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Abstract: Background: We aimed to provide a systematic review and meta-analysis of randomized
controlled trials assessing the effect of oral vitamin supplementation on symptoms and disease
activity in patients with rheumatoid arthritis (RA), spondyloarthritis (SpA) and psoriatic arthritis
(PsA). Methods: A systematic literature review and meta-analysis of randomized controlled trials
including patients with inflammatory rheumatic diseases were performed using MEDLINE, EM-
BASE and abstracts from recent international rheumatology congresses. Studies were reviewed
in accordance with PRISMA guidelines. We analysed clinical outcomes according to each type of
vitamin supplementation. Results. The initial search yielded 606 articles. Of these, 13 studies were
included in the qualitative synthesis: eight studied vitamin D supplementation, two assessed vitamin
E supplementation, two folic acid, and one vitamin K, all of them on RA patients. No studies on
SpA or PsA were selected. Oral vitamin supplementations were not associated with a reduction in
RA activity (DAS-28 or pain) or RA flares. Conclusions: Despite their beneficial effects, the effects
of vitamin supplementation on RA activity, if any, seem to be limited. Evidence on their efficacy
on SpA or PsA activity is lacking. However, folic acid supplementation should be suggested to
prevent methotrexate-related side effects, and vitamin D should be given to patients with vitamin D
deficiency to prevent musculo-skeletal complications.

Keywords: rheumatoid arthritis; vitamin D; vitamin E; folic acid; vitamin K; meta-analysis;
disease activity; diet
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1. Introduction

Patients with inflammatory rheumatic diseases (IRD) are seeking natural and safe alter-
natives to complement their conventional anti-rheumatic therapies. Vitamins are over-the-
counter supplements which might be attractive for patients as complementary medicines.

The family of vitamins is composed of various organic molecules with diverse chemi-
cal structure and biological function. Vitamin D was identified quite early as a putative
candidate complementary treatment of rheumatoid arthritis (RA). Vitamin D is a hormone
produced in the skin in the presence of UVB but can also be provided by dietary sources.
Its immunomodulatory effects have been known for nearly three decades, and it has been
shown that 1,25-dihydroxyvitamin D3 (or calcitriol, the biologically active metabolite of
vitamin D) acts via the intracellular vitamin D receptor (VDR). VDR is ubiquitously present
and specifically on the cells of the immune system [1]. Globally, 1,25-dihydroxyvitamin D3
inhibits pro-inflammatory Th1 and Th17 responses and promotes Th2 and T-reg responses,
leading to regulation of the immune response of T effector cells [2—4], mechanisms that may
be involved in the pathogenesis of RA. Moreover, 1,25-dihydroxyvitamin D3 prevented the
development of arthritis and blocked its progression in a collagen-induced arthritis mouse
model [5]. Oral vitamin D supplementation is available under vitamin D3 (cholecalciferol),
or activated forms such as calcitriol, alphacalcidol or 22-oxa-1-alpha, 25-dihydroxy vitamin
D3 (22-oxa-calcitriol), which has less hypercalcaemic activity than calcitriol.

Vitamin E is a major fat-soluble antioxidant present in plasma. As oxygen free radicals
may play a role in the genesis and persistence of proliferative and destructive synovitis
in RA [6], vitamin E might, therefore, restore a normal pool of reactive oxygen species
scavengers and modulate eicosanoic acid production, via the action of tocopherol.

Vitamin K has been shown to inhibit the proliferation of fibroblast-like synoviocytes
and the development of arthritis in mice [7] and is also important for bone metabolism [8].

Folic acid supplementation in IRD is widely used to reduce toxicity of methotrexate-
related toxicity [9].

Hence, we aimed to provide a systematic literature review (SLR) and meta-analysis
of randomized controlled trials assessing oral vitamin supplementation to reduce IRD
symptoms and activity. This SLR was used to inform the recommendations of the French
society of Rheumatology on diet in IRD.

2. Materials and Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines [10].

2.1. Search Strategy

We searched published studies indexed in MEDLINE and EMBASE databases from
inception to June 2020 using the search strategy consistent with supplementation in differ-
ent types of vitamins (A, B (including folic acid), C, D, E and K) and chronic IRD including
RA, spondyloarthritis (SpA) and psoriatic arthritis (PsA), as described in Appendix A.
A bibliography of selected retrieved articles was also manually searched and reviewed for
inclusion. Conference abstracts from selected Rheumatology meetings (European League
Against Rheumatism (EULAR) and the American College of Rheumatology (ACR)) and
from Nutrition meetings (International Congress of Nutrition, European Nutrition Con-
ference, American Society of Nutrition) from 2017 to 2019 were searched and manually
reviewed for inclusion.

2.2. Inclusion Criteria

The studies fulfilling the following criteria were included into the systematic review:
(1) Population: adults with confirmed IRD: RA, PsA or SpA. (2) Interventions: oral supple-
mentations of vitamin A, B, C, D, E or K. (3) Comparators: placebo, standard of care or no
intervention. (4) Outcome measures included clinical activity indexes (Disease Activity
Score of 28 joints (DAS-28), Ritchie articular index, EULAR or ACR response for RA; Bath
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Ankylosing Spondylitis Disease Activity Index (BASDAI) for SpA; and psoriatic arthritis
response criteria, EULAR or ACR response for PsA), Health Assessment Questionnaire
Disability Index (HAQ), number of tender or swollen joints, visual analog scale for pain
(VAS pain), morning stiffness duration, flares. (5) Types of studies: open-label or double
blind randomized controlled studies. Subcutaneous or intravenous administrations of
vitamins were excluded. Disagreement in the determination of the eligibility of each study
was resolved by consensus.

2.3. Data Extraction

Data were independently collected using a standardized form by two authors (YN,
CD). The data extraction form included study design, publication date, journal, location,
disease, inclusion criteria, the type and length of the intervention, primary and secondary
assessed outcome, number of participants, study population characteristic (including age,
duration of the disease, clinical baseline characteristics and treatments), results in terms
of disease activity, side effects and treatment adherence. If data were missing, authors of
primary articles were contacted.

2.4. Quality Assessment

Risk of bias assessments were performed during data collection. The Cochrane
Collaboration’s tool for assessing risk of bias [11,12] and the Jadad scale [13] were used to
assess the risk of bias of each study. Records limited to abstracts were not assessed because
of the paucity of available information.

2.5. Statistical Analysis

Studies assessing the same vitamin supplementation and the same outcome were con-
sidered for meta-analysis. The results were expressed as a mean difference for continuous
variables. Significance was checked using a Z-test, and a p-value < 0.05 was considered as
significant. Heterogeneity was assessed looking at confidence interval overlap between
studies and using a Chi? test. A I?> between 30 and 60% was interpreted as moderate
heterogeneity and I? > 60% as substantial heterogeneity. Random-effects models were used
in case of apparent heterogeneity and fixed-model otherwise, to obtain adequate confidence
intervals. If confidence intervals for the results of individual studies (generally depicted
graphically using horizontal lines) have poor overlap, it generally indicates the presence
of statistical heterogeneity. More formally, a statistical test for heterogeneity is available.
This Chi? (x?, or chi-squared) test is included in the forest plots in Cochrane Reviews.
It assesses whether observed differences in results are compatible with chance alone. A low
p-value (or a large Chi? statistic relative to its degree of freedom) provides evidence of
heterogeneity of intervention effects (variation in effect estimates beyond chance).

A two-sided p-value < 0.05 was considered statistically significant. All analyses were
conducted using Revman version 5.3.

3. Results
3.1. Study Selection

The search process yielded 606 records (Figure 1). Of these, 28 were selected after
review and assessed for eligibility. Of those, 13 studies were included in the qualitative
synthesis. Among them, six studies (two on vitamin E and four on vitamin D) had
sufficient data and were included in the meta-analysis. No unpublished relevant studies
were obtained.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) diagram.

3.2. Study Characteristics

Baseline characteristics of the patients and inclusion criteria are summarized in Table 1.
All studies were conducted on patients with RA: eight studied vitamin D supplementation,
two assessed vitamin E supplementation, two folic acid and one vitamin K. No randomized
controlled trials were found regarding PsA or SpA patients. All selected studies were
published in English. Follow-up duration ranged from 3 weeks to one year.

Studies’ interventions and outcomes are reported in Table 2. Most studies assessed the
efficacy on vitamin supplementation in reducing RA activity on patients with active RA,
using clinical activity indexes (DAS-28, Ritchie articular index, EULAR or ACR response),
HAQ, number of tender or swollen joints, VAS pain and morning stiffness duration. Only
two studies assessed the efficacy of vitamin D supplementation on preventing the risk of
RA flares in patients in remission.



Nutrients 2021, 13, 107 50f17
Table 1. Baseline characteristics of patients of the 13 studies included in the systematic review.
Intervention Group Control Group
Count Age Disease Age Disease
4 (Years) Duration (Years) (Years) Duration (Years)
Aryaeian, 2008 [14] Iran ACR 1987, at least 2 years evolution 49.33 7.24 47.95 7.9
Edmonds, 1997 [15] UK ACR1987,RAI>60orMS>1h 55.4 NR 52 NR
Shishavan, 2016 [16] Iran ACR 1987, 20-50 years old, DAS-28 < 5.1 38 3 39 7
ACR 1987, under methotrexate and folic
Stamp, 2018 [17] New Zealand acid > 3 months, DAS-28 > 3.2 61.9 9.8 57.2 9.5
ARA 1987, 19-78 years, >6 months, active (TJC > 6, 5mg: 54 5mg: 7.4
Morgan, 1994 [18] UK SJC > 3, MS > 45 min, ESR > 28 mm) 27.5 mg: 53.2 27.5mg: 11.6 522 8.5
Soubrier, 2018 [19] France ACR 1987, DAS28 > 2.6, vitamin D < 30 ng/mL NR NR NR NR
Li, 2018 [20] Chi ACR/EULAR criteria, TJC > 4 22-Oxa: 48.5 22-0xa: 6.5 51.1 6.9
Y ma criteria, - = Calcitriol: 49.6 Calcitriol: 6.6 ' '
Dehghan, 2014 [21] Iran ACR/ EULAR.Crlte.rla, in remission for > 2 years, 45 NR 47 NR
vitamin D < 30 ng/mL
Salesi 2012 [22] Iran ACR 1987, DAS-28 > 3.2 499 NR 50 NR
Gopinat, 2011 [23] India Early RA < 2 years without treatments 449 0.64 449 0.57
Hansen, 2014 [24] USA ACR 1987, vitamin D < 25 ng/mL 63 NR 63 NR
Brohult, 1973 [25] Sweden ACR 1987, >2 years evolution 53 NR 51 NR
Yang, 2015 [26] China ACR/EULAR criteria, in remission for >2 years 44.2 49 41.7 5.1

ACR: American College of Rheumatology; NR: not reported; RAI: Ritchie Articular Index; MS: morning stiffness; DAS-28: disease activity score—28 joints; TJC: tender joint count; SJC:
swollen joint count; ESR: Erythrocyte Sedimentation Rate; EULAR: European League Against Rheumatism.
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Table 2. Study characteristics of the 13 studies included in the systematic review sorted by vitamin type.

Intervention Controls
Study Design Population Outcome Outcome Measurement
Type N Type N
Vitamin E
102 randomized in 4 groups
Aryaeian, 2008 [14] Double blind RCT *incl. 51 in vitamin E or Vitamin E 400 mg/day 21 Placebo for 12 weeks 22 DAS-28, VAS pain, SIC, TIC, 12 weeks
placebo groups — for 12 weeks Morning stiffness
43 completed
. 42 randomized — Vitamin E 600 mg twice daily for Placebo Ritchie articular index, morning
Edmonds, 1997 [15] Double blind RCT 39 completed 12 weeks 20 for 12 weeks 19 stiffness, SJC, VAS pain 12 weeks
Vitamin K
Shishavan, 2016 [16]  Double blind RCT 64 randomized — Vitamin K 10 mg/day 30 Placebo 28 DAS-28 8 weeks
58 completed for 8 weeks for 8 weeks
Folic acid
40 randomized Folic acid
Stamp, 2018 [17] Double blind RCT Folic acid 5 mg/day for 24 weeks 22 0.8 mg/day for 18 DAS-28 24 weeks
and completed
24 weeks
94 randomized — Folic acid 5 mg/day 25 J 1Ir{11ttlcr}11(11e1 art{fct;li\rr:(r;df;,
Morgan, 1994 [18] Double blind RCT 79 completed the study in or + Placebo 28 © fies © ll'e erness 1 year
three groups 27.5 mg/day for 1 year 26 and swe e,
HAQ
Vitamin D
Cholecalciferol 100,000 IU
Soubrier, 2018 [19] Double blind RCT 59 randomized — (frequency depending on the 30 Placebo 29 HAQ, DAS-28, VAS pain 24 weeks
59 completed baseline vitamin D dosage)
for 24 weeks
22-Oxa-Calcitriol 50,000 IU /week
Li, 2018 [20] Double blind RCT 369 randomized — for 6 weeks or 133 Placebo 123 SJC, VAS pain, HAQ 6 weeks
4 369 completed Calcitriol 50,000 IU /week for 123 ’ pamn,
6 weeks
Dehghan, 2014 [21] Double blind RCT 80 randomized — Cholecalciferol 50,000 IU/week for 40 Placebo 40 Number of flares 6 months
80 completed 6 months
Salesi 2012 [22] Double blind RCT 117 eligible — 98 Ch"lecalﬂferf; i’gégig [U/week for g5, Placebo 48 DAS-28, TJC, SJC, VAS pain 12 weeks
204 identified — . . . Time to achieve pain relief,
Gopinat, 2011 [23] Open label RCT 121 randomized — Calcitriol 500 IU + Calcium 59 Calcium 1000 mg 62 number of patients with VAS 12 weeks
1000 mg per day for 12 weeks per day . .
110 completed pain reduction
.. Ergocalciferol 50,000 TU
Hansen, 2014 [24] Double blind RCT 711 contacted — 98 eligible 3 times/week for one month then 11 Placebo 11 HAQ, DAS-28, VAS pain 1 year

— 22 randomized

twice a month for 8 weeks
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Table 2. Cont.

Intervention Controls
Study Design Population Outcome Outcome Measurement
Type N Type N
Brohult, 1973 [25] Double blind RCT 49 Calciferol 100,000 IU per day for 24 Placebo 25 Objective and sub]gctlve 1 year
one year symptom reduction
Yang, 2015 [26] Open-label RCT 340 included — 172 with Alfacalcidol 025 meg twiceaday g, Placebo 88 RA flare (DAS-28 > 3.2) 6 months
vitamin D deficiency for 24 weeks

* Aryaeian et al. assessed four groups: linoleic acid, linoleic acid with vitamin E, vitamin E alone, and placebo. For this review, we only included the two following groups: vitamin E and
placebo. RA: rheumatoid arthritis; RCT: randomized controlled trial; incl.: including; DAS-28: disease activity score—28; VAS pain: visual analog scale for pain; EULAR: European League
Against Rheumatism; HAQ: Health Assessment Questionnaire; TJC: tender joint count; SJC: swollen joint count; IU: international units.
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Random sequence generation
Allocation concealment

Blinding of participants and personnel
Blinding of outcome assessment
Incomplete outcome data

Selective reporting

Other sources of bias

The included studies involved 1218 RA patients. In one study [14], two groups
assessing linoleic acid with or without vitamin E supplementation were not included
in the review (only the placebo group and the vitamin E group were included). The
main inclusion criteria were participants with RA diagnosed according to the 1987 ACR
criteria, or 2010 ACR EULAR criteria. Most included patients had active RA except for
two studies assessing vitamin D supplementation in RA flares, where participants were in
remission [21,26].

3.3. Risk of Bias within Studies

Risk of bias in all 13 studies based on Jadad score of randomized controlled trials is
reported in Table Al. All selected studies were randomized controlled trials, and only two
of them were not double-blind and thus had a Jadad score of 3. Nine of the 13 studies had
a Jadad score of 4 or more. Six studies did not report the used randomization sequence.
Risk of bias was also assessed using Cochrane Collaboration’s tool (Figures 2 and 3).

Qverall

0% 25% 50% 75% 100%

. Low Unclear . High

Figure 2. Distribution of risk-of-bias judgements within each bias domain of the Cochrane Collaboration’s tool.

3.4. Outcomes

Outcomes of each study are summarized in Table 3 according to the type of vitamin
supplementation.

3.4.1. Vitamin E Supplementation

Two double-blind randomized controlled trials assessed the efficacy of a vitamin E
supplementation (400 mg daily and 600 mg twice daily, respectively) on RA activity [14,15].

In their study, Aryaeian et al. aimed to assess the linoleic acid supplementation with
or without vitamin E, hypothesizing a synergistic effect between those two molecules [14].
For the present review, only the vitamin E (without linolenic acid) and placebo group,
including a total of 43 patients, were reported. There was no difference with placebo
regarding DAS-28, VAS pain, SJC and TJC.

In the second study including 42 patients, Edmonds et al. did not find any difference
with placebo regarding Ritchie articular index, joint swelling or morning stiffness, but
reported a significant decrease in VAS pain (—0.56 in the vitamin E group versus +0.54/10
in the placebo group, p = 0.006). However, such a decrease in VAS pain seemed to be small
and not clinically pertinent.

We performed a meta-analysis of both studies regarding the efficacy of vitamin E
supplementation in VAS pain (Figure 4). On 85 patients in two groups, the mean difference
[95% CI] in VAS pain was —0.47 [—1.67; 0.74] cm (p = 0.45), thus not statistically significant.
There was a high heterogeneity in the studies (I> = 80%).

Thus, the effect of vitamin E, if any, seems to be limited.



Nutrients 2021, 13, 107 90f17

Aryaeian, 2008 [14] +
Edmonds, 1997 [15]
?

Shishavan, 2016[16]

Stamp, 2018 [17]

Morgan, 1994[18]

Soubrier, 2018 [19]

+
+
+
?
L3, 2018 [20] +
?
?
+
+
?
?

Dehghan, 2014[21]

Salesi 2012 [22]

Gopinat, 2011 [23]

Hansen, 2014 [24]

Brohult, 1973[25]

++[+[+[+]+[T@++ @~ [+

@+ |+ @+ |+ F|+|F ||+ ++

Yang, 2015 [26]
> v
S @ Ol NG
& ¥ & F L & S
! S & >
g & ¥ e & & @
EAZIRS d & &
& > g ol
) & O X8 <
O & & A g
o g GNP R M Key
& XY X ¢ 8
° 0&’0 %o \o"o + Low risk of biais
QJ’Q T &
%0 @Q .
8‘0 ? Unclear risk of
%\-y biais
‘ High risk of biais

Figure 3. Quality assessment based on Cochrane collaboration tool.

vitE placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Aryaeian et al.(14) -0.64 1.63 21 -0.77 033 22 51.4% 0.13[-0.58, 0.84]
Edmaonds et al.(15) -0.56 1.53 20 054 112 22 486% -1.10[-1.92,-0.29] —i—
Total (95% ClI) 1 44 100.0% -0.47 [-1.67,0.74]

-4 2 0 2 4
Favours [experimental] Favours [control]

Heterogeneity: Tau®= 0.60; Chi*=4.95 df=1 (P=0.03); F=80%
Testfor overall effect: Z=0.76 (P = 0.45)

Figure 4. Meta-analysis of randomized controlled trials assessing the efficacy of vitamin E supplementation in visual analog
scale for pain. Random effect model.
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Table 3. Study results sorted by vitamin supplementation.
Intervention Controls p-Value
Study Outcome . Difference . Difference (Intervention
Baseline End of Treatment frm; Baseline Baseline End of Treatment frmi\ Berlseline vs. Controls)
Vitamin E
Aryaeian et al. [14] DAS-28 4.59 (1.11) NR —0.77 (0.91) t 4.35 (0.95) NR —0.31 (0.98) >0.05
VAS pain (cm) 4.02 (2.89) NR —0.64 (1.63) 5.11 (2.44) NR —0.77 (3.31) >0.05
SIC (n) 6.71 (9.67) NR —2.62(9.94) 6.45 (8.89) NR —1.05 (7.74) >0.05
TIC (n) 3.76 (4.88) NR ~1.29 (5.84) t 2.86 (1.67) NR —0.68 (2.34) >0.05
Morning stiffness (hour) 1.09 (0.89) NR —0.66 (1.11) 1 1.27(0.77) NR —0.05 (0.86) >0.05
Edmonds et al. [15] Ritchie’s index 15.9 (7.7) 15.3 (10.0) NR 14.9 (8.8) 14.0 (12.1) NR >0.05
Morning stiffness (min) 45 30 NR 30 20 NR >0.05
SJC (n) 9.2 (3.4) 9.9 (5.0) NR 9.8 (5.4) 10.2 (5.6) NR >0.05
VAS pain (cm) 4.63 (2.86) NR —0.56 (1.53) 3.74 (2.92) NR +0.54 (1.12) 0.006
Vitamin K
Shishavan et al. [16] DAS-28 NR NR —12.56% * NR NR NR >0.05
Folic acid
. ) —0.13; 95% CI ) ) —0.25; 95% CI
Stamp et al. [17] DAS-28 3.5; range (2.4; 5.9) NR [-0.69; 0.43] 3.8; range [2.6; 5.8] NR [-0.87; 0.37] 0.78
Joint indices for 5mg: 32 (6; 112) 5mg: 21 (0;90) * . Lyt >0.05
Morgan etal. [18] tenderness (n, min;max) 27.5 mg: 34 (2;105) 27.5mg: 14 (2;41) * NR 34(2;99) 18 (4;62) NR >0.05
Joint indices for swelling 5mg: 51 (14; 85) 5mg: 14 (2;41) . eyt >0.05
(n, min;max) 275mg: 43 (18;103)  27.5mg: 13 (1;58) * NR 45(6;85) 12(0;51) NR 50.05
. 5mg: 2 (1;3.8) 5mg: 1.2 (1;2.8) . . + >0.05
HAQ (value, min;max) 27.5mg: 2 (1.1;3.4) 275mg: 12 (1;2.6)* NR 1.8(1;3.4) 1.5(1;2.8) NR 20.05
Vitamin D
Soubrier et al. [19] DAS-28 3.69 (0.96) 3.03 (1.1) NR 3.76 (0.68) 3.37 (0.90) NR >0.05
VAS pain (cm) 3.61 (1.64) 3.76 (2.39) NR 3.76 (2.39) 3.81(2.21) NR >0.05
HAQ NR NR —0.03 (0.23) NR NR +0.08 0.11
ESR (mm/h) NR NR NR NR NR NR 0.002 *
C-reactive protein NR NR NR NR NR NR 0.04*
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Table 3. Cont.

Intervention Controls p-Value
Study Outcome . Difference . Difference (Intervention
Baseline End of Treatment from Baseline Baseline End of Treatment from Baseline vs. Controls)
. . 22-Oxa: 6.1 (0.59) 22-Oxa: 5.2 (0.81) * 22-Oxa: <0.05
Lietal. [20] VAS pain (cm) Calcitriol: 5.8 (0.62)  Calcitriol: 5.04 (0.51) * NR 59(0.52) 5.89(0.53) NR Calcitriol: <0.05
22-Oxa: 1.33 (0.77) 22-Oxa: 1.15(0.1) 22-Oxa: <0.05
HAQ Calcitriol: 1.34 (0.79)  Calcitriol: 1.19 (0.28) * NR 1.31(0.75) 129 (0.83) NR Calcitriol: >0.05
. . 22-Oxa: 146 (13) 22-Oxa: 115 (15) + 22-Oxa: <0.05
Morning stiffness (mn) Calcitriol: 141 (12) Calcitriol: 105 (14) t NR 135 (15) 130 (17) NR Calcitriol: <0.05
22-Oxa: 15.72 (1.89)
. . o 22-Oxa: 17.85 (1.09) 22-Oxa: <0.05
Vitamin D (ng/mL) Calc1gl(9)18.)16.01 Calcitriol: 17.92 (1.11) NR 15.43 (1.53) 15.92 (4.56) NR Calcitriol: <0.05
Dehghan et al. [21] Flares, n (%) NA 7/40 (17.5%) NA NA 11/40 (27.5%) NA 0.42
Salesi et al. [22] DAS-28 5.4 (1.1) 42(1.2) NR 5.5(1.3) 47(2.1) NR >0.05
VAS pain (cm) 6.26 (1.8) 4.57 (1.99) NR 6.13 (2.18) 3.87 (2.04) NR >0.05
TJC (n) 11.9 (5.8) 7.1 (5.1) NR 12.8 (6.1) 92 (47) NR >0.05
SIC (n) 2.7 (3.7) 1.12.7) NR 3.6 (4.4) 2.1(3.2) NR >0.05
Vitamin D (ng/mL) 42.8(11.2) 50 (9.0) NR 37.2(132) 39.4 (12) NR <0.05
ESR (mm/h) 35.8 (19) 26.2 (16.8) NR 34.1 (18) 27.6 (17.3) NR >0.05
. Time to achieve pain
Gopinath et al. [23] reliof (days)p NA 21; range [7; 90] NA NA 21; range [7; 90] NA 0.415
% patients with NA 50; range [0; 100] NA NA 30; range [0; 30] NA 0.006
reduction in VAS pain s range (U s range (U .
4 . 959 . . 950, . 2.7;95% CI oo )
Hansen et al. [24] DAS-28 2.8;95% CI [2.1;3.3] 3.0;95% CI [2.3; 3.8] NR [21-33] 3.0;95% CI [2.2;3.7] NR 0.96
VAS pain (cm) 2.9;95% CI[1.8;3.7] 3.9;,95% CI [2.6; 5.2] NR 2.9;95% CI[1.8; 4.1] 2.4;95% CI[1.1; 3.7] NR 0.03
HAQ 0.6; 95% CI [0.4; 0.9] 0.7;95% CI1[0.4; 1] NR 0.6;95% CI[0.4;0.9]  0.4;95% CI[0.2;0.7] NR 0.09
Vitamin D (ng/mL) 25 (24) 30 (11) NR 21 (9) 23 (11) NR <0.05
Brohult et al. [25] Symptom reduction NA 16/24 (67%) NA NA 8/25 (36%) NA 0.01
Yang et al. [26] Flares, n (%) NA 16/84 (19%) NA NA 26/88 (29.5%) NA 0.11

Results are presented as mean (SD) unless stated otherwise. Abbreviations: DAS-28: disease activity score—28; VAS pain: visual analog scale for pain; HAQ: Health Assessment
Questionnaire; TJC: tender joint count; SJC: swollen joint count, mn: minutes; min: minimum; max: maximum; n: number; NA: not applicable; NR: not reported; ESR: erythrocyte
sedimentation rate. p < 0.05 between baseline and end of treatment. * after adjusting for age, gender, season and initial vitamin D status.
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3.4.2. Vitamin K Supplementation

Only one study by Shishavan et al. conducted on 64 patients assessed the efficacy of
vitamin K supplementation on RA. However, this study mainly focused on the biomarker
of joint destruction (serum levels of matrix metalloproteinase-3) and reported that data on
clinical activity (DAS-28) are limited. DAS-28 seemed to decrease in the vitamin K group
(—12.56%, p = 0.041) compared with baseline. However, this decrease was not statistically
significant compared with the placebo group.

3.4.3. Folic Acid Supplementation

Two double-blind randomized controlled trials assessed the efficacy of folic acid
supplementation in both reducing RA activity and preventing methotrexate-related adverse
effects [17,18].

In their trial, Stamp et al. compared two doses of folic acid (5 and 0.8 mg/week) in
patients with active RA (defined by a DAS-28 of 3.2 or greater) in 40 patients. There was
no significant difference in the change in DAS-28 between the two regimens at 6 months:
—0.13; 95% CI [-0.69; 0.43] in the 5 mg group versus —0.25; 95% CI [-0.87;0.37] in the
0.8 mg group; p = 0.78. There was also no significant difference in methotrexate-related
adverse effects between the two groups.

In the second trial, Morgan et al. aimed to determine the effect of two different weekly
doses of folic acid (5 or 27.5 mg) compared with placebo on the efficacy and toxicity of
methotrexate therapy on 94 patients. At either dose, folic acid supplementation did not
affect the efficacy of methotrexate therapy as judged by joint indices for tenderness and
swelling and HAQ. However, patients given folic acid supplementation had lower toxicity
scores than participants given placebo (p < 0.001) with no difference between the two
regimens.

3.4.4. Vitamin D Supplementation

Eight studies assessed the efficacy of different vitamin D supplementation (calcitriol,
cholecalciferol, alfacalcidol, 22-oxa-calcitriol) [19-26]. Among them, only three studies
(Soubrier, Dehghan and Hansen) included patients with proven vitamin D deficiency. Data
on the evolution on vitamin D levels under supplementation were available in these studies
(Li, Salesi, Hansen).

Two of them (Dehghan and Yang) assessed the efficacy of vitamin D supplementation
on the risk of flare on RA patients in remission [21,26]. Flares were defined by a DAS-28
score > 3.2 by Yang et al., but not defined by Dehghan et al. None of the studies found a
statistically significant reduction in RA recurrence with vitamin D supplementation. Risk
of bias in Yang’s study was high due to the open-label design. Recurrence risk has already
been meta-analysed, with an insignificant reduction in recurrence rates (risk difference
—0.10, 95% CI [—0.21; 0.00]; p = 0.05), with a low heterogeneity (12 = 0%) [27].

The other six studies assessed the efficacy of vitamin D supplementation on active
RA patients, with or without vitamin D deficiency. Evolution of DAS-28 under vitamin
D supplementation was assessed in three studies (Soubrier, Salesi and Hansen) [19,22,24];
none of them found a statistically significant change compared with placebo. We meta-
analysed DAS-28 after the end of follow-up in intervention and control groups (Figure 5).
Among 178 patients, the mean difference [95% CI] in DAS-28 was —0.32 [—0.70; 0.05]
(p =0.09), thus not statistically significant. There was no heterogeneity in the studies
(1% = 0%).

VAS pain reduction was assessed in five studies (Soubrier, Hansen, Salesi, Li and
Gopinath) with contradictory results [19,20,22,24]. In their study, Hansen et al. found a
statistically significant increase in VAS pain compared with placebo. Soubrier et al. and
Salesi et al. did not find any differences between the vitamin D and placebo group. More
recently, Li et al. found a statistically significant decrease in VAS pain in both 22-oxa-
calcitriol and calcitriol groups compared with placebo, with no differences between those
two groups. In their study, Gopinath et al. assessed the time to achieve pain relief and the
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proportion of patients with reduction in VAS pain. There were more patients with pain
reduction in the intervention arm (p = 0.006). Risk of bias of this study was high due to the
open-label design. We meta-analysed VAS pain after the end of follow-up in intervention
and control groups (Figure 6). Among 420 patients, the mean difference [95% CI] in VAS
pain was 0.24 [—0.88; 1.35] (p = 0.09), thus not statistically significant. There was high
heterogeneity in the studies (12 = 88%).

vitamin D Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Hansen KE 2014(24) 303 113 11 286 1.14 11 158% 007 [-0.881.02]
SalesiM 2012 (22) 42 1.2 50 47 21 48 309% -050[1.18,0.18] I S
SoubrierM 2018 (19) 303 1.1 28 337 089 30 531% -0.34[-0.86,0.18] —a—
Total (95% Cl) 89 89 100.0% -0.32[-0.70,0.05] e
Heterogeneity: Chi*=0.92, df= 2 (P=0.63); F=0% 5_2 =1 5 1= 25

Test for overall effect: Z=1.68 (P = 0.09)

Favours [vitamin D] Favours [control]

Figure 5. Meta-analysis of randomized controlled trials assessing the efficacy of vitamin D supplementation on DAS-28.

Fixed effect model.

Vitamin D
SD Total Mean

Study or Subgroup  Mean

Mean Difference
IV, Random, 95% CI

Control Mean Difference
SD Total Weight IV, Random, 95% CI

Hansen KE 2014 (24) 3.87
LiC 2018 (20) 5.04
SalesiM 2012 (22) 457
SoubrierM 2018 (19)  3.76

Total (95% CI)

11 242 19 11 192% 1.45[-0.14,3.04]
123 589 053 123 31.2% -0.85[098,-0.72 &
50 387 204 48 27.0% 0.70 [-0.10,1.50] T
25 381 221 27 225%  -0.05[1.30,1.20] —
209 209 100.0%  0.19[-0.93,1.31] #
Heterogeneity: Tau®=1.04; Chi*= 23.18, df= 3 (P < 0.0001); F=87% 5_4 52 D é 41'

Testfor overall effect Z=0.34 (P=0.74)

Favours [experimental] Favours [control]

Figure 6. Meta-analysis of randomized controlled trials assessing the efficacy of vitamin D supplementation on visual

analog scale for pain. Fixed effect model.

In the study of Soubrier et al., after adjusting for age, gender, season, and initial vitamin
D status, significant improvements in ESR and CRP levels were noted in the vitamin
D group as compared to placebo groups, with p-values of 0.002 and 0.04, respectively.
Risk of bias in Soubrier’s study was moderate. Finally, Brohult et al. assessed apparent
objective and subjective symptom improvement and found a higher improvement rate in
the calciferol group (67 vs. 36%). However, the absence of definition of the improvement
makes those findings difficult to interpret.

4. Discussion
4.1. Summary of Evidence

There were only a few randomized controlled trials which investigated the efficacy of
vitamin supplementation only on RA. Thus, there might be not enough evidence to properly
determine the efficacy of vitamin supplementation on RA symptoms and recurrence.

Regarding vitamin E, only two studies evaluated the benefit of vitamin E supplemen-
tation with contradictory results. While there were no differences compared with placebo
regarding SJC, TJC, DAS-28 in both studies, results were different for VAS pain, where
Edmonds et al. found a benefit in vitamin E supplementation. The reduction in VAS pain
was, however, not clinically relevant. Both studies were conducted at different time periods
(1997 and 2008) with different treatments, and assessed two different regimens of vitamin
E, which can partially explain those results. Nevertheless, pooling both studies in our
meta-analysis led to no differences regarding VAS pain. Thus, the effect of vitamin E, if any,
seems to be limited, and the evidence is too weak to recommend this supplementation for
RA patients.
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Regarding vitamin K supplementation, with only one study which did not find
any statistically significant differences in DAS-28 reduction compared with placebo, the
evidence is also too limited to recommend this supplementation.

Regarding folic acid supplementation, randomized controlled studies evaluated the
efficacy in both reducing RA activity and preventing methotrexate-related adverse effects
with different regimens. In those studies, there were no difference regarding DAS-28
reduction, joint indices for tenderness and swelling. However, patients with folic acid
supplementation had lower methotrexate-related toxicity. Thus, while there might be no
benefit of folic acid supplementation in RA patients not treated with methotrexate, folic
acid should be given to patients treated with methotrexate to prevent its side effects, as
stated in current treatment guidelines [9,28].

Finally, vitamin D supplementation has been assessed in two different situations:
first, among RA patients in remission, for whom the risk of recurrence was evaluated in
a previously published meta-analyses showing an insignificant reduction in recurrence
rates; second, among active RA patients, to evaluate the benefit of this supplementation
in reducing RA activity and symptoms. Regarding DAS-28 reduction, while none of the
studies showed a benefit in vitamin D supplementation, the meta-analysis of the two studies
(Hansen and Salesi) performed by Franco et al. [27] and ours assessing DAS-28 found no
significant effect of vitamin D on DAS-28 reduction. Of note, both Franco’s and our meta-
analyses were performed comparing the absolute values of DAS28 at follow-up between
intervention and control group, rather than variations of DAS28 in the two groups, as these
data were not available. As DAS-28 was relatively similar at baseline between the two
groups, we believe that this method is acceptable. Regarding VAS pain, our meta-analysis
did not show any significant effect of vitamin D. Nevertheless, studies assessing vitamin D
supplementation are highly heterogeneous, and several factors could partly explain those
discrepancies. Indeed, different vitamin D regimens were evaluated, and inclusion criteria
varied across studies (patients in remission or active RA; vitamin D deficiency [19,21,24]
or not), which makes comparisons across studies difficult. In addition, only three studies
evaluated 25-OH vitamin D levels before and after supplementation (Table 3), and the
increase in vitamin D levels was often limited, thus vitamin D supplementation might not
be sufficient to provide any anti-inflammatory effect. Thus, if any, the effect of vitamin
D on RA flares and RA activity seems to be limited. Evidence is currently lacking to
recommend a systematic supplementation for this goal. However, as vitamin D deficiency
is extremely frequent among the general population and RA patients, and is associated
with an increased osteopenia and osteoporosis risk, especially within women and older
patients with RA, patients with vitamin D deficiency should be supplemented for this
specific aim [29,30]. Physicians may, however, be aware of potential side effects of vitamin
D supplementation, including hypercalcemia and hypercalciuria [31].

4.2. Limitations

We acknowledge some limitations to our SLR and meta-analysis. First, there were
numerous types of vitamin supplementation, even within the same category, different sup-
plementation schemes, inclusion criteria and outcome definitions. Studies were conducted
at different periods of time, with different standard of care regarding treatments, which
can influence disease outcomes.

Moreover, many studies were excluded from potential meta-analyses because im-
portant data could not be extracted such as the difference between baseline and end-
of-treatment in both groups. Our meta-analyses on vitamin D pooled data at 3, 6 and
12 months which could be criticized. Finally, the quality of trials varied, as we had some
concerns in randomization for six trials, and two trials (Gopinath and Yang) were not
blinded, thus compromising the reliability of these data.
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5. Conclusions

Few studies assessed the benefit of vitamin supplementation on RA activity and
recurrence rate. Evidence is currently lacking to recommend any vitamin supplementation
to control disease activity, and further well-conducted RCTs are needed to complete our
knowledge on this topic. Data regarding SpA or PsA are lacking.

However, folic acid supplementation should be suggested to prevent methotrexate-
related side effects, and vitamin D should be given to patients with vitamin D deficiency
to prevent musculo-skeletal complications and in case of glucocorticoid treatment, as rec-
ommended in international guidelines for the prevention and treatment of glucocorticoid-
induced osteoporosis [32,33].
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Appendix A. Search Strategy

“Vitamins”[Mesh] OR vitamins OR vitamin OR « vitamin B » OR « vitamin C » OR “Vi-
tamin D3 24-Hydroxylase”[Mesh] OR “Sodium-Coupled Vitamin C Transporters”[Mesh]
OR “Vitamin D Response Element”[Mesh] OR “Vitamin B 6”[Mesh] OR “Vitamin E”[Mesh]
OR “Vitamin D-Binding Protein”[Mesh] OR “Vitamin D”[Mesh] OR “Vitamin B 12”[Mesh]
OR “Vitamin A”[Mesh] OR “Calcitriol”[Mesh] OR “Ascorbic Acid Deficiency”[Mesh] OR
“aescorin” [Supplementary Concept] OR “Ergosterol”[Mesh] OR “Folic Acid”[Mesh] OR
“vitamin D2 glucosiduronate” [Supplementary Concept] OR “vitamin D2 sulfate” [Sup-
plementary Concept] OR “vitamin D3 glucosiduronate” [Supplementary Concept] OR
“Tretinoin”[Mesh] OR “Cholecalciferol”[Mesh] OR “1,25-dihydroxy-26-(hydroxymethyl)
vitamin D3” [Supplementary Concept] OR “alpha-lipoic acid, 4-aminobenzoic acid, aniline,
benfotiamine, thioctic Acid, vitamin E drug combination” [Supplementary Concept] OR
“1,25-dihydroxy-5,6-16-ene-vitamin D3” [Supplementary Concept] OR “1,25-dihydroxy-22-
ene-vitamin D3” [Supplementary Concept] OR “1,25-dihydroxy-21-(3-hydroxy-3- methyl-
butyl)vitamin D(3)” [Supplementary Concept] OR “vitamin D 1-alpha hydroxylase” [Sup-
plementary Concept] OR “dihydroxy-vitamin D3” [Supplementary Concept] OR “1,25-
dihydroxy-16,23-diene vitamin D3” [Supplementary Concept] OR “Vitamin A”[Mesh]
OR “Vitamin A” OR “Tretinoin”[Mesh] OR “Tretinoin” OR “Alitretinoin “[Mesh] OR «
Alitretinoin » OR “Vitamin B Complex”[Mesh] OR « vitamin B » OR « vitamin B6 » OR
«vitamin B12 » OR « Ascorbic Acid”[Mesh] OR « Ascorbic Acid” OR “Dehydroascorbic
Acid” [Mesh] OR “Dehydroascorbic Acid” OR “Vitamin D”[Mesh] OR « Vitamin D » OR
“Ergocalciferols”[Mesh] OR « Ergocalciferols » OR “Cholecalciferol”[Mesh] OR « Cholecal-
ciferol » OR “Hydroxycholecalciferols”[Mesh] OR “Dihydroxycholecalciferols”[Mesh] OR
“Calcitriol”[Mesh] OR “Vitamin E”[Mesh] OR « Vitamin E » OR “Tocopherols”[Mesh] OR «
Tocopherols » OR “Tocotrienols”[Mesh] OR « tocotrienols ») AND (“Spondylitis, Anky-
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losing”[Mesh] OR ankylosis OR Spondylarthritis OR Spondylarthropathies OR “Arthritis,
Rheumatoid”[Mesh] OR “rheumatoid arthritis” OR “rheumatoid” OR “Caplan Syndrome”
OR “Felty Syndrome” OR “Rheumatoid Nodule” OR “Rheumatoid Vasculitis” OR “Arthri-
tis, Psoriatic”[Mesh] OR “Psoriasis” OR “Arthritic Psoriasis” OR “Psoriatic Arthritis”
OR “Psoriasis Arthropathica” OR “Psoriatic Arthropathy” OR “Arthropathies, Psoriatic”
OR “Arthropathy, Psoriatic” OR “Psoriatic Arthropathies”) NOT “Administration, Cuta-
neous”[Mesh]) NOT “Administration, Topical” [Mesh] NOT “administration cutaneous”
NOT “administration topical”.

Appendix B

Table A1. Quality assessment based on Jadad score of randomized controlled trials reviewed.

Study Randomization  Blinding Account of All Patients Total
Aryaeian et al. [14] 2 2 1 5
Edmonds et al. [15] 1 2 1 4
Shishavan et al. [16] 2 2 1 5

Stamp et al. [17] 2 2 1 5
Morgan et al. [18] 2 2 1 5
Soubrier et al. [19] 1 2 0 3
Lietal. [20] 2 2 1 5
Dehghan et al. [21] 1 2 1 4
Salesi et al. [22] 1 2 1 4
Gopinath et al. [23] 2 0 1 3
Hansen et al. [24] 2 2 0 4
Brohult et al. [25] 1 2 0 3
Yang et al. [26] 1 0 0 1

References

1. Provvedini, D.M.; Tsoukas, C.D.; Deftos, L.J.; Manolagas, S.C. 1,25-Dihydroxyvitamin D3 Receptors in Human Leukocytes.
Science 1983, 221, 1181-1183. [CrossRef] [PubMed]

2. Daniel, C,; Sartory, N.A.; Zahn, N.; Radeke, H.H.; Stein, ]. M. Inmune Modulatory Treatment of Trinitrobenzene Sulfonic Acid
Colitis with Calcitriol Is Associated with a Change of a T Helper (Th) 1/Th17 to a Th2 and Regulatory T Cell Profile. J. Pharmacol.
Exp. Ther. 2008, 324, 23-33. [CrossRef] [PubMed]

3.  Boonstra, A.; Barrat, EJ.; Crain, C.; Heath, V.L.; Savelkoul, H.F,; O’Garra, A. lalpha,25-Dihydroxyvitamin D3 Has a Direct Effect
on Naive CD4(+) T Cells to Enhance the Development of Th2 Cells. J. Immunol. Baltim. Md 1950 2001, 167, 4974-4980. [CrossRef]

4. Guillot, X.; Semerano, L.; Decker, P; Falgarone, G.; Boissier, M.-C. Pain and Immunity. Jt. Bone Spine 2012, 79, 228-236. [CrossRef]

5. Cantorna, M.T,; Hayes, C.E.; DeLuca, H.E. 1,25-Dihydroxycholecalciferol Inhibits the Progression of Arthritis in Murine Models
of Human Arthritis. . Nutr. 1998, 128, 68-72. [CrossRef]

6.  Hitchon, C.A ; El-Gabalawy, H.S. Oxidation in Rheumatoid Arthritis. Arthritis Res. Ther. 2004, 6, 265-278. [CrossRef]

7. Okamoto, H. Vitamin K and Rheumatoid Arthritis. IUBMB Life 2008, 60, 355-361. [CrossRef]

8.  Akbari, S.; Rasouli-Ghahroudi, A.A. Vitamin K and Bone Metabolism: A Review of the Latest Evidence in Preclinical Studies.
BioMed Res. Int. 2018, 2018, 4629383. [CrossRef]

9.  Smolen, ].S.; Landewé, R.B.M,; Bijlsma, ].W.J.; Burmester, G.R.; Dougados, M.; Kerschbaumer, A.; McInnes, I.B.; Sepriano, A.;
Vollenhoven, R.EV.; Wit, M.D.; et al. EULAR Recommendations for the Management of Rheumatoid Arthritis with Synthetic and
Biological Disease-Modifying Antirheumatic Drugs: 2019 Update. Ann. Rheum. Dis. 2020, 79, 685-699. [CrossRef]

10. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. PRISMA Group Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

11. Cochrane Handbook for Systematic Reviews of Interventions. Available online: /handbook/current (accessed on 6 October 2020).

12.  McGuinness, L.A.; Higgins, J.P.T. Risk-of-Bias VISualization (Robvis): An R Package and Shiny Web App for Visualizing
Risk-of-Bias Assessments. Res. Synth. Methods 2020. [CrossRef] [PubMed]

13.  Appendix: Jadad Scale for Reporting Randomized Controlled Trials. In Evidence-Based Obstetric Anesthesia; John Wiley & Sons,
Ltd.: Hoboken, NJ, USA, 2007; pp. 237-238. ISBN 978-0-470-98834-3.

14. Aryaeian, N.; Shahram, F.; Djalali, M.; Eshragian, M.R.; Djazayeri, A.; Sarrafnejad, A.; Salimzadeh, A.; Naderi, N.; Maryam, C.

Effect of Conjugated Linoleic Acids, Vitamin E and Their Combination on the Clinical Outcome of Iranian Adults with Active
Rheumatoid Arthritis. Int. J. Rheum. Dis. 2009, 12, 20-28. [CrossRef] [PubMed]


http://doi.org/10.1126/science.6310748
http://www.ncbi.nlm.nih.gov/pubmed/6310748
http://doi.org/10.1124/jpet.107.127209
http://www.ncbi.nlm.nih.gov/pubmed/17911375
http://doi.org/10.4049/jimmunol.167.9.4974
http://doi.org/10.1016/j.jbspin.2011.10.008
http://doi.org/10.1093/jn/128.1.68
http://doi.org/10.1186/ar1447
http://doi.org/10.1002/iub.41
http://doi.org/10.1155/2018/4629383
http://doi.org/10.1136/annrheumdis-2019-216655
http://doi.org/10.1371/journal.pmed.1000097
/handbook/current
http://doi.org/10.1002/jrsm.1411
http://www.ncbi.nlm.nih.gov/pubmed/32336025
http://doi.org/10.1111/j.1756-185X.2009.01374.x
http://www.ncbi.nlm.nih.gov/pubmed/20374312

Nutrients 2021, 13, 107 17 of 17

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Edmonds, S.E.; Winyard, P.G.; Guo, R.; Kidd, B.; Merry, P; Langrish-Smith, A.; Hansen, C.; Ramm, S.; Blake, D.R. Putative
Analgesic Activity of Repeated Oral Doses of Vitamin E in the Treatment of Rheumatoid Arthritis. Results of a Prospective
Placebo Controlled Double Blind Trial. Ann. Rheum. Dis. 1997, 56, 649—-655. [CrossRef] [PubMed]

Shishavan, N.G.; Gargari, B.P,; Kolahi, S.; Hajialilo, M.; Jafarabadi, M.A.; Javadzadeh, Y. Effects of Vitamin K on Matrix
Metalloproteinase-3 and Rheumatoid Factor in Women with Rheumatoid Arthritis: A Randomized, Double-Blind, Placebo-
Controlled Trial. . Am. Coll. Nutr. 2016, 35, 392-398. [CrossRef] [PubMed]

Stamp, L.K.; O'Donnell, J.L.; Frampton, C.; Drake, J.; Zhang, M.; Barclay, M.; Chapman, P.T. A Pilot Randomized Controlled
Double-Blind Trial of High- Versus Low-Dose Weekly Folic Acid in People With Rheumatoid Arthritis Receiving Methotrexate:
JCR. J Clin. Rheumatol. 2019, 25, 284-287. [CrossRef] [PubMed]

Morgan, S.L.; Baggott, J.E.; Vaughn, W.H.; Austin, ].S.; Veitch, T.A.; Lee, ].Y.; Koopman, W.J.; Krumdieck, C.L.; Alarcon, G.S.
Supplementation with Folic Acid during Methotrexate Therapy for Rheumatoid Arthritis: A Double-Blind, Placebo-Controlled
Trial. Ann. Intern. Med. 1994, 121, 833-841. [CrossRef]

Soubrier, M.; Lambert, C.; Combe, B.; Gaudin, P.; Thomas, T.; Sibilia, J.; Dougados, M.; Dubost, ].-]. A Randomised, Double-Blind,
Placebo-Controlled Study Assessing the Efficacy of High Doses of Vitamin D on Functional Disability in Patients with Rheumatoid
Arthritis. Clin. Exp. Rheumatol. 2018, 36, 1056-1060.

Li, C.; Yin, S.; Yin, H,; Cao, L.; Zhang, T.; Wang, Y. Efficacy and Safety of 22-Oxa-Calcitriol in Patients with Rheumatoid Arthritis:
A Phase II Trial. Med. Sci. Monit. Int. Med. J. Exp. Clin. Res. 2018, 24, 9127-9135. [CrossRef]

Dehghan, A.; Rahimpour, S.; Soleymani-Salehabadi, H.; Owlia, M.B. Role of Vitamin D in Flare Ups of Rheumatoid Arthritis.
Z. Rheumatol. 2014, 73, 461-464. [CrossRef]

Salesi, M.; Farajzadegan, Z. Efficacy of Vitamin D in Patients with Active Rheumatoid Arthritis Receiving Methotrexate Therapy.
Rheumatol. Int. 2012, 32, 2129-2133. [CrossRef]

Gopinath, K.; Danda, D. Supplementation of 1,25 Dihydroxy Vitamin D3 in Patients with Treatment Naive Early Rheumatoid
Arthritis: A Randomised Controlled Trial: Vitamin D in RA. Int. . Rheum. Dis. 2011, 14, 332-339. [CrossRef] [PubMed]
Hansen, K.E.; Bartels, C.M.; Gangnon, R.E.; Jones, A.N.; Gogineni, ]. An Evaluation of High-Dose Vitamin D for Rheumatoid
Arthritis: JCR. J. Clin. Rheumatol. 2014, 20, 112-114. [CrossRef] [PubMed]

Brohult, J.; Jonson, B. Effects of Large Doses of Calciferol on Patients with Rheumatoid Arthritis: A Double-Blind Clinical Trial.
Scand. |. Rheumatol. 1973, 2, 173-176. [CrossRef] [PubMed]

Yang, J.; Liu, L.; Zhang, Q.; Li, M.; Wang, J. Effect of Vitamin D on the Recurrence Rate of Rheumatoid Arthritis. Exp. Ther. Med.
2015, 10, 1812-1816. [CrossRef] [PubMed]

Franco, A.S.; Freitas, T.Q.; Bernardo, W.M.; Pereira, R ML.R. Vitamin D Supplementation and Disease Activity in Patients with
Immune-Mediated Rheumatic Diseases: A Systematic Review and Meta-Analysis. Medicine 2017, 96, €7024. [CrossRef] [PubMed]
Daien, C.; Hua, C.; Gaujoux-Viala, C.; Cantagrel, A.; Dubremetz, M.; Dougados, M.; Fautrel, B.; Mariette, X.; Nayral, N.; Richez,
C.; et al. Update of French Society for Rheumatology Recommendations for Managing Rheumatoid Arthritis. Jt. Bone Spine 2019,
86, 135-150. [CrossRef]

Avouag, J.; Koumakis, E.; Toth, E.; Meunier, M.; Maury, E.; Kahan, A.; Cormier, C.; Allanore, Y. Increased Risk of Osteoporosis
and Fracture in Women with Systemic Sclerosis: A Comparative Study with Rheumatoid Arthritis. Arthritis Care Res. 2012, 64,
1871-1878. [CrossRef]

Bragazzi, N.L.; Watad, A.; Neumann, S.G.; Simon, M.; Brown, S.B.; Abu Much, A.; Harari, A,; Tiosano, S.; Amital, H.; Shoenfeld, Y.
Vitamin D and Rheumatoid Arthritis: An Ongoing Mystery. Curr. Opin. Rheumatol. 2017, 29, 378-388. [CrossRef]

Billington, E.O.; Burt, L.A.; Rose, M.S.; Davison, E.M.; Gaudet, S.; Kan, M.; Boyd, S.K.; Hanley, D.A. Safety of High-Dose Vitamin
D Supplementation: Secondary Analysis of a Randomized Controlled Trial. J. Clin. Endocrinol. Metab. 2020, 105, 1261-1273.
[CrossRef]

Buckley, L.; Guyatt, G.; Fink, H.A.; Cannon, M.; Grossman, J.; Hansen, K.E.; Humphrey, M.B.; Lane, N.E.; Magrey, M.; Miller,
M,; et al. 2017 American College of Rheumatology Guideline for the Prevention and Treatment of Glucocorticoid-Induced
Osteoporosis. Arthritis Rheumatol. Hoboken NJ 2017, 69, 1521-1537. [CrossRef]

Hoes, ].N.; Jacobs, ].W.G.; Boers, M.; Boumpas, D.; Buttgereit, F.; Caeyers, N.; Choy, E.H.; Cutolo, M.; Da Silva, ].A.P; Esselens, G.;
et al. EULAR Evidence-Based Recommendations on the Management of Systemic Glucocorticoid Therapy in Rheumatic Diseases.
Ann. Rheum. Dis. 2007, 66, 1560-1567. [CrossRef] [PubMed]


http://doi.org/10.1136/ard.56.11.649
http://www.ncbi.nlm.nih.gov/pubmed/9462166
http://doi.org/10.1080/07315724.2015.1026004
http://www.ncbi.nlm.nih.gov/pubmed/26156560
http://doi.org/10.1097/RHU.0000000000000848
http://www.ncbi.nlm.nih.gov/pubmed/30001258
http://doi.org/10.7326/0003-4819-121-11-199412010-00002
http://doi.org/10.12659/MSM.911628
http://doi.org/10.1007/s00393-013-1297-4
http://doi.org/10.1007/s00296-011-1944-5
http://doi.org/10.1111/j.1756-185X.2011.01684.x
http://www.ncbi.nlm.nih.gov/pubmed/22004229
http://doi.org/10.1097/RHU.0000000000000072
http://www.ncbi.nlm.nih.gov/pubmed/24561419
http://doi.org/10.3109/03009747309097085
http://www.ncbi.nlm.nih.gov/pubmed/4129296
http://doi.org/10.3892/etm.2015.2747
http://www.ncbi.nlm.nih.gov/pubmed/26640554
http://doi.org/10.1097/MD.0000000000007024
http://www.ncbi.nlm.nih.gov/pubmed/28591033
http://doi.org/10.1016/j.jbspin.2018.10.002
http://doi.org/10.1002/acr.21761
http://doi.org/10.1097/BOR.0000000000000397
http://doi.org/10.1210/clinem/dgz212
http://doi.org/10.1002/art.40137
http://doi.org/10.1136/ard.2007.072157
http://www.ncbi.nlm.nih.gov/pubmed/17660219

	Introduction 
	Materials and Methods 
	Search Strategy 
	Inclusion Criteria 
	Data Extraction 
	Quality Assessment 
	Statistical Analysis 

	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias within Studies 
	Outcomes 
	Vitamin E Supplementation 
	Vitamin K Supplementation 
	Folic Acid Supplementation 
	Vitamin D Supplementation 


	Discussion 
	Summary of Evidence 
	Limitations 

	Conclusions 
	Search Strategy 
	
	References

