
8

Cellular and Molecular Biology
E-ISSN : 1165-158X / P-ISSN : 0145-5680

www.cellmolbiol.org 
Review
Therapeutic and maintenance regimens of vitamin D3 supplementation in healthy adults: 

A systematic review

Adla Bakri Hassan1*, Reham Fathi Hozayen2, Raed Aqshan Alotaibi2, Yasin Ibrahim Tayem3

1 Department of Internal Medicine, College of Medicine and Medical Sciences, Arabian Gulf University, Bahrain
2  Internal Medicine Department, Salmanyia Medical Complex, Bahrain

3 Department of Pharmacology and Therapeutics, College Of Medicine and Medical Sciences, Arabian Gulf University, Bahrain

Correspondence to: adla.hassan@gmail.com,  adlabmh@agu.edu.bh

Received October 14, 2018; Accepted November 1, 2018; Published November 30, 2018

Doi: http://dx.doi.org/10.14715/cmb/2018.64.14.2

Copyright: © 2018 by the C.M.B. Association. All rights reserved.

Abstract: Studies carried out assessing the effect of different doses of cholecalciferol (vitamin D3) on correcting serum 25-hydroxyvitamin D deficiency in 
healthy adults are limited and review studies are lacking. Moreover, the maintenance dose and its duration offered by these few studies are inconsistent. We per-
formed a systematic review of randomized clinical controlled trials (RCTs) that assessed the effect of different doses of vitamin D3 on serum 25(OH)D in healthy 
adults. PubMed database was searched from 2010 to 2018 using the following search terms: “vitamin D deficiency”, “Cholecalciferol”, “vitamin D3 dose”, “vita-
min D supplement”, “vitamin D therapy”. RCTs and original articles that evaluated different doses of vitamin D3 were identified. A total of sixteen (out of 3016) 
acceptable studies fulfilling our inclusion criteria were included in the current systematic review. Our results revealed that supplementation with vitamin D3 had a 
significant positive effect in raising serum 25(OH) D concentrations. Our findings indicated that the best regimen of vitamin D3 supplement consisted of an initial 
large bolus dose either IM injection of 600.000 IU monthly or oral dose of 200.000 IU monthly or 50.000 IU weekly for 8 weeks, followed by a maintenance dose 
of 50.000 IU monthly or bimonthly. A large bolus therapeutic dose of vitamin D3, frequently or infrequently for 8 weeks, followed by long-term oral maintenance 
dose of 50.000 IU monthly or bimonthly optimiz and manitain vitamin D serum levels year round.
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Introduction

Since the discovery that cod liver oil cured rickets 
back in 1918, bone disease has been the hallmark of 
vitamin D-dependent deficiency (1). Today in 2018, we 
are decades later, but still we do not know the optimal 
vitamin D intake for our skeleton. Inadequate vitamin D 
status is associated not only with bone disease such as 
rickets, but also with skeletal and non-skeletal diseases. 
Indeed, it is linked to osteoporosis (2, 3), rheumatoid 
arthritis (4), systemic lupus erythematosus (5) and os-
teoarthritis (6). Furthermore, it is associated with seve-
ral non-skeletal diseases including; multiple sclerosis 
(7), type1 diabetes mellitus (2), cardiovascular diseases 
(8), pancreatic cancer and breast cancer (9, 10). On the 
contrary, recent studies revealed that vitamin D supple-
mentation did not prevent fractures or falls, or improved 
bone mineral density in adults (11).

The current guidelines on adequate intakes of vita-
min D by healthy adults and children set by the Institute 
of Medicine’s (IOM) Food and Nutrition Board (FNB) 
in 2011 are for medically unsupervised intake and do 
not apply to medically supervised treatment. The FNB 
says that the new upper limit is 4000 IU/day for adults 
and differs by age (12). The guideline of the Endocrine 
Society stated that the maintenance dose of vitamin 
D, which would need medical supervision, should be 
10,000 IU/day to correct vitamin D deficiency for adults 
who are 19 years and older (13). Another guideline, that 

of Italian Society for Osteoporosis states that in sub-
jects treated for vitamin D deficiency or insufficiency, a 
maintenance dose of 800-2000 IU/day (or weekly equi-
valent) is recommended; however, the highest tolerated 
daily dose has been identified as 4,000 IU/day (14).

Scientific evidence suggests that 25(OH)D serum 
levels should be over 30 ng/ml to achieve the beneficial 
biological effects of vitamin D in decreasing the risk of 
many chronic diseases (15).

The principal source of vitamin D comes from sun 
exposure in summer, which induces the synthesis of 
20,000 IU of vitamin D after 30 minutes exposure (16) 
or as short as 9 minutes lunch time exposure in fair-
skinned people (17). This amount of naturally-produced 
vitamin D is equivalent to taking 50 standard multivi-
tamins tablets (400 IU/tablet). Such huge amount natu-
rally-produced vitamin D in a few minutes, combined 
with vitamin D’s basic genomic mechanism of action as 
steroid precursor indicates the importance and safety of 
large bolus therapeutic doses of vitamin in a short period 
in healthy people with vitamin D deficiency. Toxicity 
is rare and practical evidence of vitamin D toxicity in 
those chronically consuming 10,000 IU/day of vitamin 
D3 is absent in the literature (18).

Vitamin D3 is biologically inactive. It needs to be 
metabolized within the body to 25 (OH)D, also named 
Calcidiol. The latter is transformed by the enzyme 1, 
25 hydroxylase into the biologically active form, 1, 25-
(OH)2 D,  also named Calcitriol. Measuring 25(OH)
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D serum levels is the only way to diagnose vitamin D 
inadequacy. Vitamin D deficiency and insufficiency, 
for Caucasian population were defined in 2010 as fol-
lows; deficient < 25nmol/l (< 10 ng/ml), insufficient < 
75nmol/l (< 30 ng/ml) and optimal ≥ 75nmol/l (≥ 30 
ng/ml) (13, 19). The enzyme which induces the forma-
tion of 1, 25 (OH)2 D is present in a wide variety of 
human tissues other than kidney. Thus, locally produced 
1, 25(OH) 2 D is under autonomous autocrine control. 
The autonomously made vitamin D3 directly affects nu-
merous cells via its autocrine, and presumed paracrine 
functions (2, 20).

The aim of the current systematic review was to 
review all intervention studies, which investigated the 
effect of different therapeutic and maintenance doses of 
vitamin D3 on correcting and maintaining serum level 
of 25(OH) D in healthy adults.

Materials and Methods

Data search
We performed a systematic review study for pu-

blished randomized controlled clinical trials (RCTs) 
on vitamin D3 (Cholecalciferol) supplementation in 
healthy adult subjects aged 18-59. Pub Med database 
was initially searched by two researchers for related 
published articles. The search was restricted to stu-
dies which feature the following: published in English 
language, human studies, clinical trials and original 
articles during the years 2010-2018. The search was 
performed by using various combinations of the fol-
lowing keywords: “vitamin D deficiency”, “vitamin 
D3”, “Cholecalciferol”, “Vitamin D dose”, “vitamin D 
supplement/s”, “vitamin D therapy”.

Study eligibility criteria
The RCTs that involved human, healthy adult sub-

jects that directly compared the effects of different doses 
of vitamin D3 supplementation on serum 25(OH)D le-
vels were initially included in this systematic review. 
However, reviews, systematic reviews, meta-analysis, 
letter to editor or case report articles were all excluded. 
Additionally, studies that had participants of unisex or 
lack of a control or placebo group were acceptable and 
were not causes for exclusion. No studies included that 
involved children, adolescence, pregnant or breastfee-
ding women or elderly (≥60 years). Studies that included 
mixed age i.e. adults with adolescences or elderly were 
also excluded. Exclusion criteria were also applied to 
articles if author or abstract or full-article was not found 
or if it was not about vitamin D deficiency, i.e. treating 
with vitamin D3 therapy without investigating vitamin 
D status (i.e., 25(OH) D levels). As a general overview, 
the recruitment criterion for each study was briefly des-
cribed, all studies included in this review showed a clear 
methodology and subsequent reporting of results except 
few studies (studies are described in Table 1). 

Data extraction
Four reviewers reviewed all trial characteristics 

(Table 1). They reviewed serum 25(OH) D concentra-
tions at baseline, during or post treatment in association 
with the dose used, frequency, follow-upon duration, 
and use of either intramuscular (IM) or oral route, we 

also reviewed the range of age, gender and number of 
subjects involved in each study.

Results

Figure 1 shows the number of the studies included 
and excluded in the current systematic review. Twen-
ty five RCTs (out of 3016) with sufficient data were 
available for the full article review and included in the 
primary analysis. The unavailable full articles were 
requested and provided by the Arabian Gulf University 
(AGU) library. A total of sixteen acceptable studies ful-
filling our inclusion criteria were included for the final 
analysis. Our analysis showed that the total numbers of 
the participants included in this systematic review were 
1747 subjects, aged 18-59 years, 69% (1214) of them 
were females.

The classification of the six regimens depicted in 
Table 2

We classified the different regimens used in this sys-
tematic review into six regimens as shown in Table 2. 
All studies tested supplement doses ranged from 200 to 
600,000 IU and had a follow up period ranging from 4 
to 52 weeks, however, 25% had follow up period up to 
8 weeks only. Regarding vitamin D3 dosage, we classi-
fied the 16 studies into 3 groups; Oral vs IM, single vs 
multiple, large vs small.

Regimen1. Supplement with IM single large dose
Two studies evaluated a single large dose of 600.000 

IU IM injection for 8-week duration (21, 36). They   

Figure 1. Flow diagram for the articles which were identified for 
the review.
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Author\year
 F:M*/(T)* /
Ageor(MA)*

(BL)*/PT*or (MC)*/
(PV)*

Vitamin D3 dose IU / duration 
in week (wk) or month (mth)

Outcomes Vitamin D3 (VD3)

1.Khan A 2012, (21)
Pakistan

F:M 38:15
T(54)
age : 30+-7

BL(17.4± 7.6)ng/ml /
PT(26.5±7.7ng/ml)/
PV<0.0001

600.000 IU, IM/8 wks
A single VD3 injection of 600,000 
IU significantly increase mean 
serum level of 25(OH)D 

2.Khawaja N 2017, (22)
Jordan

F:M :43:28/ 
T(71)
MA:28.7 + 5.1

GA: BL(11.4 -+ 5.1)ng/
ml/PT( 33.8 + 8.0)ng/ml
GB: BL(11.7 + 6.4)ng/
ml/ PT( 28.8 + 5.8)ng/ml
PV: (.013)

(group A)(GA):
50.000 IU\wk*, 
50. 000/ mth*,
50.000/2wks
(group B(GB)  7000 IU D*/wk, 
12.500  IU/wk 50.000 /mth

Timing and frequency of the 
dosing (daily vs weekly) have 
no effect on the rise in serum 
25(OH)D levels and 50.000 
IU bimonthly is required to 
maintain sufficient 25(OH)D 
levels

3.Priyambada 2014, (23)
India

F:M(12:16) 
/T(30)
Age (NS)

BL:  7.1±5.4(ng/mL)
PT(1st 60000 IU): 11.1 ± 
5.3 ng/ml
PT (120000): 11.28 ± 4.7 
ng/ml
PT(2nd 60000)  18.4 ± 3.9
Final P value = 0.172.

60,000 U  ,after  3mths, 120,000 
IU or 180,000 U , after 3mths,  
60,000 IU (maintenance dose)

An initial dose of 120,000-
180,000 IU of VD3 is required 
to elevate 25(OH)D out of the 
deficiency range. Maintenance 
dose is needed at 8 weeks

4.Rana,  2014, (24)
India

F:M(16:3)
/T(19)
/age 21.5

BL ( 3.4+\- 1.7)ng/ml/ 
PT: 26.9 ±9.75ng/ml/PV 
: 0.001

60 000 IU/wk for 12 wks The serum level has been 
optimized after 12 weeks.

5.Schleck M 2015, (25)
Belgium

F only/
(T)150
/age >18 years 

BL in all Groups(>5ng/
mL and <20 ng/ml
G1: MC (7.72 -+5.08)
ng/ml
G2 :MC 13.30  +\-  
5.88ng/ml
G3:MC  20.12  +\-
7.79ng/ml
(PV < 0.0001)

3 Groups given (L* (G1), 
M*(G2) ,H* (G3) Dose  )in (O, 
4 ,8 WKS)
50,000, 100,000 or 200,000 IU 
(0wk)
25,000, 50,000 or 100,000IU 
(4wk) 
25,000, 50,000 or 100,000IU 
(8 wk) 

Loading dose of 200,000 IU 
VD3 followed by a monthly 
dose of 100,000 IU is the best 
dosing schedule to quickly and 
safely correct the VD status.

6. Yao 2016, (26)
China

F:M(307:141) 
/T(448)
/Age(20-42)

MC:12.2 ±6
(p: <.001)

, 2000 IU/d for 20 wk
Control study 

Conclusion, daily 
supplementation with a 2000 
UL dose of VD3 in China 
significantly raised 25(OH) D 
in 75 % of the samples.

7.Cipriani C 2010, (27)
Italy

F:M (35:13)/
T (48)
MA :36.04 +\- 
8.46

BL: 15.8±6.5ng/ml/ 
PT(3o day):62.4±26.1ng/
ml ,  PT  ( 90 days):31.9± 
12.6ng/ml/
P value :<.001

A single 600,000 IU for 3mths

A single oral dose of 600,000 
IU of VD3 rapidly enhances 
25(OH)D and reduces PTH in 
young people with vitamin D 
deficiency

8.Gallagher, 2014, (28)
USA

F  only/
T (198)
Age (25-45) 

BL (all 4 Groups ):11.6 
-14.6ng/ml 
PT: (G1) 13.1 ng/ml  
,(G2) 13.8ng/ml , (G3) 
13.3ng/m;  ,(G4) : 14.1 
ng/ml
PV : (NS)

Four groups
(G1: 400, G2 800, G3 1600, or 
G4 2400 IU/d).
follow up after  

The recommended dietary 
allowance (RDA) suggested 
by the Institute of Medicine for 
young people is 600 IU daily. 

9.Gowda 2016, (29)
Australia

F:M(137:68)
/T(205)/
Age (18-55)

BL:(G1)(20-30) ng/ml 
L,(G2) 10-19.6ng/ml, and 
below 10ng/ml )G3)
PT :(G1)33.3±9, ( G2) 
28.4 ±9.34 ng/ml  (G3) 
and 28.3±
P V : NS

50,000 IU follow up for 52 wks 

High dose vitamin D3 50.000 
IU  is effective in achieving 
sufficient serum 25(OH)D 
among these populations who 
tend to have lower baseline 
serum 25(OH)D.

10. Green 2010, (30)
Canada

Female only 
/T(73)
Age (18-45)

BL: 30 ng/ml
PT : decline to 20ng/ml
PV of insufficiency (p < 
0.001)

200 IU twice/day  for 12 wks 

This study suggests an AI of 5 
µg (200 twice  IU daily ) may 
be inadequate for to allow for 
seasonal changes in sunlight 
exposure, and is unlikely 
sufficient for other populations 
with low sunlight exposure

Table1. Summary of the characteristics of the 16 studies that used different vitamin D3 regimes.
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Using these doses, an increment ranging from 11-28 
ng/ml with higher raise in lower baseline levels. Even 
though these regimens were associated with 1.5 to 6.5 
fold increase, it was recommended that maintenance 
dose (60.000IU) at 8 week was required and concluded 
that due to individual variations in response to therapy 
any given dose is unlikely to achieve optimal vitamin D 
status in all individuals.

Regimen3. Supplement with a single and multiple oral 
large dose

One study (29) evaluated an oral large dose of 
50.000 IU as single and multiple doses at 26-52 weeks. 
It assessed its effects on the three levels of vitamin D 
status (<25 nmol/l, 25-49 nmol/l and 50-75nmol/l). The 
increments were>50nmol/l, <25 nmol/l and < 10 nmol/l 
for the above mentioned 3 levels, respectively. The au-
thors concluded that the lower the baseline levels the 

proved that the difference in serum 25 (OH) D from the 
baseline was statistically significant and the increment 
was 22.6 and 31.5 nmol/l for the study cited as 21 and 
36, respectively. But, the optimal levels were achieved 
in only 35% of the participants. 

Regimen2. Supplement with oral single large dose
Three studies evaluated a single oral large dose, 

one study at 12 weeks (23) and other two at 4weeks 
(34, 35). A dose of 50.000, 60.000 and 100.000 IU 
increased serum level of 25(OH)D significantly with 
an increment ranging from 14.1 to 17ng/ml. However, 
this regimen was unable to raise or maintain adequate 
levels for 12 weeks. On the other hand, initial higher 
dose of 120.000, 180.000 and 200.000 IU were required 
to raise the 25(OH) D out of the deficiency range (>30 
nmol/l), while 52% of the participants achieved levels 
>30 ng/ml, more than 75% achieved levels > 50nmol/l. 

11.A. Gupta,
2010, (31)
india

F:M (12:17)/
(T):29/
MA, 28.4 ± 
6.4 

BL :18.9 ± 11.9ng/ml /  
PT 84.4 ± 34.9ng/ml /P:  
<0.0001

 60 000 IU /wk for 8 wks 

These findings support the 
need for improving the VD 
status of Asian Indians through 
dietary supplementation and 
exposure to sunshine

12.Harris
2011, (32)
Georgia

AGE: 19-50
BL : 13.7 ng/ml /   PT 
40.4 ± 6.6 ng/ml /PV:.02 

60,000 IU monthly for 16 wks 

Supplementation of 60,000 
IU monthly oral VD3 (~2000 
IU per day) for 16 weeks is 
effective at improving vascular 
endothelial function in African 
American adults.

13.Habib A 2012, (21)
Pakistan 

F:M (14:6)(
T(20)
MA: 27 ± 3.5 

BL: (14±6.4 )\ 
PT(10.6±4)ng/ml/(p < 
0.01)

IM 600,000 IU follow up after 
8 wks 

Single mega-dose of VD3 
achieved optimal levels of 
25OHD in 35% of subjects 
after eight weeks 

14.Mazahery 2015, (33)
Auckland

Female only 
/T(105)
/age(20-50)

BL in all 17.5 ng/ml /
PT  (50000):94%reach 
20ng/ml
PT  (100000_100% 
reach>30ng/ml
PV: .0002 

monthly either 50 000, 100 000 
IU vitamin D3 or placebo for 
26 wks 

Monthly 100 000 IU VD3 for 
26 weeks is more effective than 
50 000 IU in achieving serum-
25(OH)D⩾ 30 ng/ml; however, 
a third of women still did not 
achieve these levels.

15.Nowak 2016, (34)
Switzerland

F:M(64:56\
T(120)/ MA 
29±6 years,

ng/ml MC :14.±5.4
PV:<.001 single oral dose of 100,000 units 

VD3 treatment significantly 
improved fatigue in otherwise 
healthy persons with vitamin D 
deficiency

16.Saleh
2017, (35)
Switzerland

F:M 
(53:54)/T(107/
age (20–50)

BL (G1)(20-30) ng/ml 
&(g2)(>30 ng/ml)
15.7ng/ml (g1)  ,23.9 
±7.6 ng/ml MC: 
(g2)/  PV:<.001

a single 100,000 IU)

Administration of a single 
high dose of VD3 leads 
to a significant increase in 
concentrations of 25(OH)D, 
24,25(OH)2 D3

F: Female, M: male, T: total number NS: not specified, MA: mean age, L: low, M: moderate, H: high, BL: baseline, PT: post treatment, MC: mean 
change, PV: p value,  , 1 ng /ml = 2.496 nmol/l.

Oral Regime No of study Dosage (IU) used in the 16 intervention studies

Multiple large doses 6 25.000, 50.000, 60.000, 100.000, 200.000 

Single large dose 3 50.000, 60.000, 100.000, 120.000, 180.000, 200.000 ; weekly or monthly

Multiple small doses 3 200, 600, 2000, 7000, 12.500 

Single small dose 1 400, 800, 1600 or 2400, measurement at 0, 26, 52 weeks

Single large IM* dose 2 600.000 post measurement at 8 weeks
Combination of single and multiple 
large doses 1 50.000 once post measurement any time within 12 months, then 50.000/

week for 4 weeks, then 50.000 once / 4 weeks for 52 weeks
* IM = intramuscular injection.

Table2. Regime and dosage of oral vitamin D3 used in the 16 studies.
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higher the increment.

Regimen4. Supplement with multiple oral large dose
Six studies evaluated administration of multiple 

large doses. Four studies evaluated a dose of 60.000 IU 
at duration of 8 weeks (31), 12 weeks (24), 16 weeks 
(32) and 26 weeks (33). The investigators showed that 
these regimens were effective in normalizing the serum 
levels with the increment of 26.24 ng/ml, 23.5 ng/ml, 
26.68 ng/ml and 10.4 ng/ml, for the 8 weeks, 12 weeks, 
17.3 weeks and 26 weeks follow-up periods, respec-
tively. Interestingly, same dose was tested at different 
times with one month intervals, but unfortunately, no 
much data was concluded from those studies as they 
were intended to measure other parameters than vita-
min D. One study evaluated the dose (25.000, 50.000, 
100.000 and 200.000 IU) at zero week, 4 weeks and 8 
weeks (25). It proved that loading dose of 200.000 IU 
followed by a dose of 100.000 monthly was the best 
dosing schedule to quickly and safely correct vitamin 
D status.

One very interesting study evaluated two regimens 
of vitamin D (22). One regimen tested a dose of 50.000 
IU weekly for 8 weeks, then monthly for 2 months. 
Therapy was stopped for 2 months then resumed again 
every 2 weeks for total of 28 weeks. Second regime eva-
luated 7000 IU daily for 8 weeks, then 12,500 weekly 
for 8 weeks. Treatment was stopped for 8 weeks then 
resumed again 50.000 IU monthly for up to 28 weeks. 
No significant difference was found between the 2 regi-
mens except for the last step after resuming the therapy, 
where the fist regime led to significantly higher serum 
levels of 25(OH)D. This study proved that timing and 
frequency of dosing (daily vs weekly) had no effect on 
the rise in serum 25(OH)D levels as long as the accu-
mulative dose of Vitamin D3 is similar, thus, 50. 000 IU 
bimonthly is required to maintain sufficient 25(OH) D 
levels year round.

Regimen5. Supplement with multiple oral small dose
Three studies evaluated multiple small dose regi-

mens. A dose of 2000 IU daily for 20 weeks unable to 
correct the deficiency of vitamin D in 25 % of the par-
ticipants (37). Another study tested a dose of 200 IU 
twice daily for 12 weeks (30) and proved that the dose is 
inadequate to achieve optimal vitamin D levels. A third 
study assessed two doses of 800 and 1600 IU, given dai-
ly for 12 weeks. The increment in the mean serum levels 
was 7.2ng/ml and 11.61ng/ml, respectively. Although 
the serum level of 25(OH)D decreased during follow 
up, it remained above baseline (38). 

Regimen6. Supplement with a single oral small dose 
daily

One study tested 4 different small daily doses (400, 
800, 1600 or 2400 IU) for 52 weeks and proved that 
there was no difference in the increments between the 4 
tested doses (28).

Discussion

Vitamin D deficiency or insufficiency could be a 
concern not only in healthy children (39) or healthy el-
derly (40), but also in healthy adult subjects. Studies in-

vestigating the prevalence of vitamin D deficiency and 
the best therapeutic regimen to correct it in this latter 
age group are limited. Natural vitamin D serum levels, 
in healthy subjects living in a sunny environment, are 
between 40-70 ng/mL, however, higher level of more 
than 75 ng/ml is recommended to reduce the risk for 
diseases associated with the deficiency of this vitamin 
(41). However, several questions remain unanswered 
regarding this issue: What is best regimen for vitamin D 
deficiency? What is the best dose, the frequency and the 
route of administration to correct deficiency and main-
tain normal levels?

We conducted this systematic review to evaluate the 
influence of variable doses of vitamin D supplemen-
tation on serum 25(OH) D levels in healthy adults. In 
general, we found that the included intervention studies 
were very heterogeneous in terms of their designs, a fin-
ding which made comparison between them difficult. 
Many factors contributed to this heterogeneity such as; 
the amount of the dose (small, intermediate or large), 
the frequency of dosing (daily, weekly, monthly or year-
ly), albeit not the route since all studies used oral route 
except two studies that used intramuscular route (21, 
36). The sixteen RCTs included in our current review 
reported clinical trials of different regimens of vitamin 
D supplement. 

In the current review, supplement with single large 
dose of 600.000 IU IM injection optimized vitamin D 
serum levels only in 35% of the participants. In com-
parison, the single large oral doses (23, 34, 35), showed 
that the initial dose of 200.000 IU was best to elevate 
the 25(OH) D out of the deficiency range in all parti-
cipants, optimized the level (>20 ng/ml) in more than 
75%, while 52% achieved levels >30 ng/ml. Although 
these regimes associated with 1.5 to 6.5 fold increase, 
a maintenance dose was required at 8 weeks since such 
levels do not continue to rise. Interestingly, toxicity was 
not recorded. Our results are augmented by another 
study (29) that tested the effect of single and multiple 
oral large doses on the known levels of vitamin D sta-
tus and demonstrated that the lower the baseline levels 
the higher the increment. Our data are consistent with 
recent study, which showed that the target vitamin D 
serum level should be 20 - 24 ng/ml year round, with a 
conservative upper limit < 40 ng/ml (42). 

In the present study six studies evaluated multiple 
administration of large dose of 60.000 IU up to 24 
weeks. They proved that both dose and duration were 
effective in normalizing the serum levels. Scheck et al 
revealed that loading dose of 200.000 IU followed by 
a dose of 100.000 monthly was the best dosing sche-
dule to quickly and safely correct vitamin D status (25). 
One interesting study (22) evaluated two regimens of 
vitamin D3 and proved that timing and frequency of 
the dosing (daily vs weekly) have no different effect on 
optimizing serum 25(OH)D levels as long as the accu-
mulative dose of vitamin D3 was similar. Our results 
are consistent with another study showed that supple-
mentation with vitamin D3 was very effective in raising 
serum 25(OH) D concentrations with larger and more 
infrequent bolus dosages, but the effect was lost with 
small daily doses (43). On the other hand, we are unable 
to verify the different effects between oral and IM admi-
nistration of vitamin D3 by our current review since we 
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have only two articles using IM administration. 
In the current review there is agreement between 

all studies evaluating oral multiple small doses regi-
mens that the doses were inadequate to achieve opti-
mal vitamin D. Our results with small dose regimen are 
consistent with two recent studies. One study determine 
the efficacy of small daily vitamin D supplementation 
suggested that the subsequent changes in 25(OH) D 
levels were dependent on its baseline and body mass 
(44). Another study revealed that both 1800 IU/day cho-
lecalciferol can safely maintain vitamin D sufficiency 
in Chinese women, but higher doses are required with 
baseline concentration <75 nmol/L (45).

One of our intervention studies (22) showed that, in 
a fixed short period, no matter the dosage, the frequency 
or route of administration of vitamin D3 supplementa-
tion since the accumulative dose is the same and it pro-
duced significantly absolute increase of serum 25(OH) 
D from baseline and correct the hypovitaminosis. Thus, 
50 000 IU vitamin D3 bimonthly is required to maintain 
sufficient 25(OH)D levels year-round. In such study, 
we noticed that the maintenance dose was both high 
and more frequent compared to others (22). This result 
is consistent with another study done in healthy adult 
and elderly subjects with hypovitaminosis that showed; 
the frequent oral dose of 50.000 IU is more effective 
in correcting hypovitaminosis (46). One more of our 
studies showed that monthly dose of 100.000 IU vita-
min D for 6 months is more effective than 50.000 IU in 
achieving serum-25(OH) D⩾30 ng/ml; (33). This result 
is consistent with a recent RCT at 2017, which proved 
that vitamin D3 loading dose is superior, effective and 
safe in achieving higher vitamin D concentrations after 
weight loss surgery in vitamin D deficient morbidly 
obese patients (47).

Conversely, we did not assess the effects of these 
regimes across gender and ethnicity since the amount of 
vitamin D needed varies not only with age, but also with 
body weight, body fat, skin color, season, latitude, and 
sunning habits and almost all studies did not focus on 
those issues. However, there was a majority of females 
(69%, n=1214), which indicates that those reviewed stu-
dies could have high proportions of female participants.

Conclusion

In conclusion, in healthy adults and among all regi-
mens used, the most efficient, cost-effective and safe 
dose of vitamin D3 in raising serum 25(OH)D concen-
trations was a large bolus dose regardless whether it is 
a singleor multiple, oral or IM, ranging from 50.000 to 
600.000 IU, with the best dose being 200.000 IU orally 
or 600.000 IU parentally that followed by a maintenance 
dose of 50.000 IU with any dosing interval between 2 
to 4 weeks to keep optimal levels year round. Change 
in serum 25(OH) D concentration at any given dose is 
highly variable among individuals and depends on the 
baseline i.e. the lower the baseline the higher the incre-
ment.

References 

1. Rajakumar K. Vitamin D, cod-liver oil, sunlight, and rickets: a 
historical perspective. Pediatrics. 2003;112(2):e132-5.

2. Zipitis CS, Akobeng AK. Vitamin D supplementation in early 
childhood and risk of type 1 diabetes: a systematic review and meta-
analysis. Arch Dis Child. 2008;93(6):512-7.
3. Garadah TS, Hassan AB, Jaradat AA, Diab DE, Kalafalla HO, 
Kalifa AK, et al. Predictors of abnormal bone mass density in adult 
patients with homozygous sickle-cell disease. Clin Med Insights 
Endocrinol Diabetes.8:35-40.
4. Farahati J, Nagarajah J, Gilman E, Mahjoob S, Zohreh M, Ro-
senbaum-Krumme S, et al. Ethnicity, Clothing Style, and Body Mass 
Index are Significant Predictors of Vitamin D Insufficiency in Ger-
many. Endocr Pract.21(2):122-7.
5. Farid E, Jaradat AA, Al-Segai O, Hassan AB. Prevalence of Vi-
tamin D Deficiency in Adult Patients with Systemic Lupus Erythe-
matosus in Kingdom of Bahrain. Egypt J Immunol.24(2):1-8.
6. Manoy P, Yuktanandana P, Tanavalee A, Anomasiri W, Ngarmu-
kos S, Tanpowpong T, et al. Vitamin D Supplementation Improves 
Quality of Life and Physical Performance in Osteoarthritis Patients. 
Nutrients.9(8).
7. Oliveira SR, Simao ANC, Alfieri DF, Flauzino T, Kallaur AP, 
Mezzaroba L, et al. Vitamin D deficiency is associated with disa-
bility and disease progression in multiple sclerosis patients inde-
pendently of oxidative and nitrosative stress. J Neurol Sci.381:213-
9.
8. Pilz S, Gaksch M, Kienreich K, Grubler M, Verheyen N, Fahr-
leitner-Pammer A, et al. Effects of vitamin D on blood pressure and 
cardiovascular risk factors: a randomized controlled trial. Hyperten-
sion. 2015;65(6):1195-201.
9. Barreto SG, Neale RE. Vitamin D and pancreatic cancer. Cancer 
Lett. 2015;368(1):1-6.
10. Arul Vijaya Vani S, Ananthanarayanan PH, Kadambari D, Hari-
chandrakumar KT, Niranjjan R, Nandeesha H. Effects of vitamin D 
and calcium supplementation on side effects profile in patients of 
breast cancer treated with letrozole. Clin Chim Acta. 2016;459:53-6.
11. Bolland MJ, Grey A, Avenell A. Effects of vitamin D supple-
mentation on musculoskeletal health: a systematic review, meta-
analysis, and trial sequential analysis. Lancet Diabetes Endocrinol. 
2018.
12. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clin-
ton SK, et al. The 2011 report on dietary reference intakes for cal-
cium and vitamin D from the Institute of Medicine: what clinicians 
need to know. J Clin Endocrinol Metab.96(1):53-8.
13. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, 
Hanley DA, Heaney RP, et al. Evaluation, treatment, and prevention 
of vitamin D deficiency: an Endocrine Society clinical practice gui-
deline. J Clin Endocrinol Metab.96(7):1911-30.
14. Adami S, Romagnoli E, Carnevale V, Scillitani A, Giusti A, Ros-
sini M, et al. [Guidelines on prevention and treatment of vitamin 
D deficiency. Italian Society for Osteoporosis, Mineral Metabolism 
and Bone Diseases (SIOMMMS)]. Reumatismo.63(3):129-47.
15. Battault S, Whiting SJ, Peltier SL, Sadrin S, Gerber G, Maixent 
JM. Vitamin D metabolism, functions and needs: from science to 
health claims. Eur J Nutr. 2013;52(2):429-41.
16. Webb AR, Engelsen O. Calculated ultraviolet exposure levels for 
a healthy vitamin D status. Photochem Photobiol. 2006;82(6):1697-
703.
17. Webb AR, Kazantzidis A, Kift RC, Farrar MD, Wilkinson J, 
Rhodes LE. Meeting Vitamin D Requirements in White Caucasians 
at UK Latitudes: Providing a Choice. Nutrients.10(4).
18. Cannell JJ, Hollis BW. Use of vitamin D in clinical practice. 
Altern Med Rev. 2008;13(1):6-20.
19. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, 
Hanley DA, Heaney RP, et al. Guidelines for preventing and treating 
vitamin D deficiency and insufficiency revisited. J Clin Endocrinol 
Metab. 2012;97(4):1153-8.



14

Vitamin D regimen in adults.

Cell Mol Biol (Noisy le Grand) 2018 | Volume 64 | Issue 14

Adla Bakri Hassan et al.

20. Cross HS, Kallay E. Regulation of the colonic vitamin D sys-
tem for prevention of tumor progression: an update. Future Oncol. 
2009;5(4):493-507.
21. Khan AH, Rohra DK, Saghir SA, Udani SK, Wood R, Jabbar 
A. Response of a single 'mega intramuscular dose' of vitamin D on 
serum 25OHD and parathyroid hormone levels. J Coll Physicians 
Surg Pak. 2012;22(4):207-12.
22. Khawaja N, Liswi M, El-Khateeb M, Hyassat D, Bajawi D, El-
mohtaseb M, et al. Vitamin D Dosing Strategies Among Jordanians 
With Hypovitaminosis D. J Pharm Pract. 2017;30(2):172-9.
23. Priyambada L, Bhatia V, Singh N, Bhatia E. Serum 25 hydroxy-
vitamin D profile after single large oral doses of cholecalciferol 
(vitamin D3) in medical staff in North India: a pilot study. J Postgrad 
Med. 2014;60(1):52-6.
24. Rana P, Marwaha RK, Kumar P, Narang A, Devi MM, Tripathi 
RP, et al. Effect of vitamin D supplementation on muscle energy 
phospho-metabolites: a (3)(1)P magnetic resonance spectroscopy-
based pilot study. Endocr Res. 2014;39(4):152-6.
25. Schleck ML, Souberbielle JC, Jandrain B, Da Silva S, De Niet 
S, Vanderbist F, et al. A Randomized, Double-Blind, Parallel Study 
to Evaluate the Dose-Response of Three Different Vitamin D Treat-
ment Schemes on the 25-Hydroxyvitamin D Serum Concentration in 
Patients with Vitamin D Deficiency. Nutrients. 2015;7(7):5413-22.
26. Yao P, Lu L, Hu Y, Liu G, Chen X, Sun L, et al. A dose-response 
study of vitamin D3 supplementation in healthy Chinese: a 5-arm 
randomized, placebo-controlled trial. Eur J Nutr. 2016;55(1):383-
92.
27. Cipriani C, Romagnoli E, Scillitani A, Chiodini I, Clerico R, 
Carnevale V, et al. Effect of a single oral dose of 600,000 IU of 
cholecalciferol on serum calciotropic hormones in young subjects 
with vitamin D deficiency: a prospective intervention study. J Clin 
Endocrinol Metab. 2010;95(10):4771-7.
28. Gallagher JC, Jindal PS, Smith LM. Vitamin D supplementation 
in young White and African American women. J Bone Miner Res. 
2014;29(1):173-81.
29. Gowda U, Ruwanpathirana T, Fong DP, Kaur A, Renzaho AM. 
Efficacy of high dose Vitamin D supplementation in improving se-
rum 25(OH)D among migrant and non migrant population: a retros-
pective study. BMC Health Serv Res. 2016;16(1):579.
30. Green TJ, Skeaff CM, Rockell JE. Milk fortified with the current 
adequate intake for vitamin D (5 microg) increases serum 25-hy-
droxyvitamin D compared to control milk but is not sufficient to 
prevent a seasonal decline in young women. Asia Pac J Clin Nutr. 
2010;19(2):195-9.
31. Gupta A, Gupta N, Singh N, Goswami R. Presence of impaired 
intestinal calcium absorption in chronic hypovitaminosis D and its 
change after cholecalciferol supplementation: assessment by the cal-
cium load test. J Hum Nutr Diet. 2010;23(1):54-60.
32. Harris RA, Pedersen-White J, Guo DH, Stallmann-Jorgensen IS, 
Keeton D, Huang Y, et al. Vitamin D3 supplementation for 16 weeks 
improves flow-mediated dilation in overweight African-American 
adults. Am J Hypertens. 2011;24(5):557-62.
33. Mazahery H, Stonehouse W, von Hurst PR. The effect of month-
ly 50,000 IU or 100,000 IU vitamin D supplements on vitamin D 
status in premenopausal Middle Eastern women living in Auckland. 

Eur J Clin Nutr. 2015;69(3):367-72.
34. Nowak A, Boesch L, Andres E, Battegay E, Hornemann T, 
Schmid C, et al. Effect of vitamin D3 on self-perceived fatigue: A 
double-blind randomized placebo-controlled trial. Medicine (Balti-
more). 2016;95(52):e5353.
35. Saleh L, Tang J, Gawinecka J, Boesch L, Fraser WD, von 
Eckardstein A, et al. Impact of a single oral dose of 100,000 IU 
vitamin D3 on profiles of serum 25(OH)D3 and its metabolites 
24,25(OH)2D3, 3-epi-25(OH)D3, and 1,25(OH)2D3 in adults with 
vitamin D insufficiency. Clin Chem Lab Med. 2017;55(12):1912-21.
36. Khan AH, Rohra DK, Saghir SA, Udani SK, Wood RJ, Jabbar 
A. No change in calcium absorption in adult Pakistani population 
before and after vitamin D administration using strontium as surro-
gate. Osteoporos Int. 2013;24(3):1057-62.
37. Yao P, Sun L, Lu L, Ding H, Chen X, Tang L, et al. Effects of 
Genetic and Nongenetic Factors on Total and Bioavailable 25(OH)D 
Responses to Vitamin D Supplementation. J Clin Endocrinol Metab. 
2017;102(1):100-10.
38. Osmancevic A, Demeke T, Gillstedt M, Angesjo E, Sinclair H, 
Abd El-Gawad G, et al. Vitamin D treatment in Somali women li-
ving in Sweden - Two randomized, placebo-controlled studies. Clin 
Endocrinol (Oxf). 2016;85(4):535-43.
39. Dawodu A, Dawson KP, Amirlak I, Kochiyil J, Agarwal M, 
Badrinath P. Diet, clothing, sunshine exposure and micronutrient 
status of Arab infants and young children. Ann Trop Paediatr. 
2001;21(1):39-44.
40. Larrosa M, Gratacos J, Vaqueiro M, Prat M, Campos F, Roque 
M. [Prevalence of hypovitaminosis D in elderly institutionalized 
residents: influence of a substitutive treatment]. Med Clin (Barc). 
2001;117(16):611-4.
41. Vieth R. Why the minimum desirable serum 25-hydroxyvitamin 
D level should be 75 nmol/L (30 ng/ml). Best Pract Res Clin Endo-
crinol Metab.25(4):681-91.
42. Duque G, Daly RM, Sanders K, Kiel DP. Vitamin D, bones and 
muscle: myth versus reality. Australas J Ageing.36 Suppl 1:8-13.
43. Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, Penson S, 
et al. Comparison of vitamin D2 and vitamin D3 supplementation in 
raising serum 25-hydroxyvitamin D status: a systematic review and 
meta-analysis. Am J Clin Nutr. 2012;95(6):1357-64.
44. Gasier HG, Gaffney-Stomberg E, Young CR, McAdams DC, 
Lutz LJ, McClung JP. The efficacy of vitamin D supplementation 
during a prolonged submarine patrol. Calcif Tissue Int.95(3):229-
39.
45. Venugopal Y, Hatta S, Musa N, Rahman SA, Ratnasingam J, Pa-
ramasivam SS, et al. Maintenance vitamin D3 dosage requirements 
in Chinese women with post menopausal osteoporosis living in the 
tropics. Asia Pac J Clin Nutr. 2017;26(3):412-20.
46. Verrusio W, Andreozzi P, Summa ML, Marigliano V, Gueli N, 
Cacciafesta M. Hypovitaminosis D: which oral supplement therapy? 
J Nutr Health Aging. 2014;18(4):449-50.
47. Luger M, Kruschitz R, Kienbacher C, Traussnigg S, Lan-
ger FB, Prager G, et al. Vitamin D3 Loading Is Superior to Conven-
tional Supplementation After Weight Loss Surgery in Vitamin D-
Deficient Morbidly Obese Patients: a Double-Blind Randomized 
Placebo-Controlled Trial. Obes Surg. 2017;27(5):1196-207.


