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Calcitriol (1 alpha, 25-dihydroxy vitamin D3) is a good vitamin D supplement but can cause hypercalcemia.
Whereas, 22-oxa-1 alpha, 25-dihydroxy vitamin D3 (22-oxa-calcitriol) has less hypercalcemic activity than cal-
citriol and is reported to be effective for cell-proliferative diseases. The objective of the study was to compare
renal function and blood tests of arthritis patients receiving calcitriol supplements with those receiving 22-oxa-
calcitriol supplements.

A total of 369 patients with clinically confirmed rheumatoid arthritis were included in this phase Il trial. Patients
received lactose powder (the placebo group, n=123), 50 000 |U/week of 22-oxa-calcitriol (the treatment group,
n=123), or 50 000 IU/week of calcitriol (the control group, n=123) for 6 weeks. At the time of enrollment and
after 6 weeks of supplementation, renal function tests, blood tests, and secondary outcome measures were
evaluated. One-way ANOVA and the chi-squared test for independence were performed for continuous data
and constant data at a 95% of confidence level.

Both 22-oxa-calcitriol and calcitriol successfully decreased swollen joints in patients with rheumatoid arthritis,
and both improved Health Assessment Questionnaire Disease Activity Index scores and serum vitamin D levels.
The intensity of improvement of serum vitamin D levels in both groups was the same (P<0.0001, g=0.24); how-
ever, calcitriol caused hypercalcemia (P<0.0001, q=12.59).

This study found that 22-oxa-calcitriol was a good option for vitamin D supplementation in rheumatoid arthritis
patients.

Blood Sedimentation ¢ Calcitriol ¢ Felty Syndrome ¢ Hypercalcemia ¢ Vascular Stiffness ¢
Vitamin D Deficiency
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Material and Methods

Rheumatoid arthritis (RA) is a chronic autoimmune disorder
which has the main characteristic of synovial inflammation in
the joints and loss of bone [1]. Vitamin D, as a steroid hormone,
plays an important role in intestinal absorption of phosphorus
and calcium [2] and it decreases the damage to bone and carti-
lage in patients with RA [1]. Vitamin D also increases interleu-
kin (IL)-4 production, which might suppress inflammation [3].

Vitamin D deficiency in Chinese people is likely the result of
living in an industrialized society, people not willing to spend
time in sunlight (due to air pollution), use sunscreen lotions,
umbrellas, or hats when outdoors, as well as limitations in mac-
ronutrient intakes as food and beverages in the Chinese diet
are not rich in vitamin D [4]. T-helper (Th) 17 cells are patho-
genic in patients with RA [5]. In China, an inverse association
was found between vitamin D levels and RA disease activity [6].

Vitamin D supplementation is considered an additional option
in the management of RA patients [7]. Some clinical trials have
reported that vitamin D deficiency might increase RA disease
activity, flare rates, and/or recurrence; however, other trials
have reported no such relationship. Although some studies
reported a synergistic effect between vitamin D and anal-
gesic drugs resulting in reduced musculoskeletal pain, other
trails have reported no role for vitamin D in relief of musculo-
skeletal pain [8]. Calcitriol (1 alpha, 25-dihydroxy vitamin D3)
increases the IL-4 level and reduces IL-17A and interferon-y
levels in patients with RA, but calcitriol might decrease levels
of immunoreactive parathyroid hormone and induce hyper-
calciuria, hypercalcemia, and nephrolithiasis, which then re-
quires supplementation with steroid therapy. Moreover, hyper-
calciuria decreases absorption of calcium by the intestine [9].
Thus, the importance of vitamin D supplementation in RA con-
tinues to be debatable.

The other derivative of vitamin D3, i.e., 22-oxa-1 alpha, 25-di-
hydroxy vitamin D3 (22-oxa-calcitriol) has less hypercalcemic
activity than calcitriol and has been reported to be effective
for cell-proliferative diseases [10]. These reported effects of
vitamin D analogs are irrespective of their activity to induce
hypercalcemia in terms of structure [11]. To the best of our
knowledge, no study has evaluated the efficacy and safety of
22-oxa-calcitriol in RA patients until this current study.

The objective of this study was to compare renal function and
blood tests of arthritis patients receiving calcitriol supplemen-
tation with those receiving 22-oxa-calcitriol supplementation.

Drugs

Calcitriol (Rocaltrol) was purchased from Validus
Pharmaceuticals, USA; 22-oxa-calcitriol was provided by the
Affiliated Hospital of Xuzhou Medical University, China for re-
search purposes. Lactose powder was purchased from Valio
Ltd., Helsinki, Finland.

Ethical considerations and consent to participate

This study was registered with the research registry (www.
researchregistry.com), UID No. researchregistry4170 dated
February 1, 2017. The protocol (AXMU/PH-11/H201627/13/17
dated January 27, 2017) was approved by the Affiliated Hospital
of Xuzhou Medical University review board. This study adhered
to the law of China, the consolidated standards of reporting
trials (CONSORT) guidelines, and the 2013 Declarations of
Helsinki [12]. An informed consent form regarding interven-
tions, pathology, and publication of the study in all formats
(hard and/or electronics) irrespective of time and language
was signed by participating patients or their relatives (legally
authorized person).

Inclusion criteria

Patients of the Department of Orthopedics of the Affiliated
Hospital of Xuzhou Medical University, Xuzhou, China, who
had clinically confirmed RA (as per ACR/EULAR criteria [13])
during at least the past 3 months [3]) from February 3, 2017
to January 1, 2018 were included in this study. Patients aged
18 years and older were included in this study. Active RA was
defined as at least 4 swollen joints (out of 70 examined) [13].
Patients who had erosions in radiographic images, morning
stiffness (at least half an hour in duration) were included in
this study. The demographic parameters of the patients are
presented in Table 1.

Exclusion criteria

Patients aged younger than 18 years and patients who did not
signed informed consent forms were excluded from this study.
Patients who were rheumatoid factor negative were excluded
from this study. Patients who were already on methotrexate,
anti-tumor necrosis factor-a, anakinra, alefacept, infliximab,
etanercept, efalizumab, adalimumab, pain-killers, or systemic
corticosteroids therapies were excluded from this study.

Sample size calculation

A total of 369 patients were included in this randomized
study design. The sample size was 123 for each group. The
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Table 1. The demographic parameters of the enrolled patients.

Parameters Groups Comparisons
between
roups
Interventions
22-oxa-1 alpha, P-value
25-dihydroxyvitamin D3
Sample size 123 123 123 -
Minimum 41 37 38
Age (years) Maximum 62 61 62 0.148
Mean +SD 51.12+10.23 48.47+11.12 49.58+10.57
Male 23 (19) 25 (20) 21 (17)
GENMAEr o 0.647
Female 120 (81) 98 (80) 102 (83)
Duration of rheumatoid arthritis 83112 78416 79413 0.062
(months)
Weight (kg) 54.22+3.15 53.47+4.18 56.88+5.47 0.082
Height (cm) 155.12+5.23 154.18+4.89 153.23+6.22 0.065
No-smokers 112 (91) 109 (88) 111 (90)
Smoking Former smokers 6 (5 7 (6 8 (7) 0.726
Current-smokers 5 4 7 (6 4 (3
C-reactive protein (mg/dL) 1.81+0.71 1.91+0.09 1.72+0.1 0.235
Visual analog scale score for pain* 5.91+0.51 6.12+0.59 5.82+0.62 0.689
Duration of morning stiffness (min) 135+15 146+13 141412 0.092
Erythrocyte sedimentation rate 38.1243.15 37.1543.57 36.47+3.12 0.083
(mm/h)
Random protein in urine (mg/dL) 38.12+2.89 39.1543.18 38.45+4.45 0.071
Protein in urine/day (mg/dl) 99.45+4.52 98.61+5.12 97.89+5.67 0.059
4-8 13 (11) 15 (13) 17 (14)
Swollen joints 9-13 65 (53) 61 (49) 65 (53) 0.891
>14 45 (37) 47 (38) 41 (33)
Serum vitamin D (ng/mL) 15.45+1.53 15.72+1.89 16.01+£1.98 0.054
Serum calcium level (mg/dL) 7.67+0.59 7.81+0.61 7.85+0.82 0.095
Urine albumin level (mg/mL) 7.71+1.25 7.92+1.85 7.53+1.01 0.098
Urine Creatinine (mg/dL) 0.75+0.06 0.77+0.09 0.76+0.04 0.064
HAQ-DI 1.31+0.75 1.33+0.77 1.34+0.79 0.953

Constant data were represented as a number (percentage) and continuous data were represented as mean +SD. Calculations for 1U
for the treatment group was developed as from control group. All patients were of PR. China origin. * 0: Absent pain and 10: the worst
possible pain. One-way ANOVA for continuous data and chi-squared test for independence for constant data were performed for
statistical analysis. A P<0.01 considered as significant. Numbers of swollen joints counts in each group were 70/patient.

HAQ-DI - The Health Assessment Questionnaire Disease Activity Index (0-3 score).
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Assessed for eligibility (n=472)

Excluded (n=103)
+ Age< 18 years (n=7)
« Not signed informed consent form (n=6)
« On methotrexate therapy (n=5)
« On anti-tumor necrosis factor-a therapy (n=1)
« On anakinra therapy (n=1)
- On alefacept therapy (n=1)
+ On infiximab therapy (n=2)
> - On etanercept therapy (n=1)
- On efalizumab therapy (n=1)
+ On adalimumab therapy (n=1)
- On pain-killers therapy (n=35)
- On systemic corticosteroids therapy (n=27)
« Rheumatoid factor negative (n=15)

Enrollment
v

Randomized (n=369)

Allocation

A

v A

Lactose powder (n=123)

22-0xa-1 alpha, 25-dihydroxy
vitamin D3 (n=123)

1 alpha, 25-dihydroxy
vitamin D3 (n=123)

Follow-up

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Analyzed (n=123)
« Swollen joints

« C-reactive level
«VAS score

+ Morning stiffness
<ESR

« Serum vitamin D

« Serum calcium

« Urine albumin excretion
« Urine creatinine
+HAQ-DI

« Protein excretion in urine

Analyzed (n=123)

« Swollen joints

« C-reactive level

«VAS score

« Morning stiffness

<ESR

« Protein excretion in urine
+ Serum vitamin D

« Serum calcium

« Urine albumin excretion
« Urine creatinine
+HAQ-DI

Analyzed (n=123)

« Swollen joints

« C-reactive level

«VAS score

+ Morning stiffness

<ESR

« Protein excretion in urine
« Serum vitamin D

« Serum calcium

« Urine albumin excretion
« Urine creatinine
+HAQ-DI

Figure 1. CONSORT flow diagram of the trial. Hypothesized% frequency of outcome was 80%, the confidence level was 95%,
the design effect for cluster surveys was 1. ESR — erythrocyte sedimentation rate; HAQ-DI — The Health Assessment

Questionnaire disease activity index.

hypothesized% frequency of outcome was 80%, the confi- Design of this study
dence level was 95% (0=0.05), the design effect for cluster

surveys was 1.

Patients were subjected to simple randomization (1: 1: 1), dou-
ble-blind study [14]. The software to generate a random se-
quence was OpenEpi 3.01-English (Open Source Epidemiologic
Statistics for Public Health, USA). Blinding was performed by

prefilled envelopes.
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Interventions

Patients in the placebo group, the treatment group, and the con-
trol group received lactose powder 5 g/week, 50 000 1U/week,
22-oxa-calcitriol (1 1U of 22-oxa-calcitriol is equivalent to 25 ng
of 22-oxa-calcitriol), and 50 000 IU/week calcitriol (1 IU of cal-
citriol is equivalent to 25 ng of calcitriol) [15], respectively. All
supplementations were continued for 6 weeks [16].

The CONSORT flow diagram of the trial is represented in
Figure 1.

The functional status or disability of each patient was evalu-
ated by the Health Assessment Questionnaire Disease Activity
Index (HAQ-DI). HAQ-DI includes 20 questions regarding the
performance of the daily physical activity. Every question has 4
scores: 0, perform the activity without any difficulty; 1, perform
an activity with moderate difficulty; 2, perform an activity with
moderate difficulty; and 3, unable to perform an activity [17].

Renal function tests

Lower renal function might be associated with vitamin D and
its metabolites [3]. Therefore, at the time of enrollment and
after 6 weeks of supplementation, random urine samples were
collected for all study patients. A dip stick (Dipstick, Melson
Medical Corporation Limited Shanghai, China) was dipped in
the urine, and the change in color of the stick indicated the
level of protein in the urine (0-20 mg/dL is considered nor-
mal for random protein levels [18]). For urine albumin excre-
tion tests, at enrollment and after 6 months, urine samples
of patients were collected in the early morning and stored at
-80°C. The kinetic alkaline picrate method was performed to
measure urine albumin concentrations [19].

Blood tests

Plasma samples were collected at baseline and after 6 weeks
of supplementation. Serum vitamin D levels were measured
by radioimmunoassay method using y-B, 25-hydroxy vitamin
D RIA (IDS, Boldon, UK) [20]. The remaining sample was sub-
jected to erythrocyte sedimentation rate [21], C-reactive pro-
tein [17], and serum calcium testing by the modified Arsenazo
method (Biobase Biotech (Jinan) Co., Ltd., China) [22].

Secondary outcome measures

After 6 weeks of supplementation, all the enrolled patients
were evaluated using counts of swollen joints [14], duration
of morning stiffness (difficulty or slowness in moving the
joints) [23], and visual analog scale (VAS) score for pain [14].
The nursing staff who evaluated the patient outcome mea-
sures were blind to the form of supplementation.

CLINICAL RESEARCH

Statistical analysis

One-way analysis of variance (ANOVA) [14] and the chi-squared
test for independence [21] was performed for continuous data
and constant data, respectively. For the demographic param-
eters of the enrolled patient, results were considered signifi-
cant at 99% of confidence level and results related to the trial
were considered significant at 95% of confidence level. Tukey
test (considering critical value (g) »3.329 as significant) was
performed for post-hoc analysis. Intention-to-treat analysis
method was adopted [14]. InStat (GraphPad, USA) was used
for statistical analysis.

Results

After 6 weeks of intervention, 22-oxa-calcitriol (P<0.0001,
g=5.82) and calcitriol (P<0.0001, q=5.81) were successful in
decreasing swollen joints in patients with RA. In addition,
22-oxa-calcitriol was found to have the same effect as cal-
citriol (P<0.0001, q=0.48, Table 2).

After 6 weeks of treatment, lactose powder did not improved
serum vitamin D levels (P=0.28) or serum calcium levels (P=0.9).
However, 22-oxa-calcitriol improved serum vitamin D levels
(P<0.0001, q=8.09) but did not improve serum calcium levels
(P=0.031, g=3.29). Calcitriol improved both serum vitamin D
levels (P<0.0001, g=7.17) and serum calcium levels (P<0.0001,
g=15.2). The intensity of improvement of vitamin D levels by
both vitamin D supplements was the same (P<0.0001, g=0.24);
however, calcitriol caused hypercalcemia in patients with RA
compared to 22-oxa-calcitriol (P<0.0001, g=12.59, Table 3).

After oral supplementation for 6 weeks, the treatment group
(1.91+0.09 mg/dL vs. 1.61+0.12 mg/dL, P=0.023, g=3.56) and
the control group (1.72+0.1 mg/dL vs. 1.52+0.08, P=0.03,
g=3.41) both had reduction in C-reactive protein. Reduction
of C-reactive protein by 22-oxa-calcitriol and calcitriol was the
same after 6 weeks (P=0.026, q=1.26).

22-oxa-calcitriol (6.12+0.59 vs. 5.15+0.81, P=0.005, q=4.07)
and calcitriol (5.82+0.62 vs. 5.04+0.51, P=0.018, q=3.43) both
decreased pain (due to inflammation) in patients. However,
the intensity of decreased pain of patients were the same
(P=0.016, q=0.45).

The enrolled patients suffered from severe morning stiffness.
Therefore, the placebo effect was also observed for decrease
in morning stiffness (135415 min at the time of enrollment
and 130+17 min after 6 weeks of lactose powder supplemen-
tation, P=0.015, g=3.39). The treatment group (146+13 min
vs. 115415 min, P<0.0001, g=22.8) and the control group
(141412 min vs. 105+14 min, P<0.0001, g=27.57) had improved
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Table 2. Effects of interventions on swollen joints.

Groups Comparisons between

Parameters
Placebo (1) Treatment (2) groups at EP

SA between
BL and EP

T 13(11) 12(10) 0.32  15(13) 45(37) <0.0001 8.01 17(14) 50(41)  <0.0001 8.55
M 1(1) 1(1) N/A 1(1) 1(1) N/A N/A  1(1) 2(2) 0.32 N/A
F 12(10) 11(9) 0.32  14(12) 44(36) <0.0001 8.12 16(13) 48(39)  <0.0001 8.74
4-8 SA P 0.0007 0.0013 - 0.0002 <0.0001 - <0.0001 <0.0001 -
bet-
ween
M q 5.519 5.2 = 6.13 13.71 = 6.7 14.2 =
and F
T 65(53) 65(53) N/A  61(49) 45(37) <0.0001 3.59 65(53) 39(32) <0.0001 5.7
M 12(10) 13(11) 032  14(11) 13(11) 032 N/A 11(9) 10(8) 0.32 N/A
7 53(43) 52(42) 032 47(38) 32(26) <0.0001 3.56 54(44) 29(24) <0.0001 5.95
Swollen 9— T T
.VYO en SA P <0.0001 <0.0001 - <0.0001 <0.0001 - <0.0001 <0.0001 = <0.0001 5.51 599 048
JOINES 13
bet—
ween
q 11.05 1043 = 8.84 5.52 = 11.3 5.47 -
M
and F
T 45(37) 46(37) 032 47(38) 33(26) 0.0001 3.11 41(33) 35(27) 0.014 1.43
M 10(8) 9(7) 0.32 10(8) 11(9) 032 N/A 9(7) 9(7) N/A N/A
7 35(29) 37(30) 0.16 37(30) 22(17) <0.0001 3.9 32(26) 26(20) 0.014 1.56
>14 SA P <0.0001 <0.0001 - <0.0001 0.0007 - <0.0001 <0.0001 -
bet-
ween
M q 737 8.26 = 7.87 3.58 = 7.01 5.46 =
and F

Data were represented as number (percentage). Chi-squared test for independence following Tukey post-hoc tests was performed for
statistical analysis. P<0.05 and q>3.329 were considered significant. BL — baseline; EP — after 6 weeks of supplementation. Numbers of
swollen joints counts in each group were 70/patient. T — total; M — Male; F — Female; SA — statistical analysis; N/A — not applicable.

Table 3. Effects of interventions on serum vitamin D and calcium levels.

Comparisons between
groups at EP

P- g-value g-value g-value
value 1vs.2 1vs.3 2vs.3

Serum vitamin D 15.45+ 15.92+ 15.72+ 17.85+ 16.01+ 17.91+

level (ng/mL) 1.53 4.56 1.89 1.09 1.98 1.11 <0.0001 77 793 0.24
Serum calcium 7.67+ 7.68+ 7.81+ 8.01+ 7.85+ 8.78+

level (mg/dL) 0.59 0.61 0.61 0.82 0.82 0.58 <0.0001 5.394 17.98 12587

Data were represented as mean +SD. One-way ANOVA following Tukey post-hoc test was performed for statistical analysis. P<0.05
and g>3.329 were considered as significant. BL — baseline; EP — after 6 weeks of supplementation. Radioimmunoassay method was
preferred.
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Table 4. Primary and secondary outcome measures of the study.

CLINICAL RESEARCH

Comparisons between
groups

vs.2 vs.3 vs.3

38.12+ 37.98+ 37.15+ 32.45+ 36.47+ 31.53%
ESR (mm/h) 315 3.85 0.755 357 3.1 <0.0001 14.8 312 354 <0.0001 15.58 <0.0001 17.46 20.36 2.9
38.13+ 37.45% 39.15+ 32.18+ 38.45+ 33.53% 4.19
RPU (mg/dL) 289  3.18 0.085 318 2.89 <0.0001 25.05 445 335 <0.0001 14.74 <0.0001 16.37 12.17

97.89+ 92.56+

PUD (me/dL) ~, 0% 7 0093 T T TE<0.0001 1678 © . 0F P20 00001 911 <0.00011398 971 409
AU (mg/mL) 71'721; 71'61591' 0.7 71"9825* 61'60511 <0.0001 8.699 7150311 612012‘ <0.0001 10.829 <0.000110.30214.8354.533
UC (mg/dL) 06705;' 067;; 0.1 067079+ 06.7:81 0.0009 4.644 06706: 0(')703; 0.0004 5597 0451 N/A N/A N/A
@HAQ-DI 16.371: 16.2791i 0.83 16.373; 1'olji 0011 4453 16.374; 1(').129; 0.0483 3.438 004 3.494 2.5 0998

One-way ANOVA following Tukey post-hoc test was performed for statistical analysis. P<0.05 and q>3.329 were considered

as significant. Data were represented as mean +SD. * 0: Absent pain and 10: the worst possible pain. BL — baseline; EP — after

6 weeks of supplementation; N/A — napplicable; HAQ-DI — The Health Assessment Questionnaire Disease Activity Index (0-3

score); CRP — C-reactive protein; VAS — visual analog scale score for pain; DMS — duration of morning stiffness; ESR — erythrocyte
sedimentation rate; RPU — random protein in urine; PUD — protein in urine/day; AU — albumin in urine; UC — urine creatinine;

SA — statistical analysis. * q=3.39. @ 20 questions for the performance of the daily physical activity. 0: Perform the activity without any
difficulty, 1: Perform an activity with moderate difficulty, 2: Perform an activity with moderate difficulty, and 3: Unable to perform an

activity.

morning stiffness of patients after supplementation. Moreover,
22-oxa-calcitriol was less effective in improving morning stiff-
ness of patients than calcitriol (P<0.0001, g=7.21).

The treatment group using 22-oxa-calcitriol (37.15+3.57 mm/h
vs. 32.45+3.11 mm/h, P<0.0001, q=14.8) and the control
group using calcitriol (36.47+3.12 mm/h vs. 31.53+3.54 mm/h,
P<0.0001, g=15.58) had improved erythrocyte sedimentation
rates. However, effects of 22-oxa-calcitriol and calcitriol were
equal (P<0.0001, g=2.9).

Supplementation with 22-oxa-calcitriol decreased random
protein in urine (39.15+3.18 mg/dL vs. 32.18+2.89 mg/dL,
P<0.0001, q=25.05) and protein in urine/day (98.61+5.12 mg/dL
vs. 90.12+6.12 mg/dL, P<0.0001, g=16.78). Calcitriol also
decreased random protein in urine (38.45+4.45 mg/dL vs.
33.5343.35 mg/dL, P<0.0001, g=14.74) and protein in urine/day
(97.89+5.67 mg/dL vs. 92.56+7.96 mg/dL, P<0.0001, g=9.11).

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Moreover, 22-oxa-calcitriol more significantly reduced random
protein in urine (P<0.0001, g=4.19) and protein in urine/day
(P<0.0001, g=4.09) than calcitriol.

Both 22-oxa-calcitriol and calcitriol improved urine albumin
excretion, HAQ-DI, and urine creatinine levels. The intensity
of the decrease of urine albumin excretion by calcitriol was
better than 22-oxa-calcitriol (P<0.0001, g=4.533). The intensity
of improvement in HAQ-DI by both vitamin D supplements was
the same (P=0.04, g=0.998). The intensity of the decrease in
urine creatinine levels by both vitamin D supplements was the
same (P=0.451, Table 4).

Younger age patients had significant improvements compared

to older patients. In the same way, women had significant im-
provements compared to men in the follow-up period.

[Chemical Abstracts/CAS]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



CLINICAL RESEARCH

Discussion

In this study, patients treated with 22-oxa-calcitriol or calcitriol
(as a control group) were followed prospectively for 6 weeks
and the effects of 22-oxa-calcitriol on some aspects of disease
activity of RA patients was reported. Calcitriol supplementa-
tion is mostly used in RA patients [8] because the prevalence
of osteoporosis and fracture might increase in women and old-
er patients with RA compared to healthy persons [24]. Vitamin
D inhibits the Th17 and Th1 proinflammatory responses and
also promotes Th2 and Treg (regulatory T) cell immunomodu-
lating responses. These responses might result in a decrease
of the immune response of effector T-cells [23]. The consider-
ation of supplementation adopted by rheumatologists in clini-
cally confirmed RA, is generally to protect patients against high
bone turnover and progression of disease activity.

In this study, 2-oxa-calcitriol showed a significant reduction
in proteinuria, urine albumin excretion, VAS score for pain
(P=0.005, g=4.07), and HAQ-DI. Other experimental studies have
shown that 2-oxa-calcitriol is effective and safe in autoimmune
disorders [25,26]. The results of this study, the first phase II
trial on a synthetic analog of vitamin D3, support the useful-
ness of 2-oxa-calcitriol supplementation in patients with RA.

During this trial, calcitriol induced hypercalcemia (P<0.0001,
g=15.2), but 2-oxa-calcitriol did not induce hypercalcemia
(P=0.031, g=3.29). This finding supports other reports that
2-oxa- calcitriol as a good vitamin D supplement that does
not induce hypercalcemia [10,27]. With respect to the results
of our study, additional trials are required to justify the role
of calcitriol in RA patients.

Our study patients had low levels of serum vitamin D, and it
was confirmed that all participants had vitamin D deficiency
due to RA disease activity [17]. Calcitriol and 2-oxa-calcitriol
both reduced C-reactive protein and urine creatinine levels
and improved serum vitamin D levels (P<0.0001, q=8.09). For
the renal function tests, our study showed that 2-oxa-calcitriol
improved renal functions of RA patients.
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Calcitriol was more effective in improving morning stiffness of
RA patients than 22-oxa-calcitriol (P<0.0001, q=7.21). Morning
stiffness is a recognized symptom of RA but is difficult to mea-
sure and poorly understood [28]. Effects of oral supplementa-
tions in RA patients with less than 60 min of morning stiffness
compared to more than 60 min were not analyzed separately
in our study. Such data might have provided a different re-
sult [29]. Our study provided useful information regarding an
important characteristic of RA. Further study is required to
understand the mechanism of action of 22-oxa-calcitriol on
morning stiffness in RA patients.

Limitations of this study included the lack of a dose oscilla-
tion component for 22-oxa-calcitriol; and all patients were of
Chinese heritage only. In addition, results were significant in a
very narrow range, and limited information regarding RA was
gathered for the trial. Only a random serum vitamin D level
was measured during the trial.

Conclusions

This phase Il trial concluded that 22-oxa-calcitriol was a good
option for vitamin D supplementation for RA patients. However,
a dose oscillation study is required to demonstrate metabo-
lism, tissue distribution, and a clear mechanism of action.
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