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Summary
We report results of a pilot study of high-dose vitamin D in sickle cell disease (SCD). Subjects
were followed for 6 months after receiving a six-week course of oral high-dose cholecalciferol or
placebo. Vitamin D insufficiency and deficiency was present at baseline in 82.5% and 52.5% of
subjects, respectively. Subjects who received high-dose vitamin D achieved higher serum 25-
hydroxyvitamin D, experienced fewer pain days per week, and had higher physical activity
quality-of-life scores. These findings suggest a potential benefit of vitamin D in reducing the
number of pain days in SCD. Larger prospective studies with longer duration are needed to
confirm these effects.
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Individuals with sickle cell disease (SCD) develop daily chronic pain with age (McClish et
al, 2009). Its aetiology is multi-factorial and includes vaso-occlusive bone infarction,
peripheral nerve injury, central pain sensitization, and hyperalgesia syndrome from
prolonged high-dose opioid use (Smith & Scherer, 2010). Vitamin D deficiency (VDD) is
emerging as a significant public health concern for individuals with SCD (Goodman et al,
2010), We recently reported an association between VDD and chronic pain in a cohort of
severely affected children with SCD (Osunkwo et al, 2011). A case of dramatic
improvement in sickle chronic pain following high-dose vitamin D supplementation has also
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been described (Osunkwo, 2011). This pilot study aimed to determine the correlation
between VDD and chronic pain and evaluate the safety and efficacy of high-dose vitamin D
in reducing chronic pain in paediatric SCD.

Design and Methods
In accordance with the Declaration of Helsinki and with Emory University Institutional
Review Board approval, written informed consent/assent was obtained prior to any study
procedures. Forty-six SCD subjects (7–21 years) were enrolled during steady state i.e. ≥30
days from blood transfusion, ≥14 days from any acute sickle complication. Exclusions
included chronic transfusion therapy, serum creatinine >132μmol/l, alanine transaminase >3
× upper limit of normal, malabsorption, serum calcium <2.0 or >2.75 mmol/l, prior
treatment for VDD, oral steroids, thiazide diuretics, depot medroxyprogesterone acetate,
phenobarbital or phosphenytoin. A pain diary was completed daily for 30 days and
continued for six-months (Dampier et al, 2002). Subjects had “chronic pain” if baseline pain
diary documented scores ≥1 (out of a maximum of 10) on ≥50% days irrespective of
numerical pain scores on any given day. Subjects were stratified by chronic pain status at
randomization to receive either high-dose vitamin D (cholecalciferol, BTR Group Inc,
Pittsfield IL, USA) or placebo, dosed according to weight (240,000–600,000 iu) and given
over 6 weeks. To ensure no subject developed severe VDD during the trial, they received an
oral daily supplement containing 500 mg calcium and 200 iu vitamin D (Lang Naturals Inc.,
Newport RI) for six months. Serial blood samples for serum 25-hydroxyvitamin D (25OHD)
concentrations were obtained at baseline, weeks 8, 16 and 24, stored frozen at −80°C and
analysed in one batch at the end of the study.

Serum 25OHD concentrations were determined using IDS-iDSYS immunoassay (IDS, Inc;
Fountain Hills, AZ); intra- and inter-assay coefficient of variance was 1.8–4.0% and 10.1–
13.0%, respectively. Participation in the vitamin D external quality assessment scheme
(DEQAS, site #606) ensured assay quality control. Serum 25OHD <50 nmol/l indicated
VDD and <75 nmol/L represented vitamin D insufficiency (Holick et al, 2011). The
Pediatric Quality of Life Inventory (PedsQL™) version 4.0 was administered at each study
visit with weekly phone contact to encourage compliance with pain diary completion and
return. Adverse events were monitored under a Data Safety Monitoring Board. Specific
questions were used to elicit symptoms of hypocalcaemia (peri-oral tingling, lip/extremity
twitching, hands/large muscle group spasms). Statistical tests were performed using SAS 9.2
(Cary, NC) and significance was assessed at 5%. Due to the longitudinal nature of the data
and presence of missing values, repeated measures analyses were conducted using the
MIXED procedure in SAS. Spearman's rank correlation coefficient was used to quantify the
relationship between PedsQL scores with 25OHD concentrations and pain days. Two-way
analysis of variance models compared PedsQL scores between treatment groups over time.

Results
Thirty-nine randomized subjects were evaluable (59% female); 7 withdrew before
randomization (inconvenience (2), unable to swallow pills (1), relocation (3), medical
exclusion (1)). Twenty-five subjects completed the full 6-months of follow-up. Table SI and
Figure S1 detail the study design and vitamin D dosing. Four pain diaries were administered:
Diary 1 collected data for the first 30 days; Diaries 2–4 each collected data for 60 days. All
subjects returned Diary 1, 74% returned Diaries 1 and 2 while 54% returned Diaries 1, 2 and
3. Two subjects returned empty diaries. Compliance with pain diary completion was
82.4±18.1% and comparable to previous reports (Dampier et al, 2002). Table I summarizes
baseline characteristics of all participants and each treatment group. Seventeen percent of
subjects were vitamin D sufficient at baseline (serum 25OHD ≥75 nmol/l). Subjects
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experienced 8.6±8.5 pain days in the 30 days prior to randomization; 25% reported pain on
≥50% of diary days and were classified as having “chronic pain”. As expected, subjects with
“chronic pain” spent more time in the hospital and had more emergency department (ED)
visits for pain compared to those with “no chronic pain”. There was a modest trend towards
lower baseline physical activity PedsQL scores among those with “chronic pain” (p=0.11).

Mean serum 25OHD concentrations increased significantly in the vitamin D group at weeks
8 and 16 (p=0.012 and 0.03, respectively) with a trend towards significance at week 24
(p=0.057). There was a significant negative correlation (r=−0.68, 95% CI [−0.9, 0.1])
between serum 25OHD concentrations and the number of pain days per week in the vitamin
D group at week 8 with a trend towards significance at week 16 (r=−0.54, 95% CI
[−0.9,0.3], Figure 1a). Over the first 16 weeks of the study, there was a distinct trend
towards fewer pain days between visits in the vitamin D group that failed to reach statistical
significance due to the small sample size (Figure 1b). Serum 25OHD concentrations
correlated positively with improved physical functioning PedsQL scores (r=0.219, 95% CI
[0.01,0.4]). In contrast, the number of pain days correlated negatively with physical
functioning PedsQL (r=−0.246 95% CI [−0.4,−0.04]) as subjects who experienced more
days with pain demonstrated reduced physical functioning. There were no significant
differences in mean PedsQL component scores between treatment groups over time for any
other subscale measured.

Discussion
Pain remains the leading cause of morbidity and healthcare utilization for individuals with
SCD (Smith et al, 2010). A quantitative reduction in the daily pain experience is urgently
needed to significantly improve quality of life for these patients (Dampier et al, 2010; van
Tuijn et al, 2010). Approximately 82.5% of subjects study were vitamin D insufficient and
>52% were vitamin D deficient. Contrary to our expectation, 25OHD concentrations did not
correlate significantly with chronic pain status or PedsQL scores at baseline in this cohort.

Though the evidence is somewhat limited, several studies showed an association between
VDD and chronic pain syndromes as well as reports of improved pain symptoms and
decreased analgesic use with vitamin D supplementation (Atherton et al, 2009; Gloth &
Greenough, 2004; Holick, 2006; Lofti et al, 2007; Osunkwo, 2011; Straube et al, 2010). This
pilot study aimed to evaluate the clinical efficacy of high-dose vitamin D in improving
chronic pain in paediatric SCD. There was a notable reduction in the number of pain days
during the period of peak serum 25OHD concentrations that was supported by evidence of
improved physical functioning. These results provide preliminary evidence for fewer days
with pain, concurrent with a rise in serum 25OHD concentrations in SCD with the peak
effect occurring when serum 25OHD concentrations exceeded 75 nmol/l. However, the
effect of vitamin D on the number of pain days was not dependent on baseline vitamin D
status. This implies that vitamin D therapy may still be beneficial even in chronic pain
patients who have adequate serum 25OHD concentrations (up to 75 nmol/l).

The mechanisms by which vitamin D modulates pain remain unclear and may be a result of
direct nervous system effects or indirectly from improved bone health (Gloth& Greenough,
2004; Holick, 2006). Impaired bone mineralization allows the osteoid matrix to absorb fluid
and expand, causing outward pressure on the highly innervated periosteal tissues resulting in
pain syndromes (Reginato et al, 1999). While the optimal dose of vitamin D for chronic pain
is unknown, higher doses (up to 600,000 iu) over 6 weeks were safe and necessary to restore
vitamin D status in this pilot. Our results also suggest the need for either pulsed dosing of
vitamin D therapy or higher maintenance doses to sustain optimal serum 25OHD
concentrations above 75nmol/L. Incorporating regular weekly or monthly doses under
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healthcare supervision may be an effective strategy to sustain adequate vitamin D status in
SCD patients throughout the year while ensuring reasonable adherence and should be the
subject of future studies.

Adolescents with SCD experience more disease complications with age that is often
associated with declining PedsQL scores with age (Dampier et al, 2010; Smith et al, 2010).
Physical activity PedsQL scores increased in response to reduced pain in the vitamin D
group, supporting vitamin D's role in musculoskeletal health. The small sample size and
short study duration were limitations of this study; however, our results support the rationale
for larger longitudinal studies to determine whether maintenance of optimal vitamin D status
for prolonged periods will improve SCD pain. The use of bound paper diaries was quite
cumbersome for study participants and partly accounted for the high dropout rate. Emerging
technology using electronic diary capture tools will be essential to accurately assess daily
pain with more ease in a longitudinal study. The reasons for more dropouts in the placebo
arm remain elusive and should be addressed in future studies.

In summary, these results suggest an improvement in both pain (clinical outcome) and
quality of life (functional outcome) in response to a short pulse of high dose vitamin D in
children and adolescents with SCD and the need to maintain optimal 25OHD concentrations
over time to sustain this benefit. Larger longitudinal randomized controlled studies are
needed to confirm the efficacy of optimizing vitamin D status on reducing SCD pain while
improving physical functioning and will help guide the role for vitamin D as a component of
chronic pain therapy in SCD.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
[a]: The scatter plot depicts the relationship between serum 25OHD concentrations (nmol/l)
with the number of pain days for the vitamin D group (dark circles, bold line) and placebo
group (open circles, dotted line) at week 8. The slope of the regression lines representing the
strength of the relationship between 25OHD and number of pain days varied at each time
point in the study. Serum 25OHD concentrations correlated negatively with the number of
pain days at week 8 (r = −0.680 95% CI [−0.903, −0.102], p=0.019) for vitamin D group
compared to the placebo group (r = −0.403 95% CI [−0.816, −0.324], p=0.258)
[b]: There was a distinct trend towards fewer pain days between visits over the first 16
weeks of the study in the vitamin D group. Although this change did not reach statistical
significance due to the small sample size, it is in contrast to the sporadic fluctuation in the
number of pain days seen in the placebo group over the same time period.
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Table I

Baseline characteristics of total study population and by randomization group (vitamin D/placebo). 46 subjects
were enrolled: 39 randomized subjects had SS homozygous sickle cell disease.

Baseline Characteristics Enrolled Subjects (n =
46)

Randomized
P value

Vitamin D (n = 20) Placebo (n = 19)

Age (years) 13.2 ± 3.1 12.9 ± 0.6 13.2 ± 0.8 0.722

Gender (Male: Female) 19:27 9:11 7:12 0.616

Genotype

  SS 29 12 12 ns

  Sß0 - thal 2 1 1

  Sß+ - thal 10 4 5

  SC 5 3 1

Pain Status

  Chronic pain (n =11) 11 6 5 ns

  No chronic pain (n = 28) 29 14 14

Pain Days at Randomization 8.6 ± 8.5 7.7 ± 7.2 10.1 ± 9.7 0.379

Complications

Number of ED visits for pain in prior 12 months 0.68 ± 0.94 0.59 ± 0.94 0.67 ± 0.67 0.816

Number of hospitalized days with pain in prior 12
months

6.5 ± 19.6 5.7 ± 2.1 6.2 ± 2.3 0.870

Baseline laboratory indices

  25 hydroxyvitamin D (nmol/l) 51.4 ± 19.7 55.2 ± 19 50.4 ± 20.5 0.476

  Calcium (mmol/l) 2.325 ± 0.03 2.325 ± 0.03 2.325 ± 0.03 0.958

  Alkaline phosphatase (u/l) 177 ± 72 182.5 ± 17.5 185.6 ± 18.6 0.907

Health Related QOL

  Physical Activity 71.9 ± 18.3 -- -- --

  School Functioning 55 ± 19.1 -- -- --

Sß0 – thal, sickle beta zero thalassaemia; Sß+ - thai, sickle beta plus thalassaemia; SC, haemoglobin SC disease; AVN, avascular necrosis; ED,
emergency department; QOL, quality of life.
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