial (100, 200, 400 IU/day).  Consistent responses to vitamin D supplementation 
were noted across the seven trials, and some trials suggested that infants who are vitamin D 
deficient, may respond differently and require higher doses of vitamin D. 

 

Pregnant Women and Lactating Mothers 
There were six trials of vitamin D supplementation in pregnant or lactating 

women.176,179,186,201,211,220  All trials scored either 1/5 or 2/5 on the Jadad scale. Sample sizes 
ranged from 40 to 126 women.   

Intervention.  Three trials administered 1,000 IU vitamin D2 daily176,179,211 and the 
remaining trials used vitamin D3.  Dosages ranged from 400 to 1,000 IU. 

Vitamin D status.  Assays for circulating 25(OH)D were CPBA in four trials and RIA in 
two.  Brooke included women who were vitamin D deficient, with a mean serum 25(OH)D 
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concentration of 20 nmol/L179and the mean serum 25(OH)D at baseline was < 30 nmol/L in 
another trial.220 

Brooke compared 1,000 IU vitamin D2 versus placebo given at 28 weeks to 126 Asian 
women who were vitamin D deficient and reported large increases in both serum and cord blood 
with 25(OH)D levels of 168 (increase of 148) versus 16.2 nmol/L in the controls (Table 12).  
This dose also improved neonatal serum calcium (five infants in the control group had 
symptomatic hypocalcemia versus none in the vitamin D group). The serum 25(OH)D values in 
this trial were not, however, replicated in other trials and may be related to the fact that an older 
CPBA assay was used. 

Rothberg et al. randomized nursing mothers to 500 IU or 1,000 IU vitamin D daily (isoform 
not stated) versus placebo for six weeks post delivery.  By day four, serum 25(OH)D (mean, SD) 
levels in the mothers were 34 (13.5), 36.8 (12.3) and 25(13.8) nmol/L respectively.  These mean 
concentrations were lower than in the other trials and could be due to the fact that the mothers 
did not receive vitamin D fortified milk or D supplemented diets.  By six weeks, the mean 25 
(OH)D concentrations were significantly lower in the unsupplemented mothers (26.5 nmol/L) 
than in supplemented mothers (35 nmol/L).  Maternal serum 25(OH)D concentrations correlated 
directly with infant serum 25(OH)D values.220 

In a trial of 77 women conducted in winter, Mallet compared 1,000 IU vitamin D2 to a single 
dose of 200,000 IU vitamin D2 given in the last trimester versus placebo.211 Mallet reported 
mean maternal plasma concentrations of 25.3 nmol/L with 1,000 IU, 26.3 nmol/L with 200,000 
IU dose compared to 9.4 nmol/L in the controls, levels that were lower than those achieved in the 
Brooke trial.  Cord blood levels increased, but were lower than serum concentrations.  

Delvin administered 1,000 IU vitamin D3 to mothers during the last six months of pregnancy 
compared to no supplement and reported that mean serum 25(OH)D increased significantly to 55 
nmol/L versus 27.5 in controls (cord serum 25(OH)D: 45 and 17.5 respectively).  Serum 
25(OH)D concentrations in infants at 4 days of age were 32.5 (2.5) in the supplemented and 12.5 
(2.5) nmol/L in controls. 

In a small trial of 18 lactating women, Hollis administered 2,000 IU (1600 IU vitamin D2 and 
400 IU vitamin D3 prenatal) versus 4,000 IU vitamin D (1,600 IU D2 and 400 IU D3 prenatal) for 
3 months.  The serum 25(OH)D concentrations increased by 36.1 nmol/L in the 1,600 IU group 
(to 90.3 nmol/L) and 44.5 nmol/L with 3,600 IU group (111.3 nmol/L).201  In this trial, serum 
25(OH)D levels ranged from 69.5 to 77 nmol/L with 1,600 and 3,600 IU vitamin D2, 
respectively. 

The mean value of 25(OH)D achieved in the treated groups was less than 45 nmol/L in all 
studies except one in which serum 25(OH)D in mothers at delivery was 168 ± 12.5 nmol/L.179 

In a 20 week trial of 100 breast-fed infants in Finland, Ala-Houhala (1985) compared three 
supplementation protocols in healthy term infant- mother pairs: 1,000 IU or 400 IU of vitamin D2 
given to the infants, or 1,000 IU daily provided to the lactating mothers.  The mean serum 
25(OH)D concentration in the infants receiving 1000 IU increased to 57.5 (28) nmol/L compared 
to 45 (21) nmol/L with 400 IU vitamin D2.  Infants who did not receive supplementation but 
whose mothers received 1000 IU vitamin D2 during lactation had a mean serum 25(OH)D serum 
concentration of only 14 (9.4) nmol/L.176  Therefore, supplementing lactating mothers with 1,000 
IU during winter months did not increase serum 25(OH)D concentrations in the infant. 
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There were no randomized trials evaluating the efficacy of 400 IU of vitamin D3 in lactating 
women. 

 
Summary.  Vitamin D supplementation on 25 (OH)D levels in Pregnant or Lactating 
Women
Quantity: There were six small trials of vitamin D supplementation in pregnant or lactating 
women.  No randomized trials studied the effect of 400 IU vitamin D3.  Three trials used 1,000 IU 
of vitamin D2 and one trial used 1,000 IU of vitamin D3. 

Quality: All trials were of low methodological quality. 
 
Consistency: 1,000-3,600 IU/day of  vitamin D2 and 1,000 IU/ d of  vitamin D3 resulted in 
significant increases in serum 25(OH)D concentrations in lactating mothers and in cord blood. 
One trial found that supplementation of lactating mothers with 1,000 IU of vitamin D2 during 
winter months did not increase serum 25(OH)D concentrations in the infants.
 

Children and Adolescent Populations 
Four trials examined the effect of vitamin D supplementation in children or adolescent 

populations.  Two trials were conducted in pre-pubertal children,102,223 one included both pre-
pubertal and post-pubertal children,105 and one was 100 percent adolescent males.194  Sample 
sizes ranged from 20223 to 179.105 

Study quality (Jadad score) was > 3/5 in three trials.102,105,223 

Intervention.  The intervention was vitamin D2 in one trial,102 and vitamin D3 in the other 
three trials.105,194,223  Doses ranged from 200 to 2,000 IU per day. 

Serum 25(OH)D assays used were CPBA in three trials and RIA in one. 

Ala-Houhala administered 400 IU of vitamin D2, 5-7 times per week for a year in Finnish 
children aged 8-10 years and reported a mean increase in serum 25(OH)D of 22 nmol/L with 
supplementation compared to a decrease of 2.7 in the placebo group.  There was no change in 
PTH levels.  In a crossover trial during winter, Schou et al. administered 600 IU vitamin D3 to 20 
healthy children (mean age 9.8 years) and reported in the group given placebo first that the 
25(OH)D concentration was 33.7 (SD 10.4) nmol/L, increasing to 50.2 (SD 14.2) nmol/L during 
vitamin D supplementation.  There was no significant effect on PTH concentrations. 

In a trial in females aged 10-17 years, 200 IU or 2,000 IU of vitamin D3 were given.  The 
mean increases in serum 25(OH)D concentrations ranged from 8 nmol/L (end of study 43 
nmol/L) with 200 IU daily, to 60 nmol/L with 2,000 IU vitamin D3 daily compared to a decrease 
of 5 nmol/L in controls.105   

Guillemant administered 100,000 IU vitamin D3 every two months to adolescent male 
jockeys and reported  that with low dietary calcium intakes, vitamin D3 prevented the wintertime 
decrease in serum 25(OH)D and rise in serum PTH.  The mean increase in serum 25(OH)D was 
35 nmol/L. 
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Summary. Vitamin D supplementation on 25(OH)D levels in Children and Adolescents 
Quantity: There were four trials that examined the effect of vitamin D on 25(OH)D in 

children or adolescents with doses ranging from 200 to 2,000 IU of vitamin D3/ day and 400 IU 
of vitamin D2. 

Quality: The study quality was  3 in three trials.  

Consistency: There were consistent increases in 25(OH)D concentrations ranging from 8 
nmol/L (200 IU), 16.5 (with 600 IU D3) to 60 nmol/L (2,000 IU of vitamin D3). 

 

Premenopausal Women and Younger Men 
Nine trials were identified that included solely younger adults.60,61,177,187,198,227,229,230,234  Of 

these, the study quality was  3 in four trials.177,198,229,234  Most trials were small with sample 
sizes ranging from 18187 to 116.198  Four additional trials included populations of younger and 
older adults.  Of these, two trials included premenopausal and postmenopausal women; the mean 
age of women in one of the trials was 47.2 (range 24 - 70 years),216 and the other trial included 
six premenopausal women who had a mean age of 30 years in a total of 105 participants.232  Two 
trials included a population of younger and older men.195,196 

Interventions.  Three trials compared the effect of vitamin D2 to vitamin D3.61,229,230
   Eight 

of the nine trials exclusively in younger adults had at least one treatment arm of vitamin D3 
(doses ranged from 600 IU/d to 10,000 IU/d); two studies used vitamin D in combination with 
calcium.177,187  The doses in vitamin D2 trials ranged from 4,000 IU daily229,230 to 100,000 IU 
(single dose).227  

Serum 25(OH)D was measured by CPBA in three trials,60,198,227 and RIA or HPLC in the 
others. 

Of the three trials that evaluated the effect of vitamin D2 versus D3 in younger adult 
populations (N = 121), the cohorts included healthy volunteers (mean age 38.9 years),230 healthy 
pre-menopausal women (mean age 33 years)229 and healthy male volunteers (mean age 33 
years).61 

In an eight week trial, Tjellsen examined the effect of 4,000 IU vitamin D2 versus 4000 IU 
vitamin D3 in 19 healthy premenopausal women during September to November.229  Both arms 
had similar baseline serum 25(OH)D concentrations (measured by HPLC).  Tablet analysis 
revealed that vitamin D3 contained 4,400 IU and vitamin D2 3,800 IU.  Treatment with vitamin 
D2 did not increase total 25(OH)D concentrations (median 88.8 nmol/L, range 49.3-120.8) due to 
a decrease in vitamin D3 metabolites whereas vitamin D3 significantly increased total serum 
25(OH)D from a baseline median of 77.5 (range 46.3 - 100.5) to a median of 113.5 (range 77.5-
138.5) nmol/L.  The authors concluded that vitamin D2 and vitamin D3  have a differential effect 
on serum 25(OH)D concentrations. 

Trang et al. assessed the efficacy of equimolar amounts of vitamin D2 (4,000 IU daily) or 
vitamin D3 (4,000 IU daily) on serum 25(OH)D concentrations in 72 volunteers for two weeks 
during wintertime.230  Mean serum 25(OH)D (SD) levels increased from 43.7 (17.7) nmol/L to 
57.4 (13.0) nmol/L, an increase of 13.7 nmol/L, in the vitamin D2 treated subjects and from 41.3 
(17.7) nmol/L to 64.6 (17.2) nmol/L, an increase of 23.3 nmol/L, in the vitamin D3 group.  The 
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difference in the increase from baseline in group means was 9.6 nmol/L (95% CI 1.4, 17.8).   
They also examined responses based on baseline serum 25(OH)D levels and reported larger 
increases in individuals with lower serum 25(OH)D concentrations.  There was no difference 
from baseline or between groups in mean serum 1,25-(OH)2D. 

Armas et al. examined the relative efficacy of vitamin D2 versus vitamin D3 with a single oral 
50,000 IU dose over a 28 day period in 30 healthy males (mean age 33 (11.5) years).  Baseline 
serum 25(OH)D concentrations were similar.  The mean BMI (SD) of subjects was 27.14 (2.77) 
kg/m2. Vitamin D2 and D3 produced similar increases in serum 25(OH)D over the first three days 
suggesting comparable conversion to the 25-hydroxy metabolite.  However, by 14 days, serum 
25(OH)D concentration peaked in the vitamin D3 treated subjects but fell to baseline in the 
vitamin D2 treated subjects.  The area under the curve of the rise in serum 25(OH)D (SD) at 28 
days was 150.5 (58.5) in the vitamin D2 arm and 511.8 (80.9) nmol/L in the vitamin D3 arm 
(p<0.002).  Armas concluded that the vitamin D2 potency was less than one third that of vitamin 
D3.61  

In the five trials that administered vitamin D3 (+/-) calcium to populations of exclusively 
younger adults,60,177,187,198,234 the reported increases in serum 25(OH)D were 39 nmol/L with 600 
IU,177 6 nmol/L with 800 IU,187 92 nmol/L with 5,000 IU and 159 nmol/L with 10,000 IU 
vitamin D3 daily.60  Vieth234 randomized 73 healthy adult men and women to either 1,000 or 
4,000 IU vitamin D3 and the mean increase in serum 25(OH) concentration was 25.4 and 58.4 
nmol/L (end of study 25(OH)D concentrations of 68.7 (16.9) and 96.4 (14.6) nmol/L 
respectively). 

Stephens administered 100,000 IU vitamin D2 orally or by injection, to 33 vitamin D 
deficient (serum 25(OH)D < 12.5 nmol/L) Asian men and women.  The mean increase in serum 
25(OH)D by one month was 36 nmol/L with  a significantly greater mean serum 25(OH)D with 
oral vitamin D (52 nmol/L) compared to intramuscular vitamin D (32.5 nmol/L).  The difference 
between the two treatment arms was not significant at 3 or 6 months.  The variability was also 
greater with intramuscular vitamin D compared to oral administration.227 

 

Summary.  Vitamin D supplementation on 25 (OH)D levels in Premenopausal Women 
and Younger  Men 

Quantity:  Ten small trials included premenopausal women and younger males. Three trials 
these compared vitamin D2 to vitamin D3 in healthy young adults.  Of these, one trial analyzed 
content of the tablets. Two of the three trials used RIA, and one HPLC to measure 25(OH)D. 
Doses of vitamin D3 ranged from 600 to 10,000 IU/day and vitamin D2 (4,000 IU/day or 50,000 
to 100,000 for one dose) 

Quality: The methodological quality of 8/10 trials was poor.  

Consistency:  Three trials found that vitamin D2 and D3 in healthy adults may have different 
effects on serum 25(OH)D concentrations.  Vitamin D2 appeared to have a smaller effect on 
serum 25(OH)D, which may have been due to more rapid clearance and/or different metabolism 
than vitamin D3. One trial compared 100,000 IU vitamin D2 orally versus injection and found a 
greater variability in response with the intramuscular preparation.  A dose-response effect was 
noted in those trials that used multiple doses of vitamin D3. 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

646	 DIETARY REFERENCE INTAKES FOR CALCIUM AND VITAMIN D

  
126 

Postmenopausal Women or Older Men 
Thirty trials included solely postmenopausal women, older men or a combination of 

both.113,115,117-121,178,183,184,189,190,192,199,202-206,208,210,212-215,218,219,228,231,233  Four additional trials 
included a combination of younger and older adults.  Two  trials also included younger men195,196 
and two trials also included premenopausal women.216,232  

The study quality was  3 in 22 trials and sample sizes ranged from 15 to 2578. 

Intervention.  Of the 30 trials, four assessed the effect of vitamin D2 (+/-calcium) versus 
placebo or calcium115,120,212,214 and one trial used injectable vitamin D2.115 Seven trials assessed 
vitamin D3 versus placebo or calcium.119,203,206,208,210,231,239  Fourteen trials assessed vitamin D3 + 
calcium versus placebo184,190,192,199,213,215 or calcium.113,117,178,183,202,218,219,228 Vitamin D3 dosages 
ranged from 300 IU199 to 2,000 IU per day.219  In one trial,204 the vitamin D isoform was not 
reported.  In four trials, the comparator was either another dosage of vitamin D3

118,233 or the same 
dosage of vitamin D3 combined with calcium.192  Kenny compared 400 IU vitamin D with 
calcium carbonate versus vitamin D and calcium citrate.205 

Vitamin D status.  Seven trials were conducted in populations with mean serum 25(OH)D 
concentrations  30 nmol/L, range 17.5 to 27.8 nmol/L.119,189,190,199,210,214,218 

Serum 25(OH)D assays used were CPBA in 16 trials, RIA in 13 trials and HPLC in one trial. 

In the vitamin D deficient trials, doses of vitamin D3 ranged from 200 IU189 to 880 IU/day,218 
and vitamin D2 was given as a 15,000 IU weekly dose in one trial.214  Serum 25(OH)D 
concentrations with daily doses of either 200 IU or 300 IU of vitamin D3 resulted in a mean 
increase of 11.4 nmol/L relative to placebo,189,199 while 400 IU increased serum 25(OH)D by 38 
nmol/L relative to placebo.119 

Deroisy reported that with 200 IU of vitamin D3, the end of study mean serum 25(OH)D 
(SD) was 42.5 (16), and PTH concentrations decreased to 2.45 pmol/L.189 

Grados used 800 IU of vitamin D3 combined with calcium 1,000 mg versus placebo and 
reported a median increase in serum 25(OH)D of 45 nmol/L relative to placebo, consistent with a 
dose-response.190  Serum PTH concentrations normalized (3.1, range 2.3-4.1) in the vitamin D3 
arm and remained elevated in the placebo group. 

Pfeifer administered 880 IU vitamin D3 with 1,200 mg calcium versus calcium to 148 older 
women (mean serum 25(OH)D <30 nmol/L).  The mean increase was 22.16 relative to placebo 
and serum PTH decreased from 6.11 to 4.55 with vitamin D3 versus 5.26 in the placebo group. 

In the trial with vitamin D2, the mean increase in serum 25(OH)D was 33.6 nmol/L relative 
to placebo.214 

Aloia et al. randomized 208 African-American women to either 800 IU vitamin D3 + calcium 
versus calcium.117  In the vitamin D3 arm, after two years the dose of vitamin D was increased to 
2,000 IU daily.  The baseline mean serum 25(OH)D concentrations was 48.3 nmol/L and after 3 
months increased by 22.75 with 800 IU, and 39 nmol/L with 2,000 IU/ day, relative to placebo. 

In nine trials that used either daily vitamin D3 or D2 as the intervention, mean serum 
25(OH)D concentrations of over 75 nmol/L were achieved,113,117,118,202,204,212,213,233,239 with doses 
ranging from 400 IU vitamin D (isoform not stated)240 to 2,000 IU D3 per day.117,219  
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Meier et al. reported that 500 IU of vitamin D3 combined with 500 mg calcium prevented the 
rise in serum PTH and the increase in bone turnover seen with winter declines in vitamin D 
status (mean baseline 25(OH)D of 75 nmol/L).213 

Vieth compared 600 IU versus 4,000 IU vitamin D3 in individuals at risk for vitamin D 
deficiency.  Baseline serum 25(OH)D levels of 49 and 46 nmol/L increased to 79 and 112 
nmol/L, respectively.233 

Goussous et al. assessed the effect of 800 IU vitamin D3 plus 1,000 mg calcium versus 800 
IU vitamin D3 daily on 25(OH)D in healthy older men and women.192  Mean baseline serum 
25(OH)D concentrations in the two arms were 47.9 and 49.1 nmol/L, respectively.  Increases in 
serum 25(OH)D (SD) concentrations were not statistically significant in the vitamin D3 and 
calcium group (16.25 (14.8) nmol/L) compared to the vitamin D3 alone group (16.6 (17.4) 
nmol/L).  The authors concluded that in older healthy men and women, the level of calcium 
intake (500-1500 mg) does not affect the serum 25(OH)D response to 800 IU vitamin D3. 

Dawson-Hughes et al. assessed the effect of 100 IU versus 700 IU of vitamin D3 (plus 500 
mg calcium) in healthy postmenopausal women.118  Seasonal variation was included as part of 
the study dosing.  After 9 months, the 700 IU vitamin D3 arm attained a mean serum 25(OH)D of 
100.1 (24.5) nmol/L versus 66.3 (25.5) nmol/L with 100 IU vitamin D3 (absolute difference 33.8 
nmol/L).  BMI was reported but the authors did not report if BMI affected the individual 
responses to vitamin D3. 

Elderly Populations 
Fourteen trials were conducted in elderly individuals residing in either long-term care or 

nursing homes.112,114,167,168,180,181,188,197,200,207,209,222,224,235  One trial202 included an arm with 
elderly institutionalized women.  The study quality was  3/5 in seven of the 14 trials.  Sample 
sizes ranged from 30 to 3270.181 The majority of the studies reported a mean age in the ninth  
decade.   

Intervention.  Of the 14 trials, two trials assessed vitamin D2 versus placebo,112,197 seven 
trials evaluated vitamin D3 versus placebo,167,168,200,209,210,224,235 and four trials assessed vitamin 
D3 plus calcium versus placebo or calcium.114,180,181,207  Two trials compared vitamin D3 plus 
calcium to a different dose of vitamin D3.188,222 

Vitamin D status. Assays used to determine serum 25(OH)D levels were CPBA in eight 
trials and RIA in six trials.  Eleven of fourteen trials included populations that were vitamin D 
deficient at baseline112,114,167,180,197,202,207,209,222,224,235 with mean serum 25(OH)D concentrations 
ranging from 6.5222 to 30 nmol/L.114  In one trial, a subgroup of institutionalized subjects were 
reported to have serum 25(OH)D levels  30 nmol/L.202 

With vitamin D2, Harwood197 reported increases ranging from 12 to 40 nmol/L after a single 
300,000 IU intramuscular injection and another trial reported an increase of 98 nmol/L to an end 
of study serum 25(OH)D of 115 nmol/L with 9,000 IU oral vitamin D2 daily.112  

Sorva224 using 1,000 IU/day of vitamin D3 in geriatric long-term care patients reported an 
increase of 46 nmol/L relative to control, and intact PTH levels decreased from 3.4 to 2.9 pmol/L 
versus an increase in placebo from 4.0 to 4.4 pmol/L. 
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Honkanen et al. used a dose of 1,800 IU vitamin D3 daily and the serum 25(OH)D 
concentrations increased by 39.9 nmol/L or 52.6 nmol/L (95% CI 49, 57) when compared to 
placebo.  Serum PTH data were not provided.202 

Weisman administered a single dose of vitamin D3 (100,000 IU) to 57 elderly nursing home 
residents and after five months, the mean increase in serum 25(OH)D was 65 nmol/L, relative to 
placebo.  One limitation of this trial was the significant baseline differences in serum 25(OH)D 
between intervention and controls. 

Sebert et al. assessed a combination tablet of 400 IU vitamin D3 combined with 500 mg 
calcium given twice daily versus separate administration of 800 IU vitamin D3 (8 drops) and 500 
mg calcium to evaluate if the combination had a different effect on serum 25(OH)D in elderly 
deficient institutionalized subjects.222  Baseline plasma 25(OH)D levels increased from 6.5 to 
36.5 nmol/L at 6 months (p<0.001) with the combination tablet and from 6.3 to 33.75 nmol/L in 
the comparator arm (calcium and separate vitamin D drops) (p<0.001), and PTH levels decreased 
by a similar amount.222 

The increases in mean serum 25(OH)D with 800 IU of vitamin D3 ranged from 21197 to 65 
nmol/L.114  Krieg et al. used 880 IU of vitamin D3 with 1,000 mg calcium versus placebo and 
they reported a mean increase in 25(OH)D of 51.5 (end of study 25(OH)D of 66.2 nmol/L) 
compared to placebo and a decline in serum PTH values to 32.1 (2.4) after one year versus an 
increase in PTH in controls to 55.1 (4.4) pmol/L.  Combining results from the two trials in 
vitamin D deficient populations that used similar doses of vitamin D3 (880 or 1000 IU), and 
assays, resulted in an increase of 51 nmol/L (95% CI 46-57) versus placebo.207,224 

End of study mean 25(OH)D levels (>75 nmol) were achieved in two trials that used vitamin 
D3 doses of 800 IU in vitamin D deficient populations.180,209 

In four trials that had mean baseline serum 25(OH)D concentrations >30 nmol/L168,181,188,200 
and used doses from 800 IU to 2,000 IU vitamin D3, serum 25(OH)D levels > 75 nmol/L were 
attained. 

Himmelstein used 2,000 IU vitamin D3 daily in a population of elderly nursing home 
residents with mean serum 25(OH)D of 40-50 nmol/L and reported an increase of 42.4 (95% CI 
32-53) nmol/L relative to the control group.  PTH levels were not affected after 
supplementation.200 

In two small trials in men, Harris compared the response to vitamin D supplementation in 
younger versus older men.195,196  In one trial of 1,800 IU vitamin D2, there was a significant 
difference in serum 25(OH)D concentrations with a 90 percent greater increase in younger men 
(30.4 versus 7.5 nmol/L).  In the trial that used 800 IU vitamin D3, there was no difference in 
mean absolute increase in younger versus older men.  The difference in results may be explained 
by differences in the dose used in each trial or may be due to differential metabolism of vitamin 
D2 in different age groups (e.g., metabolism to 24(OH)D).  

 

Summary. Effect of Supplementation on Postmenopausal Women and Older Men 
Quantity: 44 trials were conducted exclusively in postmenopausal women and older men, 

with 14 of these in elderly populations living in long-term care or nursing homes. One trial was 
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in early postmenopausal women. Doses of vitamin D3 ranged from 100 to 4000 IU/day and 9,000 
IU vitamin D2. One trial was conducted in African American women.  

Quality: Methodological quality was  3 in 24 trials.  

Consistency: One trial found that wintertime declines in serum 25(OH)D were prevented 
with 500 IU of vitamin D3 daily.  A dose response with increasing doses of vitamin D3 was noted 
although there was a variability in response to similar doses across trials that may have been due 
to differences in serum 25(OH)D assays or baseline 25(OH)D status. It was difficult to 
comment on how the  results differed by assay, since there were often other differences between 
trials such as the dose used.  Similarly, although some trials suggested a greater response to 
vitamin D in populations that were vitamin D deficient at baseline compared to those who were 
not, this was difficult to assess due to heterogeneity of assays.   

 

 

Meta-analysis of Trials of Oral Vitamin D3 (+/- Calcium) on Serum 
25(OH)D Concentrations 

Study selection. As summarized above, 44 RCTs investigated the effect of oral vitamin D3 
supplementation (+/- calcium) versus no treatment, placebo or calcium on serum 25(OH)D 
concentrations.60,61,105,113,114,117,119,121,167,168,177,178,180,181,183,184,186,187,189,190,194,195,197,199,200,202,203,206-

210,213,215,216,218,219,223,224,228,230-232,235 

Seventeen trials administered oral vitamin D3 supplements with or without calcium versus no 
treatment, placebo or calcium on an intermittent or daily basis and presented sufficient data to 
combine results of the absolute change in serum 25(OH)D 
concentrations.60,105,113,177,181,184,189,194,195,199,200,202,207,216,218,219,224  Due to a significant and 
unexplained difference in baseline serum 25(OH)D levels between the treatment and control 
groups, we excluded the study by Riis et al.219   A total of 16 trials were therefore included in the 
meta-analysis.  Two trials60,105 included more than one treatment arm with different doses of 
vitamin D3 and one placebo group, so we used results from only one treatment group (i.e., 1,000 
IU/day60 and 2,000 IU/day105) in all analyses.  The study by Heaney et al.60 warrants discussion 
as multiple measurements of serum 25(OH)D were taken over time.  A compartment model was 
used to derive a monotonic form for concentration as a function of time.  This model was fitted 
to each individual's data to extrapolate an estimate of the equilibrium (asymptotic) 25(OH)D 
concentration.  The estimates from the Heaney study differ from the other included studies that 
did not require extrapolation. 

The effect of vitamin D3 supplementation (+/- calcium) versus placebo or calcium on 
25(OH)D concentrations. Combining the 16 trials with a random effects model demonstrated 
large heterogeneity of treatment effect, (I2 = 97.7 percent).  However, the point estimates for each 
trial consistently favored vitamin D3.60,105,113,177,181,184,189,194,195,199,200,202,207,216,218,224 (Figure 5a). 
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Figure 5a.  The Effect of Vitamin D3 Supplementation (+/- calcium) vs. Placebo or Calcium on Absolute Change in 
25(OH)D Concentrations.

 

Figure Xa.  The effects of vitamin D3 supplementation (with/without calcium) vs. no 
treatment, placebo or calcium on absolute change in 25(OH)D levels.  
 

 

 

 

 

 

 

We conducted subgroup and sensitivity analyses and a meta-regression on dose to explore 
potential sources of heterogeneity. 

Subgroup analyses were conducted in an attempt to explain heterogeneity and included:  (1) 
dosage of vitamin D3 (i.e., grouped by < 400 versus. > 400 IU/day), (2) study population (i.e., 
older institutionalized, older community-dwelling versus younger community-dwelling 
individuals), (3) frequency of administration (i.e., intermittent versus daily vitamin D3), (4) 
assays used (i.e., CPBA versus RIA and HPLC), and (5) study quality (high quality studies 
defined by a Jadad score > 3).  Other potential explanations for the heterogeneity are the potency 
of the vitamin D supplement and whether 25(OH)D3 or total 25(OH)D was measured.  Only one 
trial60 assessed 25(OH)D3 and the potency of the vitamin D supplement was measured in only 
two trials.60,183  

Subgroup Analyses 
(1) Dose. To examine the effect of dose, the daily dose was derived for the two studies that 

used an intermittent dose of vitamin D3.105,194  The trials were classified by dose (i.e., (< 400 
IU/day),189,199 versus (> 400 IU/day)).60,105,113,177,181,184,194,195,200,202,207,216,218,224 

Combined results of two trials using < 400 IU/day demonstrated a significant increase in 
serum 25(OH)D levels [N = 136, WMD 11.36 (95% CI 8.56, 14.15), heterogeneity I2 = 0 
percent].189,199  Combined results of trials that used doses > 400 IU was not possible due to large 
heterogeneity of the treatment effect (WMD varied from 17.6 to 52.6) (I2 = 96.0 percent).  The 
weighted mean differences ranged from 17.6 to 69.5 (Figure 5b). 
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Figure 5b.  The Effects of Vitamin D3 Supplementation (with/without calcium) vs. Placebo or 
Calcium on Absolute Change in 25(OH)D Levels by Dose. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

(2) Study Population.  To explore the effect of age and health status of the study 
participants,  the trials were classified as follows: (1) community-dwelling younger 
adults,60,105,177,194,195,216 (2) community-dwelling older adults,113,184,189,195,199,202,218 and (3) elderly 
institutionalized individuals.181,200,202,207,224  Two studies reported results for two different 
populations.195,202  Combining the trials by the defined subgroups was not possible due to 
heterogeneity of the treatment effect and did not explain the overall heterogeneity (community-
dwelling younger adults: heterogeneity I2 = 85.8 percent; community-dwelling older adults: 
heterogeneity I2 = 97.0 percent; elderly institutionalized individuals: I2 = 89 percent). 

Baseline vitamin D status of the study populations were categorized as either vitamin D 
deficient at baseline (i.e. serum 25(OH)D levels < 30 nmol/L)189,199,202,207,218,224 or serum 
25(OH)D > 30 nmol/L.60,105,113,177,181,184,194,195,200,202,216  Results demonstrated that combining of 
trials was not possible due to heterogeneity of the treatment effect (vitamin D deficient: 
heterogeneity I2 = 98.1 percent versus not vitamin D deficient: heterogeneity I2 = 96.3 percent) 
(Figure 5c). 
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Figure 5c.  The Effects of Vitamin D3 Supplementation (with/without calcium) vs. Placebo or Calcium on Absolute 
Change in 25(OH)D Levels by Vitamin D Status. 

 
 

When we combined data from two trials207,224 that had similar population characteristics (age, 
institutionalized participants, vitamin D deficiency) and dose (880 -1000 IU), the increase in 
serum 25(OH)D compared to control was 51.2 nmol/L (95% CI 45.5, 57), I2 = 0. 

(3) Vitamin D assay.  To explore the impact of different assays, the included trials were 
divided into three groups as defined a priori: RIA,177,189,216,218 CPBA 
60,105,113,181,184,194,195,199,200,202,207,224 or HPLC.  None of the included studies used HPLC. 
Combining was not possible due to heterogeneity of the treatment effect (RIA: heterogeneity I2 = 
93 percent versus CPBA: heterogeneity I2 = 97.5 percent). 

Other subgroup analyses conducted but not presented here included (1) baseline 25(OH)D 
levels by classifying those with 25(OH)D levels as deficient and (2) compliance.  These analyses 
did not reduce the heterogeneity and therefore did not permit pooling of the results.    

Sensitivity analyses. The sensitivity analyses included: (1) study quality and, (2) loss to 
followup. Allocation concealment was not explored, since only one study reported adequate 
allocation concealment.

The included studies were divided into high (quality score > 3 on the Jadad 
scale)105,113,177,184,199,200,216,218 versus low quality subgroups.60,181,189,194,195,202,207,224 However, 
combining was not possible due to heterogeneity of the treatment effects (high quality: 
heterogeneity I2 = 93.7 percent versus low quality: heterogeneity I2 = 98.2 percent). 

The effect of loss to followup was explored by grouping the trials into those that reported a 
loss of over 20 percent181,207 versus less than 20 percent.105,113,177,184,189,194,195,199,202,218,224  
Combining trials was not possible due to heterogeneity of the treatment effects (loss to followup 
over 20 percent: heterogeneity I2 = 95.3 percent versus less than 20 percent: heterogeneity I2 = 
97.2 percent). 

Meta-regression on dose. A meta-regression of the 16 trials (a weighted linear mixed 
effects model estimated by REML), N = 1376,  was conducted to estimate the extent to which 
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dose of vitamin D3 explained the heterogeneity of the treatment effects.  Results demonstrated a 
significant association between the daily dose of oral vitamin D3 on serum 25(OH)D 
concentrations and the regression coefficient [beta=0.016 (95% CI 0.007,0.032), p = 0.042] 
suggesting that if the dose of vitamin D3 increases by 1 IU, the serum 25(OH)D concentrations 
can be expected to increase by 0.016 nmol/L.  The estimated between-study variance (tau-
squared) was reduced from 393.6 to 222.9.  See Figure 5d for a graphical representation of the 
treatment effect versus daily dose. 

 
Figure 5d.  25(OH)D Treatment Effect vs. Daily Oral Vitamin D3 Dose 
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The effect of oral vitamin D3 with/without calcium supplementation on serum 
concentrations of serum PTH.  The effect of vitamin D supplementation on serum PTH was 
assessed in 14 of the 16 trials.60,113,177,181,184,189,194,195,199,200,207,216,218,224

Vitamin D supplementation significantly decreased PTH concentrations in nine trials (four of 
which were in vitamin D deficient populations)60,113,181,184,189,207,216,218,224 or was sufficient to 
maintain serum iPTH levels, in spite of seasonal effects, in one trial.194  Nine trials used a 
vitamin D3 dose of  700 IU.60,113,181,184,194,207,216,218,224  Explanations for the failure to observe a 
decrease in serum PTH include that the vitamin D dose may have been too low for a population 
with low baseline 25(OH)D concentrations,199 or that serum 25(OH)D may have been above the 
threshold where further changes in PTH would occur.  In addition, PTH is modulated by other 
factors such as calcium intake.19 

Summary.  Quantitative Analysis  
 

Seventeen trials of vitamin D3 provided sufficient data to conduct a quantitative analysis.  The 
treatment effect of oral vitamin D3 supplementation increases with increasing doses.  Combining 
trials by different clinical and methodological characteristics did not change the direction of this 
effect nor did it reduce the heterogeneity found.  Meta-regression results demonstrated a 
significant association between dose and serum 25(OH)D levels (p = 0.04).  The meta-regression 
(exploratory only) results suggested that 100 IU of vitamin D3 will increase the serum 25(OH)D 
concentrations by 1-2 nmol/L.  This suggests that doses of 400-800 IU daily may be inadequate 
to prevent vitamin D deficiency in at-risk individuals.  Vitamin D3 doses of 700 IU daily or more 
significantly and consistently decreased serum concentrations of PTH in vitamin D deficient 
populations. 
Given the limitations in the measurement of 25(OH)D concentrations and the lack of 
standardization and calibration, it is difficult to suggest precise recommendations for adequate 
intakes, especially since optimal levels of serum 25(OH)D have not been defined. 
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Question 3A.  What is the Evidence Regarding the Effect of 
Supplemental Vitamin D on Bone Density in Women of 
Reproductive Age and Postmenopausal Women and

Elderly Men? 

 
Overview of Relevant RCTs 

Study characteristics. A total of 17 randomized trials evaluated the effect of supplemental 
vitamin D (with or without calcium) versus control (calcium, placebo or no treatment) on bone 
mineral density.  Of these 17 trials, 16 were parallel design RCTs of either supplemental vitamin 
D2 or D3

117-120,180,181,183,184,197,203,204,213,237,241-243 and one was a crossover trial of vitamin D3.216  
Treatment duration varied from one183 to seven years,243 and most trials were less than three 
years in duration.  Three articles190,191,237 were companion papers and we refer to the primary 
publication237 when discussing the results provided in either paper.    

Study population.  The majority of trials included postmenopausal women.  Only one trial 
included premenopausal women,216 and one trial included women who were recently 
postmenopausal.242  Only two trials included older men > 60 years.184,213  Thirteen trials included 
community-dwelling individuals.117,118,120,183,184,203,204,213,216,237,241-243 Two trials had populations 
of ambulatory elderly subjects living in either nursing homes or seniors’ apartments,180,181 and 
one trial included women living in homes or apartments for the elderly.119  Harwood included 
women living in the community who had sustained a hip fracture and were admitted to 
hospital.197  One trial enrolled postmenopausal African-American women.117   

Interventions.  The majority of the trials used oral vitamin D3, and two trials administered 
vitamin D2 (Table 13).120,197  Harwood also included an oral vitamin D3 arm.197  The daily dose 
of vitamin D3 ranged from 300 IU242 to 2,000 IU.117  Aloia et al. administered 800 IU vitamin D3 
for two years followed by 2,000 IU daily for one year.  Five trials used a dose of 800 IU vitamin 
D3,180,181,197,203,216 four trials used a daily dose less than 800 IU but greater than or equal to 400 
IU.118,119,183,184,204,213,241,243 One trial used 300 IU vitamin D3.242  Doses of vitamin D2 ranged 
from 10,000 IU orally per week120 to an annual injection of 300,000 IU.197 

Fourteen trials had treatment arms that combined vitamin D with 
calcium,117,118,180,181,183,183,184,197,204,213,237,241-243 and three trials administered vitamin D 
alone.119,203,216   

Daily calcium dosages ranged from 377 mg in one trial,183 500 mg in three trials118,184,213 
1,000 mg in four trials,120,237,241,243 to 1,200 mg or more in three trials.180,181,204 

Dietary vitamin D intake: nine trials estimated the mean baseline daily dietary vitamin D 
intake117,118,180,183,184,203,237,241,243 which ranged from 40 IU180 to  202 IU.184 (Table 13)

Comparators. Comparators included calcium in five trials,117,120,183,204 low dose vitamin D3 
(100 IU) plus calcium in one trial,118 and placebo in 11 trials.119,180,181,184,197,203,213,216,237,241-243 

Compliance.  Compliance with vitamin D was reported in eleven trials and the compliance 
rates (compliance defined as > 80% of supplementation taken) were over 80 percent in seven of 
the eleven trials.117-119,180,184,203,237  One  study reported an adherence score as ‘excellent’ but did 
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not provide a percentage score,204 and another reported a compliance rate (compliance defined as  
> 70% of supplementation taken) in 83-84%.181  Another study gave supplements in the presence 
of a nurse to ensure compliance but did not specifically report a rate.180 The WHI trial reported a 
rate of adherence (> 80% of assigned medication taken) of 60 – 63 percent in the first three years 
of followup and 59% at end of study.243    

Study quality.  The overall quality score on the Jadad scale ranged from 1 (lowest) to 5 
(highest).  Four trials received a score of  2.118,181,204,213  Thirteen trials received a score of  3 
consistent with high quality.117,119,120,180,183,184,197,203,216,237,241-243 Two trials adequately reported 
the allocation concealment.117,203 Fourteen trials reported losses to followup with seven reporting 
losses over 20 percent.119,180,181,184,197,204,237 

Type of analysis.  Six trials reported an intention-to-treat analysis.117,180,181,184,242,243 

25 (OH) D levels. Thirteen trials reported baseline serum 25(OH) D 
levels.117,119,120,180,181,184,197,203,204,213,216,237,242  Fifteen trials reported followup or change in 
25(OH)D levels.118-120,180,181,183,184,197,203,204,213,216,237,242  Of the fifteen trials reporting 25(OH)D, 
six used an RIA assay,117,120,197,203,213,216 one used a chemiluminescent immunoassay243 and eight 
studies used a CPBA (at least two184,204 of which were the Nichols Advantage Assay).   

Vitamin D-deficient populations.  Mean baseline 25(OH)D concentrations were  30 
nmol/L in three trials.180,197,237 Ooms reported median 25(OH)D of 27.0 and 25 nmol/L in 
treatment and placebo groups, respectively,119 and the mean 25(OH)D concentrations were just 
over 30 nmol/L in another trial.213   

BMD by region of interest. Fourteen trials assessed effect of vitamin D on lumbar spine 
BMD,117,118,120,183,184,197,203,204,213,216,237,241-243 twelve assessed femoral neck BMD,118-

120,180,181,184,197,213,237,241-243 five trials evaluated total hip BMD,117,197,203,204,243 eight assessed total 
body BMD,117,118,183,184,203,204,237,243 and five assessed a forearm site.117,119,120,180,241 

Ascertainment of BMD. BMD was assessed by DXA using Hologic machines in nine 
trials,117,180,181,197,203,204,213,216,243 Lunar technology in four trials,118,183,184,242 Norland in three 
trials,119,120,241 and either Lunar, Hologic or Norland in one trial.237 One trial used one of three 
densitometers, Lunar, Hologic or Norland and standardized the results.237   

 Individual trial results for lumbar spine, femoral neck and total body BMD are summarized 
in Table 13.  Three trials evaluated BMD in a subpopulation of the total trial population.180,181,243  

 

Data Synthesis 

Six trials did not provide data in a format that would permit pooling.197,203,213,216,237,243  One 
was a crossover trial,216 and one trial evaluated the effect of vitamin D3 on postmenopausal 
twins, in which one member of each twin pair was randomized to vitamin D3 and the other to 
placebo and intra-pair differences analyzed.203  In four trials, adequate data were not provided 
within the published paper.197,213,237,243 

In the twin pair (mean age 58.7 years) trial by Hunter et al., there was no significant 
difference in BMD at the lumbar spine with or without supplementation over a two year period 
and during that time, there was a mean one percent loss at the total hip.203 
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Patel (2001), in a two year crossover trial, evaluated whether vitamin D3 prevented seasonal 
changes in BMD in healthy women (mean age 47.2 years).216  Vitamin D3 had no overall effect 
on lumbar spine, femoral neck or total body BMD.  Treatment effect coefficients of lumbar spine 
BMD were not significantly different from zero in either the low (baseline serum 25(OH)D < 60 
nmol/L) or high vitamin D (baseline serum 25(OH)D > 80 nmol/L) groups.  The authors 
concluded that the women in this study were too replete to demonstrate seasonal changes in 
BMD and that vitamin D supplements did not have significant effect on BMD. 

In a two year trial, Meier (2004) evaluated the effect of six months of 500 IU of daily vitamin 
D3 plus 500 mg of calcium in healthy adults (male mean age 60.6 years and female mean age 
54.1 years) during the winter to determine if supplements prevented seasonal bone loss.  In the 
vitamin D3 and calcium treated subjects, the lumbar spine and femoral neck BMD increased in 
the second year compared to the first year, versus controls who continued to lose BMD.213 

In the Women’s Health Initiative trial (N = 36,282), a subgroup of 2,431 women from three 
of 40 centers had BMD measured (lumbar spine, total hip and total body).  Women were 
randomized to either vitamin D3 400 IU plus 1,000 mg of calcium daily or placebo.  Non-
significant differences in lumbar spine and total body BMD were reported, with results in favour 
of the vitamin D3 and calcium treated group.  The BMD at the total hip was 1.06 percent higher 
compared to the control group after an average of seven years of treatment (p<0.001).243   

Harwood et al. compared BMD changes of the lumbar spine and hip with  injectable vitamin 
D2 300,000 units (± calcium), vitamin D3 800 IU/day (± calcium) or no treatment in women who 
had sustained a hip fracture.  Differences in BMD for vitamin D treated versus control group 
ranged from 1.1 to 3.3 percent at femoral neck, 2.5 to 4.6 percent at the trochanter, and 2.1 to 4.6 
percent at the total hip, with greater effects seen with oral vitamin D3 plus calcium.197 

Grados (2003) compared vitamin D3 800 IU with calcium 1,000 mg per day in 192 elderly 
women in France.  All women had 25(OH)D concentrations below 30 nmol/L with mean 
concentrations of 18.25 nmol/L which increased to 56 nmol/L after treatment. After one year, 
there was a median increase of 2.98% at the lumbar spine in the treatment group versus -0.21 in 
placebo and a 1.19% increase at the femoral neck versus -0.83% in placebo group. There was a 
significant increase in BMD at the total body and the trochanter compared to placebo.190,237 

In a two year trial, Cooper evaluated the effect of oral 10,000 IU vitamin D2 weekly plus 
calcium 1,000 mg versus calcium alone, and did not find a significant difference in annual 
change of the lumbar spine, femoral neck or forearm BMD between the two groups.120 

For meta-analyses, given that calcium alone increases bone density, BMD results from 
similar sites and treatment durations were combined in the following groups: (1) vitamin D3 
alone, (2) vitamin D3 plus calcium versus placebo, and (3) vitamin D3 plus calcium versus 
calcium.  Due to variable reporting, and differences in treatment arms, quantitative pooling was 
limited. 

The combined results by BMD site are presented in Table 14.  Eleven trials provided data 
that allowed quantitative analysis.117-120,180,181,183,184,204,241,242   

Oral vitamin D3 plus calcium versus placebo.  Comparing vitamin D3 plus calcium to 
placebo, there were significant increases in BMD at the lumbar spine after one year with a 
combined estimate from two trials (N = 507) of 1.40 percent (95% CI 0.84, 1.97).184,237,241 
Significant increases at the femoral neck180,184,237,241 were observed with a combined estimate of 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

678	 DIETARY REFERENCE INTAKES FOR CALCIUM AND VITAMIN D

 

 
 

158 

1.37 percent (95% CI 0.24, 2.50) from three trials after one year.  The heterogeneity of treatment 
effect varied from low to moderate depending on the site (Table 14). 

Oral vitamin D3 versus placebo. The combined estimates of trials that evaluated BMD of 
the lumbar spine242 or forearm119 were not significant with vitamin D3 alone, although in both 
trials the dose of vitamin D3 was 300 or 400 IU daily.  In the trial by Ooms, there was a 
significant increase in femoral neck BMD with 400 IU vitamin D3 versus placebo over two 
years.119 

Oral vitamin D3 plus calcium versus calcium.  The combined results of trials, including the 
trial on African American women, that compared vitamin D3 plus calcium vs. calcium did not 
demonstrate a significant effect on BMD of the lumbar spine, total hip, forearm or total 
body.117,204  

Effect of baseline 25(OH)D concentrations and BMD response to vitamin D.  Four trials 
assessed the effect of baseline serum 25(OH)D and BMD response to either vitamin D3 or D2.117-

120  One trial had a population that was vitamin D deficient (median serum 25(OH)D 25-27 
nmol/L by CPBA) and reported that the effect of vitamin D3 on femoral neck BMD was 
independent of baseline 25(OH)D concentrations.119  The other studies, one of which included 
African American women, did not report an association between baseline serum 25(OH)D 
concentrations and changes in BMD.    

 

Summary.  Effect of Vitamin D supplementation on bone mineral density in women of 
reproductive age, postmenopausal women and older men 
Quantity:  Seventeen RCTs evaluated the effect of supplemental vitamin D2 or D3 on BMD, 
predominantly in populations of late menopausal women.  Only one small trial included pre-
menopausal women.  Most trials had small sample sizes, were two to three years in duration and 
used vitamin D doses of  800 IU daily.  Most trials used vitamin D3 and also included calcium 
> 500 mg as a co-intervention.   

Quality:  The Jadad quality score of the trials ranged from 1 to 5, with 13 of the 17 trials scoring 
 3/5.  Most trials did not adequately report whether allocation sequence was concealed. 

Consistency:  Combined results of trials of vitamin D3 plus calcium versus placebo were 
consistent with a small effect on lumbar spine, femoral neck and total body BMD. The WHI trial 
found a significant benefit of vitamin D3 400 IU plus 1,000 mg of calcium on total hip BMD. 
However, in combined trials of vitamin D3 plus calcium versus calcium, a significant increase in 
BMD was not observed, suggesting vitamin D3 may be of less benefit in calcium replete 
postmenopausal women. Vitamin D3 alone versus placebo did not show significant increases in 
BMD, except in one trial that noted an increase in femoral neck BMD. Only a few trials reported 
the impact of baseline serum 25(OH)D concentrations on BMD and in all of these trials, baseline 
25(OH)D was not associated with increased BMD. Overall, there is good evidence that vitamin 
D3 plus calcium results in small increases in BMD of the spine, total body, femoral neck and 
total hip. Based on included trials, it was less certain if vitamin D3 alone has a significant effect 
on BMD.  
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Table 14.  Combined Results of Effect of Vitamin D3 on BMD   

BMD site Comparison 
Duration, Sample size (N) 

WMD (95% CI), Heterogeneity I2

Vitamin D3 + Ca vs. placebo 
1 y - 2 trials (507) 
2 y - 1 trial  (197) 
3 y - 1 trial  (377) 

 
1.40 (0.84, 1.97), I2 = 0 
1.80 (0.70, 2.9) 
0.90 (0.06, 1.74) 

Lumbar spine 

Vitamin D3 + Ca vs. calcium 
1 y - 2 trials (263) 
3 y - 2 trials  (251) 

 
0.36 (-0.71, 1.43), I2 = 40 
-0.03 (-0.52, 0.45, I2 = 0 

Vitamin D3 vs. placebo 
2 y - 1 trial  (270) 

 
1.68 (0.13, 3.23)  

Vitamin D3 + Ca vs. placebo 
1 y - 3 trials  (625) 
2 y - 3 trials  (368) 
3 y - 1 trial  (386) 

 
1.37 (0.24, 2.50, I2 = 57 
1.31 (-0.34, 2.97), I2 = 33 
1.20 (0.22, 2.18) 

Femoral neck 

Vitamin D3 + Ca vs. calcium 
2 y -1 trial  (243) 

 
1.48 (0.50, 2.46) 

Total Hip Vitamin D3 + Ca vs. calcium 
3 y - 1 trial  (251) 

 
0.23 (-0.71,1.17) 

Vitamin D3 vs. placebo 
2 y - 1 trial  (241) 

 
0.06 (-3.74, 3.86) 

Vitamin D3 + Ca vs. placebo 
2 y - 1 trial  (197) 

 
0.58 (-0.44, 1.62) 

Forearm 

Vitamin D3 + Ca vs. calcium 
3 y - 1 trial  (208) 

 
-0.25 (-0.68, 0.18) 

Vitamin D3 + Ca vs. placebo 
1 y - 1 trials  (314) 
3 y - 1 trial  (377) 

 
0.60 (0.34, 0.87) 
1.15 (0.80,1.50) 

Total Body 

Vitamin D3 + Ca vs. calcium 
2 y - 2 trials  (289) 

 
0.11 (-0.26, 0.48) 
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Figure 6.  Forest Plot:  Effect of vitamin D3 + Calcium vs. Placebo on Femoral Neck BMD at 1 year  

 

 
Question 3B.  What is the Evidence Regarding the Effect of 

Supplemental Vitamin D on Fractures in Women of 
Reproductive Age and/or Postmenopausal Women and 

Elderly Men? 

 
Overview of Relevant RCTs 

Study characteristics. Fifteen randomized trials evaluated the effect of either vitamin D2 or 
D3 (combined with or without calcium) on incident fractures.  Thirteen trials were parallel design 
RCTs,180,181,184,197,210,218,231,242-247 and two were factorial trials.248,249  Duration ranged from one to 
seven years.  Table 15 provides trial characteristics. 

Thirteen trials randomized individual participants and the overall number of participants in 
the intervention arms was 32,092, with 32,491 participants in the control or placebo groups.  
Two trials randomized participants using a cluster design (cluster randomization refers to 
randomization by group, e.g., a residential unit).  The combined sample size of the two cluster 
randomized trials was 6,719 in the intervention groups and 4,071 in the control groups.247,249  
Porthouse et al. changed treatment allocation from unequal to equal during the trial so there are 
two entries for this study with different denominators: an equally randomized group (1:1 ratio) 
(study A) and an unequally randomized group (2:1 ratio in favor of the control) (study B).244   

Population characteristics.  Two trials were classified as secondary prevention trials as all 
participants had a history of fractures.197,248  Four other trials reported a baseline fracture 
prevalence that ranged from 10.7 to 26 percent.242-244,249 

Seven trials included only postmenopausal females,180,181,197,218,242-244 and eight trials included 
both older males and postmenopausal females.184,210,231,245-249  Of these eight trials, the 
percentage of females ranged from 25231 to 95 percent.246  There were no trials in women of 
reproductive age.   
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Nine trials included community-dwelling participants.184,218,231,242-245,248,249  One trial included 
community-dwelling participants living independently in apartments.210  Four trials included 
cohorts of participants living in residential homes.180,181,246,247  One trial was conducted with 
hospitalized participants who had been community-dwelling prior to admission.197 

Interventions.  Eleven RCTs allocated participants to oral vitamin D3 with dosages ranging 
from 300 to 800 IU/day.  Harwood allocated participants to either oral vitamin D3 arm or 
injectable vitamin D2 arms.197  Six trials used an oral dose of 800 IU vitamin D3 per 
day180,181,197,218,244,248 one trial administered 700 IU D3,184 and four trials a dosage of  400 IU 
vitamin D3 daily.210,242,243,249 

Two trials used daily oral vitamin D2 with dosages equivalent to 1,000 or 1,100 IU, 
respectively.246,247 

Two trials used an injectable preparation of either vitamin D2 or D3.  Harwood used a single 
dose of 300,000 IM vitamin D2

197 and another trial used an annual dose of 300,000 IU vitamin 
D3.245 

Calcium supplementation as a co-intervention ranged from 500 mg in two trials184,242 to 
1,000 mg in five trials197,243,244,248,249 to 1200 mg/day in three trials.180,181,218 

Porthouse et al. had high baseline levels of dietary calcium intake in both the intervention 
(1,075 mg) and control groups (1,084 mg), and provided all participants with information on 
dietary calcium and vitamin D.244  Jackson also had a high mean baseline intake of calcium in 
both intervention and control groups (1,150 mg).243 

Comparators. Seven trials compared oral or injectable vitamin D to placebo or 
control.197,210,231,243,245,247,248  Seven trials compared a combination of vitamin D plus calcium to 
placebo.180,184,197,243,244,248,249  Four trials compared vitamin D plus calcium versus calcium 
alone.218,242,246,248

Compliance.  Compliance with vitamin D was reported in eleven trials and was greater than 
80 percent in five trials.180,181,210,218,242  Compliance was less than 80 percent in six 
trials.184,231,243,243,244,248  In the three largest trials, the compliance ranged from 55 to 63 
percent.243,244,248

Study quality.  One trial had a quality score of 2/5 on the Jadad scale.181  Ten trials had a 
score of > 3/5,180,184,197,210,231,242,244-246,248 and of these, two trials had the maximum score of 
five.210,248 

Eight trials had losses to followup greater than 20 percent.180,181,184,197,210,231,246,248 

Two trials provided an adequate description of allocation concealment,210,248 and allocation 
concealment was unclear in the remaining trials. 

Type of analysis. Twelve trials reported an intention-to-treat analysis,180,181,184,210,231,242-

244,246-249 and in three trials, an efficacy analysis was conducted or the type of analysis was 
unclear.197,218,245 

Fracture outcomes.  Three RCTs provided data on vertebral fractures,231,243,248 twelve trials 
on non-vertebral fractures,180,181,184,197,210,218,231,242-244,247,248 and fourteen trials provided data on 
either total or hip fractures.180,181,184,197,210,218,231,242-244,246-249 
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Ascertainment of fractures.  Ascertainment of fractures varied with some trials using self-
report (± x-ray confirmation) or administrative data197,210,231,244,246,249 and other trials verifying 
fractures by x-rays.180,181,184,218,242,243,248  One trial used several sources including self-report, 
physician verification, and administrative databases.248 Vertebral fractures were ascertained only 
by questionnaire in one trial231  and confirmed by x-rays in two trials.243,248  

25(OH)D concentrations.  Eleven trials reported baseline 25(OH)D 
concentrations.180,181,184,197,210,218,242,243,247-249  In six trials, 25(OH) concentrations were measured 
in a sub-sample of the total trial population.181,242,243,247-249 

Vitamin D deficiency.  Mean baseline serum 25 (OH)D concentrations below 30 nmol/L 
were reported in five trials.180,197,210,218,242 

Eleven trials reported followup or change in mean 25(OH) D 
concentrations.180,181,184,197,210,218,231,242,247-249  Serum 25(OH)D concentrations were not reported 
in three trials.244-246 (See Table 16.) 

 

Quantitative Data Synthesis 

We conducted a meta-analysis of the 13 randomized trials that provided adequate data on 
fracture outcomes.  Two entries (Study A and B) from Porthouse et al. are presented since the 
allocation changed from unequal to equal during the trial.244 

Included in the meta-analysis is the Women’s Health Initiative (WHI, 2006) trial on calcium 
plus vitamin D3 (400 IU).  The WHI trial was the largest primary prevention trial and involved 
36,282 postmenopausal women (mean age of 62.4 years).  Women enrolled in the WHI HRT and 
dietary modification trials were invited to participate in the calcium and vitamin D trial.  A 
unique feature of this trial was that over 50 percent of women were current users of hormonal 
replacement therapy (HRT) and the rate of use of other osteoporosis medications was one 
percent.  In this trial, the overall risk reduction in hip fractures with vitamin D plus calcium was 
not significant compared to placebo (12 percent, 95% CI -8 to 28).  In subgroup analyses of 
women over age 60 years, and in women who were compliant, there was a significant reduction 
in hip fractures compared to placebo [> 60 years (21 percent, 95% CI 2-36); compliant women 
(29 percent, 95% CI 3-48)].243 

Total fractures. Combined results from 13 trials (N=58,712) that used either oral vitamin 
D3 or D2 +/- calcium versus calcium or placebo resulted in a non-significant reduction in total 
fractures [(OR 0.90, (95% CI 0.81, 1.02), p=0.09)] with a I2 of 48 consistent with moderate 
heterogeneity of treatment effect (Figure 7). 

Combined results from three trials (N=7,939) of vitamin D3 alone versus placebo were not 
consistent with a significant reduction in total fractures [(OR 0.98, 95% CI, 0.79-1.23), p=0.08, 
I2=61 consistent with high heterogeneity].210,231,248 

Combined results of three trials of vitamin D3 plus calcium versus calcium 
(N=2,997)218,242,248 resulted in a non-significant reduction in total fractures [(OR 0.92, 95% CI 
0.74-1.25), I2=10.2 percent]. 
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Combined results of seven trials of vitamin D3 plus calcium versus placebo 
(n=46,072)180,181,184,197,243,244,248 were consistent with a non-significant reduction in total fractures 
[OR 0.87, 95% CI 0.76-1.00, p=0.05, I2=43 percent] (Figure 8). 

Non-vertebral fractures.  Combined results from three trials (n=7,939)210,231,248 of vitamin 
D3 alone versus placebo were not consistent with a significant reduction in non-vertebral 
fractures [(OR, 0.99, 95% CI, 0.83-1.17), p = 0.89, I2 = 27.6 percent]. 

Combined results from seven trials (N = 46,074),180,181,184,197,243,244,248 of vitamin D3  plus 
calcium versus placebo were consistent with an OR of 0.87 (95% CI 0.75-1.00, p = 0.05), and a  
I2 of 44 percent. 

Hip fractures.  Combined results of three trials (N=7,939)210,231,248 of vitamin D3 versus 
placebo were not consistent with a significant reduction in hip fractures [OR 1.11, 95% CI 0.86- 
1.44, I2 = 0]. 

The combined results of three trials of vitamin D3 plus calcium versus calcium 
(N=2,997)218,242,248 were not consistent with a significant reduction in hip fractures [OR 0.91, 
95% CI 0.61- 1.36, I2 = 0]. 

Combined results from seven trials (n=46,072)180,181,184,197,243,244,248 of vitamin D3 plus 
calcium versus placebo were consistent with a non-significant effect, although the point estimate 
favoured vitamin D [OR 0.83, 95% CI 0.68-1.00, p=0.05, I2=16.2 percent] (Figure 8). 

Vertebral fractures.  The combined OR from three trials (n=44,260) with oral vitamin D2 or 
D3 (+/- calcium) versus placebo or calcium for vertebral fractures was 0.88  (95% CI 0.73- 1.07), 
I2=0.231,243,248  

Results of Trials not Included in the Quantitative Synthesis 

Larsen249 was a factorial cluster-randomized trial that did not appear to control for the effect 
of clustering in their per protocol analysis, so the results were not combined with the other trials. 

Larsen administered 400 IU vitamin D3 with 1,000 mg calcium daily versus placebo and 
reported a significant reduction in total fractures [RR 0.84 (95% CI 0.72, 0.98), p<0.025].  When 
results were presented by gender, females had a decreased fracture risk [RR 0.81 (95% CI 0.68-
0.95), p<0.01].249 

Andersen et al. administered an annual injection of 300,000 IU of vitamin D3 versus placebo 
and did not report a significant reduction in hip fractures [HR 1.48 (95% CI 1.01-2.17)] or for 
any fracture [HR 1.10 (95% CI 0.94-1.29), p = 0.23)].  The results were similar in both males 
and females.  Complete data were not provided.245 

 

Subgroup and Sensitivity Analyses 

To explore the heterogeneity of treatment effect we conducted subgroup analyses by: 
residential status (community-dwelling versus institutional), dosage, and 25(OH)D 
concentrations for the outcome of total fractures.  Combining the three trials of vitamin D2/D3 
plus calcium versus placebo or calcium in institutionalized populations180,181,246 resulted in a 
significant reduction in total fractures [OR 0.73 (95% CI 0.61-0.88), I2 = 0] versus a non-
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significant reduction when combining nine trials of community-dwelling participants [OR 0.95, 
(95% CI 0.86, 1.05) I2 = 23.4].184,197,210,218,231,242-244,248 

When exploring heterogeneity of the seven trials of vitamin D3 and calcium versus placebo 
by residence, the combined OR for two trials180,181 in elderly populations in institutions was 
significant [OR 0.69 (95% CI 0.53, 0.90), I2 = 0] (Figure 9). 

Subgroup analysis by dosage, (i.e., combining trials  800 IU of vitamin D versus those trials 
using < 800 IU/day) did not explain the heterogeneity of treatment effect. 

In sensitivity analyses, we explored the heterogeneity of treatment effect by combining: (1) 
trials with high versus low study quality, (2) trials with over 80 percent compliance versus those 
with less than 80 percent compliance, and (3) trials that adequately reported allocation 
concealment compared to trials in which allocation concealment was not reported or was unclear.  
None of these analyses had a significant impact on the heterogeneity of treatment effect. 

Effect of 25(OH)D concentrations on fracture risk. Eleven trials evaluated baseline serum 
25(OH)D concentrations and five trials had low baseline serum 25(OH)D concentrations (<30 
nmol/L).180,197,210,218,242  One trial that reported a significant reduction in fracture risk,181 had a 
mean baseline 25(OH)D concentration of 40 nmol/L. 

Followup serum 25(OH)D concentrations (  74 nmol/L) were reported in three trials that 
reported a significant reduction in total fractures.181,184,231 

Combining the results from four trials of vitamin D3
180,181,184,231 that had end of study 

25(OH)D concentrations of >74 nmol/L was consistent with a significant reduction in total 
fractures [OR 0.73 (95 % CI 0.63-0.85), I2 = 0] compared to a non-significant reduction when 
combining results of trials with end of study 25(OH)D concentrations of < 74 nmol/L. 

Publication bias.  An evaluation of publication bias, using the method by Begg et al.250 
suggested the possibility of bias, with a lack of smaller trials that failed to find an effect of 
vitamin D on fracture reduction. 
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Summary.  Effect of vitamin D supplementation on fractures in women of reproductive 
age, postmenopausal women and older men 
Quantity:  Fifteen trials examined the effect of either vitamin D2 or D3 alone or in combination 
with calcium on total, non-vertebral and hip fractures in postmenopausal women or older men.  
Few trials evaluated vertebral fractures.  Most trials used vitamin D3.  There were no trials 
identified in premenopausal women.   

Quality:  Ten individually randomized trials had quality scores of > 3 and eight trials reported 
high losses to followup. 

Consistency: Combining the results from 13 randomized trials of vitamin D2/D3 +/- calcium 
resulted in a non-significant reduction in total fractures that persisted when only trials of higher 
quality were combined.  When combining seven trials of vitamin D3 (400-800 IU) plus calcium, 
there was a reduction in the risk of total and hip fractures. However,  in a subgroup analysis, this 
benefit was only evident when combining trials of institutionalized elderly subjects.  One 
possible explanation is that the mean serum 25(OH)D level achieved in trials of institutionalized 
participants was higher than in the trials on community dwellers, and provided a greater level of 
vitamin D repletion.  The combined estimate from trials with higher end-of-study serum 
25(OH)D concentrations (> 74 nmol/L) was consistent with a significant reduction in fractures. 
This needs to be interpreted with caution given the variability in the 25(OH)D assays and 
incomplete assessment of vitamin D status in the fracture trials. 

The evidence for vitamin D3 plus calcium supplementation in community-dwelling individuals is 
less strong although one trial found a significant fracture reduction in community-dwelling older 
men and women, and in a subgroup analysis from the WHI trial, there was a reduction in hip 
fractures in women over age 60 years.  Vitamin D3 combined with calcium is effective in 
reducing fractures in institutionalized populations.   
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Figure 7.  Forest Plot Comparing Risk of Total Fractures with Vitamin D2 or D3 +/- Calcium vs. Placebo or Calcium  

Figure 8. Forest plot Comparing the Risk of Total Fractures with Vitamin D3 Combined with Calcium vs. Placebo 
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Figure 9.  Forest Plot Comparing Risk of Hip Fractures with Vitamin D3 +/- Calcium vs. Placebo by Setting 
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Table 15.  OR (95% CI) for Total Fractures from Individual RCTs of Vitamin D 

Author (year) Duration 
(year)

Sample
Size, N 

Vitamin D 
(IU/day) 

F/Up
25(OH)D
Assay 

Mean 
Baseline 
25(OH)D
nmol/L

IG

End of 
trial

25(OH)D
nmol/L 

IG

OR  (95% 
CI)

Jadad 
Score+

Chapuy 
(2002)180 

2 583 800D3 + 
1200 mg Ca 

CPBA 22 75 (graph) 0.79 (0.54, 
1.17) 

3 
 

 
Chapuy 

(1992)181 
1.5 3270 800D3 + 

1200 mg Ca 
CPBA 40 105 0.72 (0.58, 

0.90) 
2 
 
 

Lips (1996)210 4 2578 400 D3 CPBA 27 62  1.12 (0.86, 
1.44) 

5 
 
 

Dawson-
Hughes 

(1997)184 

3 389 700 D3 + 500 
mg Ca 

CPBA 82.7 M, 
67.5 F 

112 0.42 (0.20, 
0.88) 

4 
 
 

Law (2006)247 1 3717 1,100 D2 IA 
 

59  77 1.4 (0.9,2.0) 2 
 
 

Pfeifer 
(2000)218 

1 148 800D3 + 
1200 mg Ca 

RIA 25.6 66.1 0.48 (0.12, 
1.99) 

3 
 

 
Komulainen 

(1998)242 
5 232 300 D3 + 500 

mg Ca 
CPBA 28.6 37.5 0.71 (0.31, 

1.61) 
3 
 
 

Grant (2005)248 5 5292 800 D3 ± 
1000 mg 

HPLC* 39 62.2 1.02 (0.84, 
1.22) 

5 
 
 

Flicker 
(2005)246 

2 625 1,100 D2 
1,000 mg Ca 

RIA NR NR 0.69 (0.4, 1.18) 4 
 
 

Jackson 
(2006)243 

7 36,282 400 D3 + 
1000 mg Ca 

RIA* 46 NR 0.97( 0.91, 
1.03) 

4 
 
 

Porthouse 
(2005)244 

2 3314 800 D3 + 
1000 mg Ca 

- - - 0.96 (0.65, 
1.46) 

Unequal 
 

1.09 (0.60, 
1.96) Equal

3 
 

Trivedi 
(2003)231  

5 2686 100,000 D3 q 
4 mo 

RIA** NR 74.3  0.78 (0.60, 
1.00) 

3 
 
 

Harwood 
(2004)197  

1 150 800 D3 + 
1000 mg Ca 

RIA (28-30) (40-50) 0.58 (0.13, 
2.64) 

3 
 
 

 

 
Note: *subsample of total group; **assay obtained from author; +allocation concealment was unclear for all trials 
except Grant 2005248 (adequate), Dawson-Hughes 1997251 (adequate) and Lips 1996210 (adequate). 
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Question 3C.  What is the Evidence Regarding the Effect of 
Supplemental Vitamin D on Falls in Postmenopausal Women 

and Elderly Men? 

 
Overview of Relevant RCTs 

Study characteristics. A total of 14 trials in 16 published reports evaluated the effect of 
vitamin D on falls and of these, 12 were RCTs with a parallel 
design,114,115,180,184,185,197,218,231,244,246,247,252 and four used a factorial design.208,248,249,253 

Three trials used cluster randomization247,249,253 and the remaining trials randomized by 
individual patient.114,115,180,184,185,197,208,218,231,244,246,248,252  Porthouse et al. randomized patients in 
an equally randomized group in a 1:1 ratio (referred to as "study A") as well as, an unequally 
randomized group in a 2:1 ratio in favor of the control group (referred to as "study B").244 

Bischoff-Ferrari et al. (2006)185 was identified as the companion paper to the primary 
publication Dawson-Hughes et al. (1997)184 and Larsen et al.(2005)253 was identified as 
companion paper to Larsen et al. (2004).249 We refer to the primary publications of each trial 
when discussing the results.  Table 16 summarizes characteristics of the included trials.   

Within the 12 RCTs, a total of 5,445 participants received the intervention and 5,212 
received the control or placebo.114,115,180,184,197,208,218,231,244,246,248,252 In the two cluster randomized 
trials, 6,719 participants received the intervention and 6,603 received control.247,249 

Population characteristics.  A total of six trials included postmenopausal women only (i.e., 
greater than or equal to 95 percent of the participants were female)114,180,197,218,244,246 whereas the 
remaining eight trials included a combination of postmenopausal women and elderly 
men.115,184,208,231,247-249,252 

Seven trials included community-dwelling residents115,184,218,231,244,248,249 and seven included 
participants who lived in residences with varied levels of assisted care.114,180,197,208,246,247,252 

Interventions.  Eleven trials used oral vitamin D3,114,180,184,197,208,218,231,244,248,249,252 two trials 
used oral vitamin D2,246,247 and two used a single intramuscular injection of vitamin D2.115,197 

Six trials had an intervention arm of oral vitamin D plus calcium,180,184,197,244,246,248 and 
Harwood et al. had an injectable D2 treatment arm with and without calcium.197 

Comparators.  Seven trials compared vitamin D with placebo or control,115,197,208,231,247,248,252 
and one trial compared vitamin D with calcium.248  Of the trials that used a combination of 
vitamin D plus calcium, the comparator was placebo in five trials180,184,197,244,248 and calcium in 
four trials.114,218,246,248 

Compliance.  Ten of the 14 trials reported the compliance rate with taking vitamin 
D.114,115,180,184,208,218,231,244,246,248  The method of assessment varied from direct observation by a 
study nurse,114,115,180,208 self-report questionnaires,231,244,248 to pill counts.184,218,246  In six of the 
ten trials, compliance rates were over 80 percent,114,115,180,184,208,218 and less than 80 percent in the 
four other trials.231,244,246,248  In the three largest trials, the compliance rates were 55,244 63,248 and 
76231 percent, respectively. 
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Study quality.  Eleven of 12 RCTs had a quality score of three or more on the Jadad 
scale.114,115,180,184,197,208,218,231,244,246,248The two factorial-designed trials received 1/5 and 2/5 on 
the Jadad scales, respectively.247,249 Seven trials reported losses to followup of over 20 
percent114,180,184,197,231,246,248  Two trials provided an adequate description of allocation 
concealment,208,248 and in all other trials, the description of allocation concealment was 
unclear.114,115,180,184,197,218,231,244,246,252 

Type of analysis. Ten trials reported an intention-to-treat analysis,114,115,180,184,231,244,246-249 
whereas four trials used an available case analysis in which the data were analyzed for every 
participant in whom the outcome of falls was obtained.197,208,218,252 

Fall outcomes. Thirteen RCTs reported the number of individuals with 
falls,114,115,180,184,197,208,218,231,246-249,252 and the data was provided by the authors for one trial.244 

Definition of falls. Seven trials included a definition for falls, all of which were a variation 
on “unintentionally coming to rest at a lower level or on the ground.”114,115,184,218,246,249,252 

Ascertainment of falls.  Different methods were used to ascertain the number of individuals 
with falls, and these included the use of postcards with followup visits,184 
questionnaires,218,231,244,248 fall diaries with/without followup visits,115,208,246,252 followup visits 
only,180,197 hospital contacts,249 and record keeping by geriatric care staff.114,247 

25(OH)D levels. Ten out of the 14 trials reported baseline 25(OH) D 
levels,114,115,180,184,197,208,218,247-249 seven trials reported the end of study 25(OH)D 
values114,115,197,231,247-249and two reported the change in 25(OH)D from baseline.208,218  Three 
trials evaluated baseline and followup 25(OH) D levels in a sub-sample only.247-249  For vitamin 
D assay, baseline and end of study 25(OH)D levels (intervention group only) in the included 
trials refer to Table 16. 

 

Quantitative Data Synthesis 

Meta-analyses were conducted using data from the 12 RCTs to explore the effect of 
oral/injectable vitamin D with/without calcium on the risk of 
falls.114,115,180,184,197,208,218,231,244,246,248,252  Data from the two cluster randomized trials247,249were 
not included in the quantitative analyses with trials that randomized individual patients.  Refer to 
Tables 16 and 17 for a summary of the results. 

Oral vitamin D alone. Combined data from four trials (N = 5,958) of oral vitamin D3 versus 
placebo did not demonstrate a statistically significant reduction in the risk of falls [OR 1.03 (95% 
CI 0.91-1.17), heterogeneity I2 = 0 percent).208,231,248,252 

Only one trial looked at the effect of oral vitamin D3 versus calcium (N = 2,654), and the 
results did not demonstrate a statistically significant reduction in falls [OR 1.19 (95% CI 0.96 – 
1.47)].248 

Combined data from four trials (N = 7269) of oral vitamin D3 versus placebo or calcium did 
not demonstrate a significant reduction in the risk of falls [OR 1.05 (95% CI 0.93-1.19), 
heterogeneity I2 = 0 percent).208,231,248,252 
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Oral vitamin D with calcium.  Combined data from five trials (N = 7,056) of oral vitamin 
D3 with calcium versus placebo showed a statistically significant reduction in the risk of falls 
[OR 0.85 (95% CI 0.76-0.96), heterogeneity I2 = 0 percent].180,184,197,244,248 

Combined data from four trials (N = 3,512) of oral vitamin D2/D3 with calcium versus 
calcium demonstrated a significant reduction in the fall risk [OR 0.81 (95% CI 0.68-0.97), 
heterogeneity I2 = 0 percent].114,218,246,248 

Combined data from eight trials (N = 9,262) of oral vitamin D2/D3 with calcium versus 
placebo or calcium demonstrated a significant reduction in the risk of falls [OR 0.84 (95% CI 
0.76-0.93), heterogeneity I2 = 0 percent].114,180,184,197,218,244,246,248  Refer to Figure 10 for forest 
plot. 

Oral vitamin D with or without calcium.  Combined data from 11 trials (N = 13,888) of 
oral vitamin D2/D3 with and without calcium versus placebo or calcium did not demonstrate a 
significant reduction in the risk of falls [OR 0.92 (95% CI 0.85-1.00), heterogeneity I2 = 0 
percent).114,180,184,197,208,218,231,244,246,248,252 

Injectable vitamin D. Combined data from two trials (N = 214) of injectable vitamin D2 
versus placebo did not show a statistically significant reduced fall risk [OR 0.31 (95% CI 0.04–
2.12)].  However, heterogeneity of the treatment effect was high (I2 = 78.4 percent).115,197  
Possible explanations include differences in the study populations (elderly women post-hip 
fracture versus ambulatory elderly men and women with unreported fall histories) and dose of 
the vitamin D2 injection (300,000 IU versus 600,000 IU of vitamin D2). 

A small trial (N = 73) of injectable D2 with calcium versus placebo did not demonstrate a 
significant reduction in the risk of falls in the treatment group [OR 0.37 (95% CI 0.12-1.12)].197 

Combined data from two trials (N = 250) of injectable vitamin D2 with or without calcium 
versus placebo did not show a statistically significant reduction in falls [OR 0.42 (95% CI 0.13-
1.33)].  However, heterogeneity of the treatment effect was high (I2 = 67.6 percent).115,197  See 
above for possible explanations. 

There were no trials that compared the effects of injectable vitamin D with or without 
calcium to calcium alone.

Oral or injectable vitamin D with or without calcium.  Combined data from nine trials (N 
= 11,895) of vitamin D2/D3 (oral or injectable) with or without calcium versus placebo did not 
demonstrate a significant reduction in the risk of falls [OR 0.91 (95% CI 0.81-1.01), 
heterogeneity I2 = 24.4 percent].115,180,184,197,208,231,244,248,252 

Combined data from four trials (N = 4,855) of vitamin D2/D3 (oral or injectable) with and 
without calcium versus calcium also did not demonstrate a significant reduction in the risk of 
falls [OR 0.88 (95% CI 0.70-1.10), heterogeneity I2 = 28.8 percent).114,218,246,248 

Combined data from all 12 trials (N = 14,101) of vitamin D2/D3 (oral or injectable) with and 
without calcium versus placebo or calcium demonstrated a borderline significant reduction in fall 
risk [OR 0.89 (95% CI 0.80-0.99), heterogeneity I2 = 23.2 percent) (refer to Figure 
11).114,115,180,184,197,208,218,231,244,246,248,252  

Publication bias. A funnel plot (OR versus precision [1/standard error]) of the 12 RCTs 
that investigated the effect of oral or injectable vitamin D with/without calcium versus placebo or 
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calcium on fall incidence indicates possible asymmetry that was confirmed statistically (intercept 
0.27 (90% CI 0.19 to 0.35), p = 0.0001), suggesting the possibility of bias although other 
potential causes of asymmetry exist (Figure 12).  

We conducted separate subgroup and sensitivity analyses to ascertain whether the ‘overall’ 
treatment effect observed in our earlier analyses was influenced by various clinical or 
methodological characteristics respectively. 

 

Subgroup and Sensitivity Analyses 

Subgroup analyses were conducted as follows: (1) dose of vitamin D (less than or   800 
IU/day; (2) setting (community-dwelling versus institutional participants); (3) study duration (  
versus > one year, and; (4) gender (postmenopausal women versus a mixed population).  The 
sensitivity analyses included: (1) ascertainment of falls (adequate definition and method of 
ascertainment versus inadequate or not reported); (2) compliance (less than versus greater than 
80 percent); (3) allocation concealment (adequate versus unclear) and; (4) loss to followup (less 
than versus greater than 20 percent).

Combining six trials (N = 4,942) that included postmenopausal women only demonstrated a 
significant reduction in falls [OR 0.80 (95% CI 0.66-0.98)].  However, the heterogeneity of 
treatment effect was moderate (I2 = 44.8 percent) (Figure 13).114,180,197,218,244,246  However, 
combining trials by dose, setting and study duration did not demonstrate a significant reduction 
in falls. 

For the sensitivity analyses, combining results from ten RCTs (N = 8,566) in which the 
allocation concealment was unclear demonstrated a significant reduction in falls [OR 0.85 (95% 
CI 0.76-0.96), heterogeneity I2 = 23.2 percent] ((Figure 14).114,115,180,184,197,218,231,244,246,252  Lastly, 
combining the six RCTs (N = 1,833) in which falls and ascertainment were adequately defined 
demonstrated a significant reduction in falls [OR 0.79 (95% CI 0.65-0.96), heterogeneity I2 = 0 
percent].114,115,184,218,246,252 

Results of Trials not Included in the Quantitative Synthesis 

Both Larsen et al.249 and Law et al.247 were not included in the meta-analysis as they were 
cluster randomized trials.  Larsen et al. compared 400 IU vitamin D3 plus 1,000 mg calcium 
carbonate daily to placebo and a multivariate analysis, including age, marital status and 
intervention program, demonstrated a 12 percent reduction in fall risk in those females who 
followed the calcium plus vitamin D program (RR 88, 95% CI 0.79-0.98).  However, the effect 
of clustering was not controlled for in their analysis.249  Law et al. compared 100,000 IU of 
vitamin D2 every three months (equivalent to 1,100 IU daily) and did not find a significant 
reduction in fall risk in elderly people in care homes after adjusting for age, sex, length of time in 
trial and the cluster randomization of the trial (RR 1.09, 95% CI 0.95-1.25).247 
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Do Benefits of Vitamin D Supplementation on Falls Vary with Baseline 
Serum 25(OH)D Levels? 

We were not able to quantitatively analyze if the effect of vitamin D supplementation on fall 
risk varies with baseline 25(OH)D levels as only four out of the 14 trials reported adequate 
data115,180,197,218  Three of the trials evaluated the effect of oral vitamin D3 (800 IU/day) and 
calcium,180,197,218 and two evaluated the effect of vitamin D2 in a single injection (300,000 IU or 
600,000 IU) with/without calcium on falls.115,197  The 25(OH)D assays used were either 
RIA115,197,218 or CPBA.180 Differences in the type of vitamin D administered (D2 versus D3), 
route of administration (oral versus injectable), vitamin D dosage and 25(OH)D assays used in 
these four trials limit a direct comparison.  Refer to Table 16 for baseline 25(OH)D levels, the 
assays used and OR (95% CI) of the trials.  

Summary.  The effect of vitamin D supplementation on falls in postmenopausal women and 
older men. 
Quantity: Combined results from 12 RCTs (N = 14,101) demonstrated a small reduction in falls 
with vitamin D2/D3 (oral or injectable) +/- calcium (OR 0.89, 95% CI 0.80-0.99) with the 
individual treatment effects ranging from OR 0.28 (95% CI 0.12-0.67) to 1.16 (95% CI 0.70-
1.92).  In the two cluster randomized trials, one demonstrated a significant fall reduction in 
postmenopausal women taking vitamin D3 plus calcium (RR 0.88, 95% CI 0.79-0.98) whereas 
the other trial did not show a reduction in falls in elderly individuals taking vitamin D2 (RR 1.09, 
95% CI 0.95-1.25). 

Quality:  Mean quality score (Jadad) for the 12 RCTs was 3.5/5 (range 2-5/5) with 11 of 12 
trials obtaining a quality score of > 3.   In addition, two cluster randomization trials of factorial 
design were of low quality. Only two trials provided an adequate description of allocation 
concealment and seven had losses to followup > 20 percent.  For the two cluster randomized 
trials, only one controlled for the effect of clustering. 

Consistency:  The results from trials examining the effect of supplemental vitamin D on falls is 
consistent with 12 of the 14 trials demonstrating a non-significant reduction in falls.  However, 
when combining RCTs there is inconsistent evidence regarding the effect of supplemental 
vitamin D on falls.  The combination of 12 trials of either oral or injectable vitamin D2/D3 (+/-) 
calcium did demonstrate a small reduction in fall risk.  Combination of eight RCTs of oral 
vitamin D2/D3 supplementation with calcium showed a reduction in fall risk, whereas four RCTs 
of oral vitamin D3 alone did not.  Subgroup analyses showed a significant reduction in falls upon 
combining trials of postmenopausal women only.  Sensitivity analyses showed a significant 
reduction in falls when combining (1) RCTs that explicitly defined falls and the method of fall 
ascertainment and (2) those in which the allocation concealment was unclear.  However, 
combining trials by degree of compliance and loss to followup did not. 

Overall:  There is inconsistent evidence that supplemental vitamin D reduces falls in 
postmenopausal women and older men.  
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Table 16.  OR (95% CI) from Individual RCTs Included in the Meta-Analysis on the Effects of 
Vitamin D on Fall Risk

Author 
(year)

Duration 
(year)

Sample
size

Vit D Dose 
(IU/d),
Type 

Serum
25(OH)D
Assay 

Baseline 
25 (OH)D 
(nmol/L)

mean (SD) 
IG

End of 
Study 

25(OH)D
(nmol/L)

Mean (SD) 
in IG 

OR
(95% CI) 

Jadad 
Score

Oral Vitamin D 
Bischoff 
(2003)114 

 

0.25  122 800 D3 + 
1,200 mg 

Ca 

RIA Median 
30.75+ 

Median 
65.5 + 

0.68  
(0.30, 
1.53) 

3 

Chapuy 
(2002)180 

2  583 800 D3 + 
1,200 mg 

Ca 

CPBA 21.87+ 75+,‡ 1.08  
(0.75, 
1.54) 

3 

Dawson-
Hughes 
(1997)184 

Companion: 
Bischoff-Ferrari 
2006185 

3  445 700 IU/d D3 
+ 500 mg 

Ca 

CPBA men: 82.75 
(35.25); 
women: 

67.5 
(32.25)+ (all 

groups) 

- 0.79  
(0.54, 
1.14) 

4 

Flicker 
(2005)246 

2 625 1,000 D2 + 
600 mg Ca 

RIA - - 0.82 
(0.59, 
1.12) 

4 

Graafman 
(1996)252 

0.6  354 400 D3 - - - 0.91  
(0.59, 
1.40) 

2 

Grant (2005)248 5  5,292 800 D3 HPLC 25(OH)D3: 
*38.0 

(16.25) (all 
groups) 

Mean 
change 

25(OH)D3:  

*24.75 
(21.75)+ (all 

groups) 

0.99  
(0.85, 
1.16) 

5 

Latham 
(2003)208 

0.5  243 300,000 D3 
(single 
dose) 

RIA Median: 
 37.5+ 

Median 
change:  

22.5+ 

1.16  
(0.70, 
1.92) 

5 

Trivedi 
(2003)231 

5  2,686 833 D3 
(100,000 / 

4 mos) 

- - 74.3 (20.7) 0.96  
(0.79, 
1.17) 

3 

Pfeifer 
(2000)218 

1 148 800 D3 + 
1200 mg 

Ca 

RIA 25.65 
(13.63) 

66 0.51  
(0.22, 
1.15) 

3 
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Table 16 (continued).  OR (95% CI) from Individual RCTs Included in the Meta-Analysis on the 
Effects of Vitamin D on Fall Risk    

Author 
(year)

Duration 
(year)

Sample
size

Vit D Dose 
(IU/d),
Type 

Serum
25(OH)D
Assay 

Baseline 
25 (OH)D 
(nmol/L)

mean (SD) 
IG

End of 
Study 

25(OH)D
(nmol/L)

Mean (SD) 
in IG 

OR
(95% CI) 

Jadad 
Score

Porthouse 
2005)244 
Study A (1:1) 

2 1,209 800 D3 + 
1000 mg 

Ca 

- - - 0.77  
(0.60, 
1.00) 

3 

Porthouse 
2005244 
Study B (2:1) 

2 2,105 800 D3 + 
1000 mg 

Ca 

- - - 0.92  
(0.75, 
1.13) 

3 

Injectable Vitamin D 
Dhesi (2004)115 0.5 139 600,000 D2 

(single 
injection) 

RIA 26.75+ 43.75+ 0.73 (0.31, 
1.75) 

5 

Oral and Injectable Vitamin D 
Harwood 
(2004)197 

1 150 800 D3 + 
1000 mg 
Ca (IG1), 

300,000 D2 
single 

injection 
(IG2) and 

300,000 D2 
single 

injection + 
1000 mg 
Ca (IG3) 

RIA IG1 29 
IG2 28 
IG3 30 

IG1 50 
IG2 40 
IG3 44 

0.28 (0.12, 
0.67) 

3 

Note: *25(OH)D levels measured in subgroup only; +values transformed to SI units, ‡values derived from graph; pts – 
participants 

Table 17.  OR (95% CI) from Combined RCTs Included in the Meta-Analysis on the Effects of 
Vitamin D on Fall Risk.

Combined RCTs OR, 95% CI 

Oral vitamin D vs. placebo or calcium (4 trials, N = 7269) 1.05 (0.93-1.19) 

Oral vitamin D + calcium vs. placebo or calcium (8 trials, N = 9,262) 0.84 (0.76-0.93) 

Oral vitamin D (+/- calcium) vs. placebo or calcium (11 trials, N = 13,888) 0.92 (0.85-1.00) 

Injectable vitamin D (+/- calcium) vs. placebo (2 trials, N = 250) 0.42 (0.13, 1.33),  
I2 = 67.6% 

Overall Effect:  Oral or injectable vitamin D (+/-calcium) vs. placebo or calcium, 
(12 trials, N = 14,101)

0.89 (0.80-0.99) 
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Figure 10.  Forest Plot Comparing the Risk of Falls Between Vitamin D2/D3 with Calcium vs. Controls (placebo or 
calcium)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11.  Forest Plot Comparing the Risk of Falls Between Oral or Injectable Vitamin D2/D3 with/without Calcium vs. 
Controls (placebo or calcium). 
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Figure 13.  Forest Plot of Comparing the Risk of Falls between Oral or Injectable Vitamin D2/D3 with/without Calcium vs. 
Controls (placebo or calcium) Grouped by Study Population i.e. Gender 
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Figure 14.  Forest Plot of Comparing the Risk of Falls between Oral or Injectable Vitamin D2/D3 with/without Calcium vs. 
Controls (placebo or calcium) Grouped by Reports of Allocation Concealment 

 

 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

704	 DIETARY REFERENCE INTAKES FOR CALCIUM AND VITAMIN D

184 

Question 4.  Is There a Level of Sunlight Exposure (Time of 
Year, Latitude, BMI, the Amount of Skin Exposed) That is 

Sufficient to Maintain Adequate Vitamin D Concentrations, 
But Does Not Increase the Risk of Non-Melanoma or 

Melanoma Skin Cancer? 

We did not identify any existing systematic reviews with our search of the vitamin D 
literature that addressed this question.  Our search strategy may not have identified studies in the 
dermatology or photobiology literature that evaluated the effect of solar UV-B exposure in terms 
of a minimal erythemal dose and the risk of skin cancer.   

A minimal erythemal dose (MED) is the amount of sun exposure required to produce a faint 
redness of the skin.254,255  Holick has stated that whole body exposure of healthy young and 
middle-aged adults to a single MED of simulated sunlight (equivalent to mid-day sun during 
summer at 41 degrees north) raised serum 25(OH)D to levels comparable to the oral ingestion of 
10,000 to 25,000 IU of vitamin D3.255  Therefore, exposing the arms, face and hands (15 percent 
of the body surface) to 1 MED is estimated to produce the equivalent of 1,500 – 3,750 IU of 
vitamin D.  Exposure of arms, face and hands to 1/6 to 1/3 MED should be adequate to produce 
doses in the range of current vitamin D adequate reference intakes.  The amount of sun exposure 
that is needed to generate 1/3 MED will vary depending on external factors such as latitude, 
season, time of day, ozone amount, cloud amount, aerosol and reflectivity of the surface.256  It 
will also depend on individual factors such as skin type and age, with exposure times three to 
four times longer in individuals with highly pigmented skin.257,258   

Beadle has also estimated epidermal vitamin D production in response to sun exposure.259  
Of note, there is a limit to the amount of previtamin D3 that forms in skin with prolonged solar 
exposure as previtamin D3 can be photoisomerised further into inert isomers or back to 7- 
dehydrocholesterol (7-DHC).256   

In an ecological study in Australia and New Zealand, data from the Global Solar UV Index, 
was used to convert daily Ultraviolet Index (UVI) data into sun exposure times.  Unprotected sun 
exposure times (by location, month and time) that will produce 1/6 to 1/3 MED were developed 
for adults with moderately fair skin with exposure of 15 percent of body surface.260,261 The 
authors stated that it is impractical to prescribe a uniform message to the general population 
given the number of variables that need to be taken into consideration (e.g., latitude, skin 
pigmentation).261 

The relation of a biological effect arising from UV radiation can be described by its 
wavelength dependence or action spectrum.  The action spectrum of vitamin D synthesis in the 
skin is similar although not equivalent to the erythemal action spectrum.262,263  There are several 
action spectra that can be used for vitamin D (e.g., the 7-DHC absorption spectrum, the D-
dosimeter action spectrum and the action spectrum for conversion of 7-DHC to previtamin 
D3).262,264,265 In a recently published model, a vitamin D3 effective UV dose (corresponding to an 
oral dose of approximately 1000 IU) was calculated, using the action spectrum for previtamin D3 
synthesis, for different skin pigmentation types (Fitzpatrick I – VI skin types with skin of type VI 
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being dark skinned and the least sensitive to UV radiation).262  The model reference condition 
was Boston (mid-day, March 21, 42.2 degrees N, and total ozone approximating that defined in 
the U.S.standard atmosphere).  The study took into account factors such as variable atmospheric 
and surface conditions, time of day, percent body exposure and dietary vitamin D intake.  A 
changing erythema risk:vitamin D3 benefit ratio of sun exposure was identified as a function of 
solar elevation angle (i.e., latitude and season) with the least margin between adequate exposure 
for vitamin D3 synthesis and risk of sunburn at the low solar elevation angles that are common at 
high lattitudes.262  

Another recent study263 has investigated the seasonal dependence of vitamin D UV levels 
relative to erythemal levels in the U.S., using calibrated high accuracy instruments. During eight 
months of the year (March-October) for all sites (18 N to 44  N), there was no measured latitude 
gradient of vitamin D UV even at the highest latitude, in contrast to a previous study.266 At lower 
latitudes (< 25  N), wintertime vitamin UV D levels were equal to summertime levels.263   

Erythema may also represent a different endpoint than DNA damage i.e., an erythemal dose 
may be unrelated to the extent of DNA damage or individual susceptibility to DNA damage may 
vary.  A direct quantitative relation between erythema and DNA damage has not been firmly 
established.267 

Epidemiologic and experimental preclinical evidence exists that the three commonest types 
of skin cancer (cutaneous malignant melanoma, squamous cell carcinoma, and basal cell 
carcinoma) are caused by sun exposure.268   The relation of skin cancer to UV exposure differs 
depending on the type of cancer.  For example, cumulative or chronic sun exposure appears to 
increase the risk of squamous cell carcinoma whereas risk of cutaneous malignant melanoma 
(CMM) and basal cell carcinoma appear to be related more to intermittent UV exposure, 
particularly early in life.269 The relation of CMM to sun exposure is complex, and only recently 
has it been possible to experimentally identify an action spectrum for melanoma.270 The effect of 
UV exposure and vitamin D photosynthesis on CMM may also be complex as melanoma cells 
can express vitamin D receptors and vitamin D metabolites may have a growth regulatory 
role.271,272  
 

Question 5.  Does Intake of Vitamin D, Above Current 
Reference Intakes, Lead to Toxicity? 

 
Overview of Relevant Studies 

Potential consequences of vitamin D toxicity include hypercalcemia, renal stones and soft 
tissue and vascular calcification.  Clinical symptoms associated with hypercalcemia include 
nausea, vomiting, increased thirst and depression.  Serum concentrations of 25(OH)D above 220 
nmol/L have been associated with hypercalcemia.273  Hypercalciuria can be associated with 
vitamin D toxicity and may contribute to the development of nephrolithiasis, although other 
factors such as low urinary citrate and hyperoxaluria also predispose to renal stones.234 

Randomized trials that reported safety outcomes by intervention group were included in this 
section of the report.   

Study characteristics.  A total of 22 randomized controlled trials (RCTs) (in 23 published 
reports) reported if vitamin D supplementation resulted in toxicity.77,105,112-
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114,117,118,178,180,181,184,191,197,202,207,209,212,233,234,236,243,248  Twenty-one were parallel design 
RCTs,77,105,112-114,117,118,178,180,181,184,191,197,202,207,209,212,233,234,236,243 and one RCT used a factorial 
design.248  Two publications reported the results of more than one study in each record.233,236 The 
Vieth publication (2004) included two trials and we refer to each as Study A and Study B 
respectively.233  Zeghoud et al. included two studies, only one of which was an RCT.236  Study 
characteristics are summarized in Table 18. 

Population characteristics.  Within the 22 included RCTs, there were a total of 47,802 
subjects.  Only two trials243,248 had large sample sizes, with the majority of remaining studies 
having sample sizes of less than 100 participants.  There were a total of 25,562 participants 
within the intervention group and 22,240 participants within a comparator, control, or placebo 
group.  Seven of the 22 trials included both males and females,77,112,184,209,233,234,248 thirteen 
included only females,105,114,117,118,178,180,181,191,197,202,207,212,243 one included only males,113 and one 
trial with infants did not specify the gender.236 

Two trials included infants, healthy term neonates enrolled at birth in one study77 and infants 
3 to 36 months of age (mean age 10.6 months, SD 6.1)who were diagnosed with vitamin D 
deficient rickets in the other.236  One trial included healthy (pre- and post-menarchal) female 
children aged 10 to 17 years.105  Two studies included predominantly middle-aged populations 
(mean age 41.6 and 38.8 years (range 18-56 years) in one study and mean age 53 and 55 years 
(range not reported) in the other study).233,234  Seventeen studies included older adults.112-

114,117,118,178,180,181,184,191,197,202,207,209,212,243,248  The precise definition of an older population varied 
in the studies (e.g., postmenopausal women; individuals 65 years or older including mean ages 
ranging from 7th to the 9th decade).   The adult populations were described as participants from 
long-term geriatric care facilities, nursing homes or homes for the aged in five 
studies112,114,181,207,209 or community-dwelling participants in ten 
studies.113,117,178,180,184,197,202,233,234,248  

Ascertainment of toxicity.  Ascertainment of toxicity was reported in most trials.  The most 
commonly reported laboratory measure of calcium homeostasis was serum calcium (either total 
or ionized).112-114,117,178,181,181,184,191,197,202,202,207,209,209,212,236,248,274 In most trials, hypercalcemia 
was defined as a total serum calcium level above 2.7-2.8 mmol/L.  Thresholds used to define 
hypercalciuria varied across studies. For example, hypercalciuria was defined as a mean urinary 
calcium-creatinine ratio <1.0 when calcium and creatinine are measured in mmol (or < 0.37 
when measured in mg) in a randomly collected sample or as a 24-hour urinary calcium excretion 
value with variable thresholds of 6.25-10 mmol/day.180,191,234 Criteria used to ascertain the 
outcome of renal stones were not clearly reported in all trials. 

Interventions.  Nineteen trials used oral vitamin 
D3,77,105,113,114,117,118,178,180,181,184,191,202,207,209,233,234,236,243,248 and three trials used vitamin 
D2.112,197,212 

Seven trials had intervention arms of one or more doses of oral vitamin D.77,105,112,209,233,234,236 
Fifteen had one or more arms of vitamin D with 
calcium.113,114,117,118,178,180,181,184,191,197,202,207,212,243,248 

Comparators.  Twelve trials compared vitamin D with placebo105,112,117,180,181,184,191,243,248 or 
control.197,202,207  Five studies had a comparator arm of calcium.113,114,178,212,248  Six trials used 
another dose of vitamin D as the comparator.77,118,209,233,234,236 
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Study quality.  Twelve studies received a rating of  3 on the Jadad scale.105,112-

114,117,178,180,184,191,197,243,248 Eleven studies were described as double-blind,105,112-

114,117,178,180,184,191,234,248 and of those, nine adequately conducted the blinding.105,112-

114,117,178,180,191,248 In the majority of trials (N = 19), allocation concealment was 
unclear77,105,112,114,118,178,180,181,184,191,197,202,207,209,212,233,234,236,243 whereas three studies provided an 
adequate description.113,117,248  

Study withdrawals were adequately reported in 12 of the 22 
studies.112,113,117,118,181,184,191,197,207,236,243,248  Of these trials, eight reported losses to followup of 
over 20 percent.112,180,181,184,191,207,209,233 

 

Qualitative Synthesis 

Infants. Two trials reported toxicity outcomes in infant populations.77,236 In one study, 56 
infants with vitamin D deficient rickets (mean age 10.7 months) were randomized to receive a 
single oral dose of 150,000, 300,000 or 600,000 IU of vitamin D77  The other study included 30 
healthy neonates with low baseline serum 25(OH)D (< 25 nmol/L) who were randomized at birth 
to receive either a single oral dose of 200,000 IU vitamin D3 or 100,000 IU at birth, three and six 
months of age.236  The latter study also reported on an earlier cohort of 30 non-randomized 
infants who were treated with 600,000 IU.   

In the two trials, no serum calcium values were reported within the hypercalcemia range for 
the 100,000 and 150,000 IU doses.  The Cesur trial reported eight cases of hypercalcemia (two in 
the 300,000 and six in the 600,000 treatment arms).  Zeghoud et al. did not report any episodes 
of hypercalcemia during the RCT.   However, an oral dose of 600,000 IU vitamin D3 resulted in 
a significant increase in serum calcium concentrations 2 weeks later (p>0.005), with no change 
in serum calcium in infants receiving a lower vitamin D dose (200,000 IU).  Mean serum 
calcium concentrations in the 100,000 and 200,000 IU dose were significantly lower than serum 
calcium after an oral dose of 600,000 IU of vitamin D3.  No withdrawals were reported in the 
trials of infant populations.77,236 

Children. One trial examined the safety of vitamin D3 in healthy female children who 
received either weekly 1,400 IU (200 IU per day) or 14,000 IU (2,000 IU/day) of vitamin D3, or 
placebo.105  The authors reported that two subjects in the placebo group had serum calcium levels 
above the upper limit of normal at one year versus no subjects in the intervention groups.  Three 
subjects (1.5 percent) in the 2,000 IU/day group had serum 25(OH)D levels over 250 nmol/L 
(256.4, 400.8, and 485.5 nmol/L), but none had concomitant hypercalcemia.  There were 11 
withdrawals out of 168 participants (16 percent).  However, withdrawal rates did not differ by 
treatment arm.  One girl in the low dose vitamin D arm dropped out due to glomuerulonephritis 
which was thought to be secondary to a post-streptococcal infection.  

Adults. Two small trials by Vieth examined the safety of vitamin D3 in women of 
reproductive age or middle aged men.233,234  The populations included either healthy men and 
women234 or endocrine outpatients.233  Neither trial had a placebo or control group.233  In one 
trial, subjects were randomized to either 600 IU or 4,000 IU of vitamin D3 daily.233  The second 
trial by Vieth et al. compared 1,000 IU to 4,000 IU of vitamin D3 daily.234  The authors did not 
report if subjects with a history of renal stones were excluded.



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

708	 DIETARY REFERENCE INTAKES FOR CALCIUM AND VITAMIN D

 

188 

Seventeen efficacy trials examined the safety of vitamin D in older adults.112-

114,117,118,178,180,181,184,191,197,202,207,209,212,243,248  Fourteen trials used vitamin D3 as the 
intervention,113,114,117,118,178,180,181,184,191,202,207,209,243,248 and three trials used vitamin D2.112,197,212  
Vitamin D doses ranged from 400 to 10,000 IU daily.212  Six trials included a treatment arm of 
either vitamin D2 or D3 alone,112,113,197,202,209,248 and thirteen had a treatment arm with vitamin D 
combined with calcium.114,117,118,178,180,181,184,191,197,207,212,243,248 

Six trials used an immunoassay method to measure 25(OH)D,114,117,197,209,212,243 ten used 
CPBA,112,113,118,178,180,181,184,191,202,207 and one trial used HPLC.248 

Exclusion criteria that were reported in the published trials are summarized in Table 17.  Five 
trials excluded subjects with a history of hypercalcemia,114,180,191,209,243 seven trials excluded 
subjects with renal insufficiency,112,114,118,180,184,191,209 seven excluded subjects with primary 
hyperparathyroidism or other disorders of bone metabolism,113,114,117,118,178,184,191 and three trials 
excluded subjects who had a history of kidney stones.184,209,243  Most trials excluded subjects who 
had taken medications known to affect bone metabolism. 

Hypercalcemia. Thirteen trials reported hypercalcemia as an outcome.112-

114,178,180,181,191,197,207,209,233,234,248  In three trials, cases of hypercalcemia were reported in the 
vitamin D arm that were thought to be due to unmasking of underlying primary 
hyperparathyroidism.180,181,207  Six trials reported that there were no cases of hypercalcemia in 
either arm of the study.113,114,178,197,233,234 

Twelve trials that compared vitamin D alone or vitamin D plus calcium to placebo or calcium 
reported on the outcome of hypercalcemia.112-114,117,178,180,181,191,197,207,209,248  Supplemental 
calcium carbonate or citrate doses ranged from 500 mg118,184,212 to 1,200 - 1,500 mg per day.117  
Combining the results from the twelve trials that had either calcium or placebo as a comparator 
resulted in a Peto odds ratio of 1.58 (95% CI 0.9, 2.77), p = 0.11 and I2 = 0.5 percent.  There 
were a total of 50/10,535 cases of hypercalcemia with 31/5410 (0.6 percent) in the vitamin D 
(+/- calcium) and 19/5125 (0.4 percent) in the placebo or calcium arm.  Excluding cases that 
were due to underlying primary hyperparathyroidism, resulted in a Peto Odds Ratio of 1.4 (0.76, 
2.5).  Most cases of hypercalcemia were reported to be asymptomatic. 

Hypercalciuria.  Ten trials provided data on hypercalciuria within the adult 
populations.113,117,118,178,180,184,191,209,212,234 Vitamin D doses ranged from 700 IU vitamin D3/day118 
to 10,000 IU vitamin D2/day.212  Seven trials had calcium carbonate 500-1,000 mg as a co-
intervention113,117,178,180,184,191,212  In six trials113,117,118,180,184,212 (N = 1190) that had calcium or 
placebo as a comparator , there were total of eighteen cases of hypercalciuria reported, 13 in the 
vitamin D arms and 5 in placebo/control  (Peto OR of 1.78 (95% CI 0.68, 4.7), p = 0.24 and I2 = 
0).  In one trial, all four cases of hypercalciuria were reversed by lowering the calcium 
supplementation from 500 mg to 250 mg/day.118  In another trial in elderly women receiving 800 
mg of vitamin D3 plus 1,000 mg of calcium, 20 percent had higher 24-hour urine calcium to 
creatinine ratios in the intervention group.191 

Vieth compared 4,000 IU vitamin D3 to 1,000 IU daily, and reported more urinary 
calcium/creatinine ratios (> 1.0) in the 4,000 IU of vitamin D3 arm versus the 1,000 IU/day arm, 
although the relative number of cases of hypercalciuria during the 5 month followup was not 
significantly different between groups.234  Brazier compared 800 IU vitamin D3 plus 1,000 mg of 
calcium to placebo, and reported that significantly more participants in the vitamin D plus 



Copyright © National Academy of Sciences. All rights reserved.

Dietary Reference Intakes for Calcium and Vitamin D 

APPENDIX C	 709

 

189 

calcium group had a higher 24 hour urine Ca/Cr ratio (threshold > 6.25 mmol/24 hours) (20 
percent) compared to placebo.191 

Nephrolithiasis. Seven of the 19 adult trials provided data on renal 
stones.117,180,181,197,202,243,248  Doses of vitamin D ranged from 400 IU vitamin D3

243 to 800 IU 
daily.181  Duration of exposure ranged from one197 to seven years.243  Five trials reported that 
there were no cases of kidney stones documented during the trial.117,180,181,197,202 

The Women's Health Initiative (WHI) trial on postmenopausal women aged 50 to 79 years 
reported that there was an increase in renal stones in subjects treated with 400 IU vitamin D3 (the 
daily reference intake for women aged 50 to 70 years, and less than the reference intake for 
women > 70 years) plus calcium 1,000 mg compared to placebo.243 The WHI trial was the 
largest trial (N = 36,282) and at the seven year followup, 449/16,936 (2.7 percent) subjects in the 
vitamin D3 plus calcium group reported kidney stones versus 381/16,815 (2.3 percent) in the 
placebo group (HR 1.17, 95% CI 1.02-1.34), which appeared unrelated to high baseline calcium 
intake.  Grant et al. reported two cases of kidney stones in the 800 IU vitamin D3/day (combined 
with 1,000 mg calcium) treatment arm, and two cases within the placebo arm after five years 
followup. 

Three trials provided data on the effect of vitamin D on renal function180,191,248 and there was 
no significant effect on renal function compared to placebo. 

Total withdrawals and other adverse events.  In the adult trials, only one trial did not 
report data on total withdrawals.178  Total withdrawals ranged from 0234 to 60 percent of the 
study population.207  Total adverse events were summarized in 12 of 19 adult trials,112-

114,117,178,191,202,207,212,234,243,248 and ranged from 0113,114,178,234 to 222 events (N = 208 subjects).117  
Fifteen of the 222 events were considered to be serious adverse events, although none were 
judged as being related to vitamin D.117  Adverse events rates did not appear to differ 
significantly when comparing vitamin D combined with calcium versus placebo.  
Gastrointestinal (GI) disturbances, including nausea, diarrhea and abdominal pain were reported 
in eight trials in adults.114,180,181,191,202,207,243,248  No significant differences in GI disturbances 
between the vitamin D and calcium groups were reported. 

Deaths were reported as an outcome in 11 trials.  Overall, mortality not increased in the 
vitamin D treatment arms compared with the controls.112,117,180,181,184,191,197,207,209,243,248 
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Summary.  Intake of vitamin D above current reference intakes and harms. 
Quantity:  A total of 22 trials reported data on toxicity-related outcomes, 21 of which used 
doses above current reference intakes. 

Quality:  Of 22 trials, only 12 received a rating of >3 on the Jadad scale.  An adequate 
description of allocation concealment was reported in three trials. 

Consistency:  Toxicity results from trials with intakes of vitamin D above current reference 
intakes varied and this may have been related to different doses, baseline characteristics of 
populations or exposure times.  Most trials excluded subjects with renal insufficiency or 
hypercalcemia, were of small sample size and had short durations of exposure to vitamin D.  
Event rates were low across trials in both the treatment and placebo arms.  The WHI trial on 
women aged 50 to 79 years, examined the effect of vitamin D3 400 IU (the daily reference intake 
for women aged 50 to 70 years and below the 600 IU reference intake for women > 70 years) in 
combination with 1,000 mg calcium carbonate versus placebo and found an increase in the risk 
of renal stones (Hazard Ratio 1.17 95% CI 1.02-1.34), corresponding to 5.7 events per 10,000 
person years of exposure.  

Overall, there is fair evidence that vitamin D supplementation above current reference intakes, 
with or without calcium supplementation, was well tolerated.  A significant increase in kidney 
stones was observed in one large trial in postmenopausal women taking 400 IU vitamin D3 with 
calcium.  The quality of reporting of toxicity outcomes was inadequate in a number of the trials, 
and most trials were not adequately powered to detect adverse events. 
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