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Abstract and Introduction
Abstract

Objective Vitamin D deficiency is a worldwide health problem. Usual supplements are inadequate for prevention of
hypovitaminosis D, and much higher doses are needed for its treatment. This study was designed to compare the efficacy and
practicality of highdose intramuscular and oral cholecalciferol in treatment of hypovitaminosis D and to evaluate durability of the
effect of each remedy.
Design Ninetytwo patients with hypovitaminosis D [serum 25(OH) D level < 75 nmol/l] were enrolled in a randomised clinical
trial. Participants were randomly assigned to receive 300 000 IU cholecalciferol, either intramuscularly as a single injection or
orally in six divided doses during 3 months period. Serum 25(OH) D level was measured at baseline and at 3 and 6 months.
Results Both treatment regimens significantly increased the serum 25(OH)D level. Delta change in serum 25(OH) D level from
baseline (presented as mean ± SEM) at month 3 was significantly higher in oral than injection group (90 ± 11·2 and 58·8 ± 8·9
nmol/l, respectively, P = 0·03); but was similar at 6th month intervention (52·1 ± 7·6 and 62·2 ± 6·7 nmol/l, respectively, P =
0·32). There was a marginally significant trend in favour of oral group in the proportion of cases attained vitamin D adequacy at
6th month (P = 0·06); but still 15% of all patients remained at < 50 nmol/l.
Conclusion Both regimens were considerably effective, safe and practical in treating hypovitaminosis D. Although we revealed
superiority of oral route, at least at early short time, the way of treatment may depend on the patient's choice, compliance and
availability of various forms of the drug in any regions.
Introduction

Vitamin D deficiency is now recognized as a pandemic. [1–8] It causes rickets in children and may precipitate or exacerbate
musculoskeletal pain, fibromyalgia, osteopenia, osteoporosis and fractures in adults. Vitamin D deficiency has been associated
with increased risk of common cancers, autoimmune diseases, hypertension, infectious diseases and even depression. [9–15] The
major cause of vitamin D deficiency is inadequate exposure to sun light. Wearing sunscreen significantly reduces vitamin D
synthesis in the skin. Very few foods naturally contain vitamin D and vitamin Drich foods are often inadequate to satisfy vitamin
D requirements. Using serum 25(OH)D level, measured by a reliable assay, is the standard test for vitamin D status. Although
some controversies exist regarding the optimal level of serum 25(OH)D, based on its associations with PTH levels, and studies of
calcium absorption and bone density, serum 25(OH)D may be classified as three different categories: deficiency, a 25(OH)D of <
50 nmol/l; insufficiency, a 25(OH)D of 50–74 nmol/l; and sufficiency, a 25(OH)D of 75–250 nmol/l. [16–22] Improving vitamin D
status may have some positive effects on public health and may reduce health care costs for many chronic diseases. [23]
Despite its widespread deficiency and the increasing awareness of vitamin D importance in general health, there is little evidence
available for its treatment. Cholecalciferol (D3) and ergocalciferol (D2) are equally effective in raising 25(OH)D level. [24] It has
been shown the usual supplements are inadequate even for prevention; and much higher doses are needed for treatment. A
physician may choose between highdose oral or, if available, injectable forms of vitamin D; although the later form is
unavailable in some developed countries. There are many unanswered clinical questions in using different pharmacoceutical
forms of vitamin D, and because lack of comparing studies, it is even unclear whether to treat orally or by injection.
Considering all of these uncertainties, we conducted this head to head comparison study to evaluate oral and injectable routes in
treatment of hypovitaminosis D. We aimed to assess the efficacy of each method, using the same dose of 300 000 IU D3, in
achieving normal serum 25(OH)D level, the durability of the response, the practicality and the possible toxicity.

Materials and Methods
Participants

This randomized clinical trial was conducted on outpatients with diagnosis of osteoporosis, osteopenia, fibromyalgia and
nonspecific musculoskeletal pain visited in the Rheumatology clinic of Firouzgar Hospital, Tehran, Iran, between October 2010
and March 2011. Eligible participants were those with serum 25(OH)D level of <75 nmol/l aged 20–70 years. Patients were
excluded if they had hypercalcaemia, primary hyperparathyroidism, Paget disease, thyrotoxicosis, pregnancy, active malignancy,
hypercalciuria, history of liver disease, renal insufficiency, clinically apparent malabsorption syndrome, using drugs known to
affect vitamin D metabolism (anticonvulsants, glucocorticoids) or receiving any form of supplements containing vitamin D during
the study. Volunteers were fully informed about the study protocol, and written consent was obtained. The study was approved
by the Tehran University of Medical Sciences Ethnic committee and was registered with Iranian Registry of Clinical Trials
(IRCT201010174950N1).
Protocol

Of 150 patients assessed primarily for eligibility, 92 patients were randomly assigned to either intramuscular injection (group 1) or
oral (group 2) treatment by using 4block randomization method. Group 1 received a single intramuscular D3 injection (1ml
ampoule, 300 000 IU/ml in sesame oil, made by Caspian Pharmaceutical, Iran) at the study entry. The second group received
the same total dose of 300 000 IU D3 in the form of six pearls, each containing 50 000 IU D3 (DVitin, Zahravi Pharmaceuticals,
Iran) as follows: the first pearl was delivered at study entry, followed by one pearl weekly for another 3 weeks and then monthly
for 2 months. Baseline doses were administered by study personnel on site for both groups, resulting in 100% compliance.
Compliance with subsequent doses in the second group was assessed by pearl count and accepted if ≥ 80%.
The patients were asked to come back again at 3 and 6 months after the first dose of drug. To achieve the best results, all of
participants were called by phone 1 week prior to their next appointment. Age and BMI were recorded; and a check list including
weekly food frequency, daily sun exposure and possible extraprotocol vitamin D usage was filled up for the patients at each visit.
Main outcome was delta change in mean serum 25(OH)D level and also achievement of serum 25(OH)D ≥ 75 nmol/l at three
and 6 months (±1 week) after the study entry. In addition, frequency of serum 25(OH)D ≥ 50 nmol/l and also > 250 nmol/l were
assessed. In case of occurrence of 25(OH)D level > 250 nmol/l at any time during the study, serum calcium and 24 hours urinary
calcium excretion were measured. In all cases remained vitamin D deficient at 3rd month intervention, we performed a serum
antitTg assessment to rule out asymptomatic malabsorption.
Laboratory Assessment

Serum samples were stored at −20°C. Fasting serum 25(OH)D level was measured by trained technicians of a single laboratory
at baseline, and at 3 and 6 months after the first dose of vitamin D3. Serum 25(OH)D was measured by radioimmunoassay
(Immune diagnostic systems, Boldon, UK) according to international instructions. Specificity and sensitivity for 25(OH)D
measurement were 100% and 5 nmol/l, respectively. Interassay and intraassay coefficients of variation were 6·4 and 5·6% at
175 nmol/l, respectively.
Statistical Analysis

Data analyses were performed according to a perprotocol analysis using 'last observation carried forward' (LOCF) method, in
which missing data at month 6 were replaced by imputation of values of month 3. Numeric variables are presented using mean
and standard error of mean (SEM). Independent sample ttest was used to compare baseline characteristics of numeric variables
and mean difference of serum 25(OH)D level at baseline with month 3 and month 6 between the two treatment groups. Chi
square test was used for comparison of qualitative variables between the two groups. Using Kolmogorov–Smirnov test, we
confirmed normality of distribution of 25(OH)D level. Therefore, to compare mean serum 25(OH)D levels within each group, at
first and last measurement, paired ttest was used. Repeated measurement analysis of variance (anova) was performed to
compare the changes in serum 25(OH)D level in patients of two groups. P < 0·05 was considered statistically significant. All the
statistics were calculated using spss version 16·0 (SPSS Inc., Chicago, IL, USA).

Results

Of 150 patients assessed primarily for eligibility, 92 patients were included; 46 patients in each group. During the first 3 months
of study, seven patients of group 1 and six patients of group 2 were lost to follow up. In the next 3 months of the study, some
other cases were excluded from both groups. At the end, 61 patients completed the study; but 79 patients were included in final
perprotocol analysis using LOCF method (Fig. 1). The percentage of dropouts between the two groups was similar. There was
no statistically significant difference at baseline between who completed the study (n = 61) and who did not (n = 31). Baseline
characteristics of the patients were similar between the treatment groups (). Compliance of the groups in drug usage was
acceptable (>90%) and comparable.
Table 1. Baseline characteristics of patients

Variable

Group 1 (injection) (n = 39) Group 2 (oral) (n = 40) P

Age (year)

49·6 ± 1·5

48·1 ± 1·2

NS*

BMI (kg/m2)

26·9 ± 0·6

27·6 ± 0·8

NS

Women (n)

30

33

NS

Baseline serum vitamin D level (nmol/l) 36·3 ± 2·3

37·5 ± 2·5

NS

Daily sun exposure (min)

33·8 ± 3·1

41·2 ± 4·5

NS

<2 times/week fish consumption (n)

30

34

NS

<2 times/week eggs consumption (n)

29

27

NS

Data denoted as Mean ± SEM, except for numbers.
*NS, not significant.

Figure 1.

Flow diagram of enrolment, randomization and followup.
Serum 25(OH)D Responses to Treatment

The range of serum 25(OH)D levels throughout the entire study period is shown in Fig. 2a. Mean serum 25(OH)D in group 1 was
36·3 ± 2·2 nmol/l at baseline, which raised to 95 ± 9·2 and 88·4 ± 7·8 nmol/l after 3 and 6 months of intervention, respectively (P
< 0·001). Mean serum 25(OH)D in group 2 was 37·5 ± 2·4 nmol/l at baseline, which increased to 127 ± 11·4 and 99·8 ± 7 nmol/l
after 3 and 6 months of treatment, respectively (P < 0·001) []. Using repeated measurement of anova, it appeared to be a
marginally significant rise in serum 25(OH)D in favour of the oral route during time (Data not shown, P = 0·07). Figure 2b shows
delta changes in serum 25(OH)D levels; the mean change in serum 25(OH)D level from baseline at month 3 was significantly
higher in oral than injection group (90 ± 11·2 and 58·8 ± 8·9 nmol/l respectively; P = 0·03). There was no significant difference
between the delta changes in 25(OH)D level achieved in injection and oral groups at 6th month (52·1 ± 7·6 and 62·2 ± 6·7 nmol/l
respectively; P = 0·32).
Table 2. Mean serum 25(OH)D level after 3 and 6 months in two groups

Variable

Group 1 (injection) (n = 39) Group 2 (oral) (n = 40) P*

Baseline serum25(OH)D (nmol/l)

36·3 ± 2·2

Serum 25(OH)D after 3 months (nmol/l) 95 ± 9·2

37·5 ± 2·4

0·7

127·5 ± 11·4

0·03

Serum 25(OH)D after 6 months (nmol/l) 88·4 ± 7·8

99·8 ± 7

P†

<0·001

<0·001

0·28

Values denote Mean ± SEM.
*Injection vs oral, comparison by independent ttest.
†Within group's comparison by repeated measurements anova. Last observation carried forward method was used for missing
data at 6th month.

Figure 2.

Comparison of serum 25(OH)D levels in the study patients. (a) Distribution of serum 25(OH)D levels at baseline, and after 3 and
6 months intervention in two groups. Numbers denote mean± SEM. The dashed lines represent the threshold levels for vitamin
D insufficiency, and adequacy range settled at 50, 75 and 250 nmol/l. (b) Observed delta changes in serum 25(OH)D levels after
3 and 6month treatment in two groups. Last observation carried forward method was used for missing data at 6th month.
The percentage of patients receiving serum 25(OH)D above cutoff points of > 50 and > 75 nmol/l is shown in . At 3 months,
serum 25(OH)D level increased to ≥ 75 nmol/l in 51·3 and 65% in group 1 and group 2, respectively (P = 0·21); and 3 months
later, it remained ≥ 75 nmol/l in 43·6 and 65·6% of cases in group 1 and group 2, respectively (P = 0·06).
Table 3. Percentage of participants with serum 25(OH) D levels above a certain cutoff point after 3 and 6 months of treatment in
two groups

Variable

Group 1 (injection) (n = 39)

Group 2 (oral) (n = 40)

P*

Serum 25(OH)D ≥ 75 nmol/l
3 months

51·3 (20)

65 (26)

0·21

6 months

43·6 (17)

65 (26)

0·06

Serum 25(OH)D ≥ 50 nmol/l
3 months

76·9 (30)

92·5 (37)

0·06

6 months

82·1 (32)

90 (36)

0·30

*Injection vs oral, comparison by Pearson chisquare test.
Data denote Percentage (number). Last observation carried forward method was used for missing data at 6th month.

Three months after treatment, serum 25(OH)D > 250 nmol/l (range: 255–280 nmol/l) was detected in 2 and 4 patients of
injection and oral group, respectively (P = 0·7); all normalized to < 250 nmol/l at 6 months (data not shown). None of them had
hypercalcaemia or hypercalciuria at 3 months.
No adverse reaction including discomfort, erythema, cellulitis, swelling, skin atrophy, fever or abscess formation was reported
during the study in either treatment groups.

Discussion
The present study demonstrates the considerable efficacy and safety of two different oral and injectable regimens utilizing a total
dose of 300 000IU vitamin D3 in treating hypovitaminosis D. In both groups, at least 75% of cases achieved 25(OH)D levels of >
50 nmol/l, and about 50% achieved levels of > 75 nmol/l at 3 and 6 month of intervention. The delta change in 25(OH)D level
was significantly higher in oral route at 3 months, and there was a marginally significant trend in rising 25(OH)D level in favour of
that route during the entire followup time. About 8% (6 of total 79) of treated cases developed 25(OH)D level of > 250 nmol/l at
3 months intervention, which made us worry about potential toxicity. The highest 25(OH)D level was 280 nmol/l and under the
375 nmol/l that is considered to be potentially toxic; [25] it was found in a case from injection group with a near normal
pretreatment level of 73 nmol/l. Too much vitamin D may cause acute toxicity presenting with symptoms of hypercalcaemia, or
hypercalciuria. However, none of our patients with levels of > 250 nmol/l showed any symptoms of toxicity or developed
hypercalcaemia or hypercalciuria. At finish point of our study, no cases with 25(OH)D level of > 250 nmol/l were found.
Vitamin D deficiency is rather widespread and common in different parts of the world, but there is no consensus in the ways of
its treatment. The results of studies on treatment with different low or high doses of vitamin D3 are inconsistent. Papaioannou et
al. [26] showed that 90 000 IU D3 had marginally better results than 190 000 IU vitamin D in a 3 months period, both in the level
of 25(OH)D achieved and also in the proportion of subjects reached vitamin D adequacy. Considering all controversies, one
recommendation with proven safety and efficacy has been based on oral use of 50 000 IU vitamin D2 or D3 once weekly for 8
weeks and then to continue daily dose of 1500–2000 IU. [25, 27] It worth to pay attention to effect of body weight on dose
response curve; based on findings of Wortsman et al., larger doses of vitamin D may be required in treating vitamin Ddeficient
obese persons compared with nonobese ones, possibly due to decreased vitamin D bioavailability. [25, 28] It is obvious that
success of such a regimen depends at least in a major part, to patient adherence with getting two different drug dosage and time
course. In today's busy life, it is well possible that getting mistakenly the high dose of the abovementioned regimen in weekly
manner for a long time would result in vitamin D toxicity. Any simple dosing regimen may allow convenient outpatient
management with improvement in compliance. There is still parenteral high dose form of vitamin D available in some parts of
the world. In addition to the notable concerns about compliance and toxicity, longer duration of oral treatments, presence of
malabsorption syndromes and also cost of treatment are some important issues in selecting the way of treating vitamin D
deficiency. On the other hand, there are some warnings in the literature about using injection of highdose vitamin D, both as far
efficacy and toxicity.
The majority of the published data before the year 2000 have not followed up the cases for enough time period, have been
performed in small sample size of a certain population (old institutionalized) with narrow age range and, more importantly, have
used the previous definition of sufficiency with lower cutoff point of normality which is considered as definite hypovitaminosis in
the new era of vitamin D understanding. [29] There are some recent studies targeting vitamin D therapy with pharmacologic doses
of the vitamin. Diamond et al. [30] showed that an annual intramuscular injection of 600 000 IU cholecalciferol was safe and
effective for treatment for vitamin D deficiency in 50 Australians. Another group from Australia compared oral continuous low
dose vs shortterm highdose vitamin D in treating vitamin Ddeficient cases; one group received 500 000 IU oral vitamin D
during 10 days, and the other group received 150 000 IU vitamin D orally during 3 months on a daily manner. Their study proved
both regimens to be effective in increasing serum 25(OH)D to within normal range. [31] These two recent studies are similar to our
study in age range and number of cases, in the criteria used for insufficiency, and also in proven efficacy and safety of
megadoses used. Their main findings were also similar to our results in each of our oral or injectable arms of trial; of coarse their
study protocol and their vitamin D dosage were different from our study. Giusti et al. used two different D3 dosages in treating 60
elderly vitamin Ddeficient women in a 6month followup study. One group received total 600 000 IU D3 in two equal doses, one
at baseline and the second at 3 months; the other group was put on daily dose of 1000 IU D3. The findings of highdose arm at
6th month was rather similar to ours in the delta change in 25(OH)D achieved and also in the rate of cases reached vitamin D
adequacy, of course with getting two times more vitamin D3.[32] Study of Hashemipour et al. [33] raised some concerns about

using megadoses of intramuscular vitamin D. It showed that vitamin D injection especially at doses higher than 300 000 IU may
be associated with hypervitaminosis D. Their study included volunteers with near normal baseline 25(OH)D level that is quite
different with our cases.
To our knowledge, there are very few published studies comparing the same dose of different routes of vitamin D2 or D3 in
treating hypovitaminosis D. The old one published in 1981, used 100 000 IU D2 orally or intramuscularly to treat a group of
Asians with serum 25(OH)D of < 12·5 nmol/l. [34] Comparable to our results, it showed both regimens were similarly effective in
raising serum 25(OH)D level at finish point of the study. They also showed superiority of oral to injection route at 1month
treatment, the finding we found at 3rd month of our study. In contrast to ours, based on current definition of 25(OH)D normality,
none of their patients reached normal values of 25(OH)D. This may be explained by their very low baseline serum 25(OH)D level
and also by the smaller dose of vitamin D used. The study by Leventis et al. tried to compare oral and intramuscular regimens
with same dose of 300 000 IU in treating cases with 25(OH)D of < 40 nmol/l. Similar to ours, their study concluded that at 3
months the oral route was superior, and the two regimens were equal at 6 months. However, They had used two different
pharmaceutical agents (oral D3vs injectable D2), and also their two groups were significantly different in age and baseline
25(OH)D. [35] We have recently presented the results of a preliminary study comparing two routes of treating hypovitaminosis D,
which showed the effectiveness of both methods, oral and intramuscular. Although the oral route was found as superior one at 3
month intervention, it should be emphasized that vitamin D3 dosage used for treatment for vitamin D deficiency was different
between the groups; 450 000 IU was used for oral group, while the patients in intramuscular arm received 300 000 IU. [36]
Considering the methodological problems of that experience, we designed the present study with an equal dosage plan, and also
with a longer followup period, to get more accurate and reliable results.
The current study carries some limitations. First, this was an open study with no blindness. In our opinion, it was not ethical to
perform painful placebo injection only to achieve blindness. Second, we had some dropouts because of excluding patients who
had any extraprotocol vitamin D usage. Third, using questionnaire for assessing compliance of oral group could be affected by
recall bias; and fourth, if we had measured serum calcium, phosphorus and PTH in all cases, the study results might have
answered to some other possible unclear points in this field.
In conclusion, by using new definition of serum 25(OH)D normality, our study provides preliminary evidence that the same high
doses of vitamin D3 are effective, practical and safe, either orally or parenterally in treating vitamin D deficiency. However, it
should be emphasized that even with the high dose of vitamin D we used; about half of cases did not achieve the adequate
level. Although we revealed superiority of oral route, at least in the early short time of our study, facing the widespread worldwide
pandemic of hypovitaminosis D, physicians should firstly be aware of its presence and secondly may choose the way of treatment
based on patient's wish, compliance and availability of various forms of the drug in their regions. Further investigations with
longer followup in future will help to definitely recommend such a therapeutic approach.
References

1. Yetley, E.A. (2008) Assessing the vitamin D status of the US population. American Journal of Clinical Nutrition, 88,
558S–564S.
2. Hyppönen, E. & Power, C. (2007) Hypovitaminosis D in British adults at age 45 y: nationwide cohort study of dietary and
lifestyle predictors. American Journal of Clinical Nutrition, 85, 860–868.
3. Ann, P., Inez, S., Kerry, G. et al. (2009) Vitamin D deficiency and its health consequences in Africa. Clinical Review in
Bone and Mineral Metabolism, 13, 94–106.
4. Fraser, D.R. (2004) Vitamin Ddeficiency in Asia. The Journal of Steroid Biochemistry and Molecular Biology, 89–90,
491–495.
5. Diamond, T.H., Eisman, J.A., Mason, R.S. et al. (2005) Vitamin D and adult bone health in Australia and New Zealand:
a position statement. Medical Journal of Australia, 182, 281–285.
6. Melhus, H., Snellman, G., Gedeborg, R. et al. (2010) Plasma 25hydroxyvitamin D levels and fracture risk in a
communitybased cohort of elderly men in Sweden. The Journal of Clinical Endocrinology & Metabolism, 95, 2637–2645.

7. Pekkarinen, T., Turpeinen, U., Hamalainen, E. et al. (2010) Serum 25(OH)D3 vitamin status of elderly Finnish women is
suboptimal even after summer sunshine but is not associated with bone density or turnover. European Journal of
Endocrinology, 162, 183–189.
8. Heshmat, R., Mohammad, K., Majdzadeh, S.R. et al. (2008) Vitamin D Deficiency in Iran: a Multicenter Study among
Different Urban Areas. Iranian Journal of Public Health, 37(suppl 1), 72–78.
9. Garland, C.F., Comstock, G.W., Garland, F.C. et al. (1989) Serum 25hydroxyvitamin D and colon cancer: eightyear
prospective study. Lancet, 2, 1176–1178.
10. Grant, W.B. (2002) An ecologic study of dietary and solar ultravioletB links to breast carcinoma mortality rates. Cancer,
94, 272–281.
11. Tuohimaa, P., Tenkanen, L., Ahonen, M. et al. (2004) Both high and low levels of blood vitamin D are associated with a
higher prostate cancer risk: a longitudinal, nested casecontrol study in the Nordic countries. International Journal of
Cancer, 108, 104–108.
12. Merlino, L.A., Curtis, J., Mikuls, T.R. et al. (2004) Vitamin D intake is inversely associated with rheumatoid arthritis:
results from the Iowa Women's Health Study. Arthritis Rheumaisms, 50, 72–77.
13. Reis, J.P., von Mühlen, D., Miller, E.R. et al. (2009) Vitamin D status and cardiometabolic risk factors in the United
States adolescent population. Pediatrics, 124, e371–379.
14. Ginde, A.A., Mansbach, J.M. & Camargo, C.A. Jr (2009) Association between serum 25hydroxyvitamin D level and
upper respiratory tract infection in the Third National Health and Nutrition Examination Survey. Archives of Internal
Medicine, 169, 384–390.
15. Mersch, P.P., Middendorp, H.M., Bouhuys, A.L. et al. (1999) Seasonal affective disorder and latitude: a review of the
literature. Journal of Affective Disorders, 53, 35–48.
16. DawsonHughes, B., Harris, S.S., Krall, E.A. et al. (1997) Effect of calcium and vitamin D supplementation on bone
density in men and women 65 years of age or older. New England Journal of Medicine, 337, 670–676.
17. Chapuy, M.C., Pamphile, R., Paris, E. et al. (2002) Combined calcium and vitamin D3 supplementation in elderly
women: confirmation of reversal of secondary hyperparathyroidism and hip fracture risk: the Decalyos II study.
Osteoporosis International, 13, 257–264.
18. Trivedi, D.P., Doll, R. & Khaw, K.T. (2003) Effect of four monthly oral vitamin D3 (cholecalciferol) supplementation on
fractures and mortality in men and women living in the community: randomised double blind controlled trial. British
Medical Journal, 326, 469.
19. Sanders, K.M., Stuart, A.L., Williamson, E.J. et al. (2010) Annual highdose oral vitamin D and falls and fractures in
older women: a randomized controlled trial. Journal of American Medical Association, 303, 1815–1822.
20. DurazoArvizu, R.A., DawsonHughes, B., Sempos, C.T. et al. (2010) Threephase model harmonizes estimates of the
maximal suppression of parathyroid hormone by 25hydroxyvitamin D in persons 65 years of age and older. Journal of
Nutrition, 140, 595–599.
21. BischoffFerrari, H.A., Dietrich, T., Orav, E.J. et al. (2004) Positive association between 25hydroxy vitamin D levels and
bone mineral density: a populationbased study of younger and older adults. American Journal of Medicine, 116, 634–
639.
22. Vieth, R., Ladak, Y. & Walfish, P.G. (2003) Agerelated changes in the 25hydroxyvitamin D versus parathyroid hormone
relationship suggest a different reason why older adults require more vitamin D. Journal of Clinical Endocrinology and
Metabolism, 88, 185–191.

23. Holick, M.F. (2010) The vitamin D deficiency pandemic: a forgotten hormone important for health. Public Health Reviews,
32, 267–283.
24. Holick, M.F., Biancuzzo, R.M., Chen, T.C. et al. (2008) Vitamin D2 is as effective as vitamin D3 in maintaining circulating
concentrations of 25Hydroxyvitamin D. Journal of Clinical Endocrinology and Metabolism, 93, 677–681.
25. Holick, M.F., Binkley, N.C., BischoffFerrari, H.A. et al. (2011) Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society Clinical Practice Guideline. Journal of Clinical Endocrinology and Metabolism, 96, 1911–
1930.
26. Papaioannou, A., Kennedy, C.C., Giangregorio, L. et al. (2011) A randomized controlled trial of vitamin D dosing
strategies after acute hip fracture: no advantage of loading doses over daily supplementation. BMC Musculoskeletal
Disorders, 12, 135.
27. Pietras, S.M., Obayan, B.K., Cai, M.H. et al. (2009) Vitamin D2 Treatment for vitamin D deficiency and insufficiency for
up to 6 years. Archives of Internal Medicine, 169(19), 1806–1808.
28. Wortsman, A., Matsuoka, L.Y., Chen, T.C. et al. (2000) Decreased bioavailability of vitamin D in obesity. American
Journal of Clinical Nutrition, 72, 690–693.
29. Vieth, R. (1999) Vitamin D supplementation, 25hydroxyvitamin D concentrations, and safety. American Journal of Clinical
Nutrition, 69, 842–856.
30. Diamond, T.H., Ho, K.W., Rohl, P.G. et al. (2005) Annual intramuscular injection of a megadose of cholecalciferol for
treatment of vitamin D deficiency: efficacy and safety data. Medical Journal of Australia, 183, 10–12.
31. Hackman, K.L., Gagnon, C., Briscoe, R.K. et al. (2010) Efficacy and safety of oral continuous lowdose versus shortterm
highdose vitamin D: a prospective randomised trial conducted in a clinical setting. Medical Journal of Australia, 192, 686–
689.
32. Giusti, A., Barone, A., Pioli, G. et al. (2010) Heterogeneity in serum 25hydroxyvitamin D response to cholecalciferol in
elderly women with secondary hyperparathyroidism and vitamin D deficiency. Journal of American Geriatrics Society,
58(8), 1489–95.
33. Hashemipour, S., Sarukhani, M.R. & Asefzadeh, S. (2009) Effect of different doses of parenteral vitamin D3 on serum 25
(OH) D concentrations. Daru, 17(suppl 1), 26–30.
34. Stephens, W.P., Klimiuk, P.S., Berry, J.L. et al. (1981) Annual highdose vitamin D prophylaxis in Asian immigrants. The
Lancet, 2, 1199–1201.
35. Leventis, P. & Kiely, P.D.W. (2009) The tolerability and biochemical effects of highdose bolus vitamin D2 and D3
supplementation in patients with vitamin D insufficiency. Scandinavian Journal of Rheumatology, 38, 149–153.
36. Shahrivari, M., Jahed, S.A., Zabihiyeganeh, M. et al. (2011) Comparison of oral versus intramuscular treatment of
vitamin D deficiency or insufficiency. Presented at European Congress of Endocrinology, ESE, Rotterdam, The
Netherlands. Endocrine Abstracts, 26, P540.
Acknowledgements
This research has been supported by Tehran University of Medical Sciences & health Services (grant number 1028). We would
like to thank Modjtaba Amirahmadi MD, for the English editing of the manuscript; and Arash Tehrani Banihashemi MD, for his
assistance in statistical analysis. We would also like to express our appreciation to the officials and colleagues at the Firoozgar
Clinical Research Development Center (FCRDC), especially Seyed Mohammad Fereshtehnejad MD, Neda Najimi MD. and
Saieed Gholami MD.
Clin Endocrinol. 2013;78(2):210216. © 2013 Blackwell Publishing
This website uses cookies to deliver its services as described in our Cookie Policy. By using this website, you agree to the use of
cookies.
close

