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Background: In a period when Swedish clinical guidelines for vitamin D supplementation remained without consensus, we aimed to determine the effect of different doses of cholecalciferol on vitamin D status. This open partly randomized controlled trial was conducted during September 2011─May 2012 at the Umeå University Hospital  Clinical Research Centre and monitored by the Clinical Trial Unit of Region Västerbotten, Sweden. 
Methods: Participants were healthy Middle East and African immigrants aged 25-64 years living in Northern Sweden and 92% (n=147) completed the study. The intervention was oral vitamin D3 (cholecalciferol) supplementation over 12 weeks. The pharmaceutical product (PP) was a solution. One ml (30 drops) contained 0.5 mg cholecalciferol, equivalent to 20,000 IU (667 IU/drop). The company Renapharma Ltd, Uppsala, Sweden, donated the PP, but had no input on the planning or performance of the study, nor on the analyses or evaluations of results. The PP was delivered to Apoteket Farmaci Ltd, authorized by the Swedish Medical Products Agency, and was labelled and dispensed by the pharmacy at Umeå University Hospital.
Group 1: Baseline serum 25(OH)D level < 25nmol/L, treatment 10,000 IU/day; 
Group 2a: Baseline serum 25(OH)D level 25−49nmol/L, treatment 2000 IU/day ; 
Group 2b: Baseline serum 25(OH)D level 25−49nmol/L, treatment 2000 IU/week; 
Group 3: Baseline serum 25(OH)D level 50−74nmol/L, treatment 2000IU/day. 
Participants with initial 25(OH)D level 25−49nmol/L were consecutively and randomly allocated 1:1 to two Group 2a or Group 2b. 
The main outcomes were changes of serum 25(OH)D concentrations and proportions who reached 25(OH)D ≥75nmol/L and ≥50nmol/L.
Results: Results according to treatment per protocol are reported. Analyses per intention to treat methodology including additional 8 subjects who provided measurements of serum 25(OH)D at end of the study showed substantially the same results.
Mean serum 25(OH)D concentrations increased in all groups (p<0.001) (Table 4).
The most marked increase was seen in Group 1, where all participants attained ≥75 nmol/L, and 10 out of 16 subjects achieved >125 nmol/L, with a maximum of 197 nmol/L. 
In Group 2a, 24 participants bout of 54 (44%), and in Group 2b, one participant out of 49, reached ≥75 nmol/L. 
In Group 2a, 48 participants out of 54 (89%), and in Group 2b, 27 participants out of 49 (55%), reached ≥50 nmol/L.
In group 3, 20 participants out of 28 (71%) attained ≥75 nmol/L.
The change in serum 25(OH)D concentrations differed between all pairs of groups (p<0.001). From the same baseline level the increase was larger at a higher dose, as shown by comparing Group 2a with Group 2b, and at the same dose the increase in serum 25(OH)D  was significantly greater from a lower baseline level (Group 2a vs Group3) (Table 4).  
The increase in 25(OH)D was positively related to dose and negatively to base line level and the increase by dose was inversely related to both dose and baseline level (p<0.001) (Table 5).
Adverse events and other remarks: The discontinuation rate was highest in Group 1 (Table 3). In this group there was one suspected serious AE, with mental agitation and confusion in a subject who failed to follow the treatment regimen and exceeded the stated dose with several double doses during the first 10 days. However, it could not be determined whether the acute symptoms were due to a rapid increase to high serum 25(OH)D levels or to other causes such as concomitant use and change of anti-depressive medication. Blood testing could not be performed until after five weeks after discontinuation, i.e. the double half-life time of serum 25(OH)D, and at that time point serum 25(OH)D was 62 nmol/L. This may indicate a considerably higher level at the time of the acute symptoms. The waste majority of the other AEs were miscellaneous and mild without any clear pattern, while four were due to other causes or conditions that were known before the study. Out of the 41 AEs, 8, 19, 12 and 5 were reported in Group 1, Group 2a, Group 2b and Group 3, respectively. This could be contrasted to the number of study participants who completed the study, namely 16, 54, 49 and 28, respectively. Levels of serum creatinine and serum calcium were within reference levels in all subjects.
The dispensed doses were estimated to suffice for the treatment period. Despite this, one person in G1 and seven in each of G2a and G3 requested extra bottles of the PP. It was observed that the drops fell irregularly and were difficult to count. This might have led to other than recommended intake of the Pharmaceutical product.
Conclusions: Cholecalciferol supplementation at 2000 IU/day for three months is safe in healthy individuals with initial 25(OH)D concentrations 25−49 nmol/L, but monitoring is warranted since 11% did not attain an adequate level. The dose of 10,000 IU/day is too high in patients with initial 25(OH)D <25 nmol/L. 
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[image: ]SAE: Serious adverse event. AE: adverse event

Table 1. Inclusion and exclusion criteria of the open clinical trial with vitamin D supplementation.
	Inclusion criteria
	Exclusion criteria

	Serum 25(OD)D < 75 nmol/L
	Allergy towards cholecalciferol, coconut oil, palm oil, rubber

	Men and women
	Serum 25(OD)D ≥75 nmol/L

	Age 25-65
	Albumin corrected serum Calcium ≥2.65 mmol/L

	Born in Middle East or Africa
	Serum creatinine >130 mmol/L

	Immigrant in Sweden
	History of kidney stone or nefrocalcinosis

	Live in Umea, latitude 63° N
	History of sarcoidosis or other granulomatous disease

	
	Known malignant disease

	
	Ongoing medication: Phenytoin, Barbiturates, Rifampicin, Isoniazid, Thiazides, heart glucosides, Etalpha, Ergocalciferol, Dygratyl, medications to reduce absorption of digested lipids (Orlistat), glucocorticoids.

	
	Ongoing medication that cannot be stopped at the screening visit: albumin-containing agents, preparations containing omega-3, vitamin D, calcium

	
	Immobilization

	
	Other medical conditions that preclude participation in the trial as assessed by the principal investigator

	
	Serum 25(OD)D  <25 nmol/L in a pregnant woman

	
	Breastfeeding woman


Table 2. Baseline characteristics of the study participants who completed the study. 
	
	Men
N=73
	Women
N=74
	  P  

	Age, years (mean, SD)
	42.5, ±11.4
	40.8, ±10.2
	ns

	BMI (mean, SD)
	26.6, ±3.8
	26.7, ±4.5
	ns

	Origin (n, %)
	
	
	ns

	   Africa
	 41 (56)
	   41 (55)
	

	   Middle East
	32 (44)
	33 (45)
	

	Years since migration (mean, SD)
	15.9, ±10.5
	15.7, ±9.5
	ns

	Civil status, married/cohabiting (n, %)
	53 (73)
	57 (78)
	ns

	Education, yrs of schooling (n, %)
	
	
	ns

	   < 7
	1 (1)
	8 (11)
	

	   7-9 
	5 (7)
	5 (7)
	

	  10-12 
	22 (30)
	21 (28)
	

	  ≥ 13
	45 (62)
	40 (54)
	

	Occupation (n, %)
	
	
	ns

	   Working
	49 (67)
	41 (55)
	

	   Studying
	13 (18)
	18 (24)
	

	   Job applicant
	6 (8)
	7 (10)
	

	   Disability pension/social allowance
	5 (7)
	8 (11)
	






Table 3. Groups in the study population, included subjects,  baseline serum 25(OH)D Levels, doses and discontinuations
	Group
	Subjects
(n)
	Baseline 25(OH)D
(nmol/L)
	Cholecalciferol dose
	Discontinuations (n)

	Group 1
	23
	< 25 
	10.000 IU/day
	7

	Group 2a
	56
	25-49
	2000 IU/day
	2

	Group 2b
	50
	25-49
	2000 IU/week
	1

	Group 3
	31
	50-74 
	2000 IU/day
	3












Table 4. Levels of serum 25(OH)D at baseline, study End, and change of serum 25(OH)D concentration, as well as treatment response by dose and p for Difference between the two Groups with same baseline Level but different Doses, and with different Baseline Levels but the same Dose 
	Group, n
Dose

	25(OD)D
Baseline
nmol/L
mean
SD
	25(OD)D
End
nmol/L
mean 
SD
	25(OD)D
End
nmol/L
 range
	25(OD)D
Change
nmol/L
mean
(range)
	
p for
change
	25(OD)D
Change/dose
(nmol/L)/(µg/d)
mean
(range)
	
p for
diff

	Group 1, n=16
10,000 IU/day
	19.7
±4.0
	140.8
±31.9
	87–197
	121.1
(63–178)
	<0.001
	0.48
(0.25–0.71)
	n.a.

	Group 2a, n=54
2000 IU/day
	34.4
±6.5
	72.5
±14.6
	40–101
	38.1
(10–65)
	<0.001
	0.76
(0.2–1.3)
	n.a.

	Group 2b, n=49
2000 IU/week
	38.7
±6.5
	52.3
±9.9
	36–91
	13.6
(-8–64)
	<0.001
	1.91
(-1.12–8.96)
	<0.001
*

	Group 3, n=28
2000 IU/day
	58.7
±6.3
	81.0
±14.8
	46–112
	22.3
(-15–62)
	<0.001
	0.45
(-0.3–1.24) 
	<0.001
**


* p for difference between groups 2a and 2b 
** p for difference between groups 2a and 3




Table 5. Results of multiple linear regression identified predictors of change in serum 25(OH)D level and of treatment response by daily dose of Cholecalciferol. 
	
	Change of 25(OH)D
(nmol/L)
	Change of 25(OH)D by dose cholecalciferol 
[(nmol/L)/(µg/d)]

	
	B
	95% CI
	p
	B
	95% CI
	p

	Base line 25(OH)D, nmol/L
	-0.62
	-0.85 ─ -0.39
	<0.001
	-0.04
	-0.06 ─ -0.03
	<0.001

	Cholecalciferol, µg/day
	0.40
	0.35 ─ 0.43
	<0.001
	-0.009
	.0.011 ─ -0.006
	<0.001

	BMI, kg/m2
	-0.79
	-1.41 ─ -0.17
	0.013
	
	
	ns

	Sex, ref: men
	6.41
	1.23 ─ 11.58
	0.016
	
	
	ns

	Age, years
	
	
	ns
	
	
	ns
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