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ABSTRACT
Background : Rheumatoid arthritis (RA) is long-term autoimmune disorder that primarily affects
the joints. Vitamin D has a role in the activity and pathogenesis of RA. The aim of this study is to
determine the correlation of vitamin D and anti-cyclic citrullinated peptide (anti-CCP) with disease
activity in RA patients. Methods: A case-control study was conducted between November 2021
and February 2022. A questionnaire was designed to obtain demographic and clinical data from
both males and females over 18 years old who did not take vitamin D supplements. A total of 142
blood samples were collected in sterile containers from RA patients. Serum vitamin D and anti-CCP
levels from cases and control samples were measured using ELISA. Results: Of the cases, 77.45%
were females and 22.55%were males, whereas 67.5% of the controls were females and 32.5% were
males. The average age of the cases and controls was 48.1 ± 1.06 years and 34.0 ± 1.04 years,
respectively. The level of vitamin D was 32.5± 1.8 in the cases and 19.1± 1.6 in the controls. The
level of anti-CCP was 42.1 ± 1.6 in the cases and 0.52 ± 1.4 in the controls. Vitamin D deficiency
level ratio was 21.7% for the cases and 61% for controls, vitamin D insufficiency ratio was 30.4% for
the cases and 18% for controls, and vitamin D sufficiency ratio was 47.9% for the cases and 21%
for controls. Conclusions: There was an inverse negative correlation between vitamin D level and
disease activity in RA patients.
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INTRODUCTION
Rheumatoid arthritis (RA) is long-term autoimmune
disorder that primarily affects the joints1. Approxi-
mately 1% of the population is affected by this disor-
der, with a ratio of 3:1 in females vs males2. In 2011,
nearly 11.9 million people around the world experi-
enced disability caused by RA3. The cause of RA is
not clear; however, alcohol consumption4 and silica
exposure have been linked to RA5.
Vitamin D is a secosteroid hormone involved in bone
and calcium metabolism6. It is produced in the skin
under ultraviolet radiation from the pro-vitamin 7-
dehydrocholesterol and can be absorbed from food in
small amounts7. Limited uptake of calciumandphos-
phate are correlated with vitamin D deficiency, which
leads to a decrease in bone mineralization, bone soft-
ening in adults, and rachitis in children shown as clin-
ical symptoms when Vitamin D deficiency occur8,9.
Vitamin D deficiency has been implicated in the
pathogenesis of autoimmune diseases, such as type
1 diabetes and multiple sclerosis. Reduced vitamin
D intake has been linked to increased susceptibility
to the development of RA, and vitamin D deficiency
has been found to be associated with disease activity

in patients with RA10. RA is a cardiovascular risk
factor. Low serum levels of vitamin D may increase
blood pressure and decrease high-density lipoprotein
(HDL) cholesterol levels11.

Anti-cyclic citrullinated peptide (anti-CCP) antibod-
ies have been used as highly specific and sensitive
markers in the diagnosis of RA in recent years12.

Vitamin D has recently been recognized to have a role
in the activity and pathogenesis of RA13. The aim of
this study was to determine the correlation of serum
vitamin D and anti-CCP antibody levels with disease
activity in patients recently diagnosed with RA.

METHODS

Study population

A case-control study was conducted to determine the
correlation of vitamin D and anti-CCP with disease
activity inRApatients. The study population included
all RA patients in Khartoum hospitals, both male and
female, above 18 years of agewho did not take vitamin
D supplements.
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Inclusion criteria
All RA patients in Khartoum State hospitals (Sudan)
above 18 years of age who did not take vitamin D sup-
plements.

Exclusion criteria
Non-RA patients, patients outside of Khartoum State
hospitals (Sudan), patients 18 years of age or younger,
and patients taking any vitamin D supplements.

Study area andmaterials
The study was conducted at Al-Rayan Medical Di-
agnostic Center during the period between Novem-
ber 2021 and February 2022. The material used
in the study included multi-channel pipettes and
micro-pipettes, an automated wash system, micro-
plate reader with 450 nm or 620 – 680 nm filters, and
a -20◦C refrigerator.

Demographic and clinical data
A questionnaire was designed to obtain demographic
and clinical data by direct interview with RA pa-
tients in hospitals. The data included age, gender, and
whether they took any vitamin D supplements before
the study.

Sample collection
A total of 142 blood specimens (n = 142) were col-
lected in sterile containers from RA patients. The
serum samples were preserved at -20◦C until process-
ing.

Enzyme-linked immunosorbent assay
(ELISA)
Vitamin D levels for cases and controls were esti-
mated from the collected serum samples using 25-
OH Vitamin D ELISA Diagnostic kits, according to
themanufacturer protocol (EUROIMMUN-EQ6411-
9601). The concentration of anti-CCP in the samples
was measured using ELISA with anti-CCP IgG. The
ELISA test kits provided a semi-quantitative or quan-
titative in vitro assay for the determination of human
autoantibodies of the IgG class against CCPs. The
assay was performed according to the manufacturer
protocol.

Ethics approval and consent to participate
Ethical approval was obtained from the Ministry of
Health Ethical Research Committee in accordance
with the principles of the Declaration of Helsinki, and
permission was granted by hospital administration

prior to sample and data collection. The patients’ in-
formation was highly secured and not used for pur-
poses other than scientific inquiry.
Each participant was asked to sign a written ethical
consent form during the interview, before the spec-
imen was obtained. The informed ethical consent
form was designed and approved by the ethical com-
mittee of the Ministry of Health, Sudan.
Ethical clearance code number: MH-RES/4-021-07
Date: 8/1/2021

Statistical analysis
Data were analyzed using Statistical Package for So-
cial Sciences (SPSS) software version 20 (IBM Corp.,
Armonk, NY, USA). Quantitative data are expressed
as mean ± standard deviation. Qualitative data are
expressed as frequencies and percentages.

RESULTS
The characteristics of the cases in the study popula-
tion were 77.45% female and 22.55% male. Among
the control group, 67.5% were female and 32.5% were
male. The average age of the cases and controls was
48.1 ± 1.06 years and 34.0 ± 1.04 years, respectively.
The level of vitamin D was 32.5± 1.8 in the cases and
19.1± 1.6 in the control group (p < 0.05). The level of
anti-CCP was 42.1 ± 1.6 for the cases and 0.52 ± 1.4
for the controls (p < 0.05) (Table 1).
The prevalence of vitamin D deficiency and insuffi-
ciency defined as a 25(OH)-D level < 20 ng/ml and
< 30 ng/ml, respectively, are presented in Table 2.
The vitamin D deficiency level ratio was 21.7% for
cases and 61% for controls (p < 0.05). The vitamin
D insufficiency ratio was 30.4% for cases and 18% for
controls, whereas the vitamin D sufficiency ratio was
47.9% for cases and 21% for controls. Furthermore,
the vitamin D deficiency level was 27.3% inmales and
28% in females (p < 0.05) (Table 2).

DISCUSSION
Vitamin D deficiency has been linked to several au-
toimmune disorders, including insulin-dependent di-
abetes mellitus, systemic lupus erythematous (SLE),
and RA14. VitaminD has recently been recognized to
have a role in the activity and pathogenesis of RA13.
In the present study, vitamin D levels were lower in
the healthy population than in the RA patients15. In
contrast, vitamin D deficiency in healthy individuals,
especially in women, was high, and these individu-
als did not receive supplementation of 25-OH-D.The
main reasons for the high prevalence of 25-OH defi-
ciency in the healthy population is that Sudan is ge-
ographically located in North Africa, and the natural
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Table 1: The levels of vitamin D and Anti-CCP in
rheumatoid arthritis patients and control groups

Parameters Case (X± SE) Control (X± SE)

Gender

Female 77.45% 67.5%

Male 22.55% 32.5%

Age 34.0± 1.04

Vitamin D level 32.5± 1.8 19.1± 1.6

Anti-CCP level 42.1± 1.6 0.52± 1.4

Table 2: Vitamin D level based on sufficiency, insufficiency
and deficiency ratio

Items RA cases group (%) Control group (%)

Deficiency ratio 21.7 61

Insufficiency ratio 30.4 18

Sufficiency ratio 47.9 21

Vitamin D deficiency level in males and females

Gender Male Female

27.3 28

pigmentation (melanin) in skin color (black) is asso-
ciated with reduced vitamin D production in the skin
of this population. In addition, the median vitamin D
intake of people in our country is below the recom-
mended intake in every age group, with or without
the inclusion of vitamin D from supplements. Sec-
ond, lifestylemay account for this deficiency: reduced
outdoor activities and environmental factors (e.g., air
pollution) that reduce exposure to sunlight, which is
required for ultraviolet B (UVB)-induce vitamin D
production in the skin. Third, there is a lack of ac-
cess to 25-OH-D-enriched food products, such as cod
liver oil, swordfish, salmon, canned tuna, beef liver,
egg yolks, andmushrooms in our country. Lack of ac-
cess to 25-OH-D-enriched food sources leads to nu-
tritional 25-OH-D deficiency.
In this study, 21.7% of RA patients had vitamin D
deficiency. In a recent study, vitamin D deficiency
prevalence was reported to be 48.7%9. We demon-
strated a weak positive correlation between age and
anti-CCP levels among RA patients. There was a sig-
nificant difference between genders among the case
and control groups: females were more affected by
RA disease than men2. Similarly, the incidence of vi-
tamin D deficiency was higher in females than males.
Vitamin D concentrations were lower in patients with
newly diagnosed RA when compared with other pa-
tients.

Correlation co-efficient analysis of serum 25-OH-D
was -0.323 usingmultiple linear regression, indicating
that there was an inverse relationship between serum
25-OH-D levels and the severity of RA (p=0.001).
These finding are in line with studies conducted by
Wang et al.16 and Maurizio Rossini17.
Kostoglou-Athanassiou et al. reported that vitamin D
deficiency was highly prevalent in patients with RA
and that vitamin D deficiency may be linked to dis-
ease severity in RA. As vitamin D deficiency has been
associatedwith diffusemusculoskeletal pain, these re-
sults have therapeutic implications. Vitamin D sup-
plementation may be needed both for the prevention
of osteoporosis and for pain relief in patients with
RA10.
Lee and Bae reported that serum vitamin D levels
were low in patients with RA, vitamin D deficiency
was prevalent in RA patients, and vitamin D level cor-
related inversely with RA activity. The results of our
meta-analysis suggest that vitamin D level is associ-
ated with susceptibility to RA and RA activity 18. Cec-
chetti et al., reported that vitaminDwas inversely cor-
related with RA activity and body mass index11.
A previous study revealed that anti-CCP and rheuma-
toid factor titers may be valuable in the estimation
of disease activity and other inflammatory parame-
ters in RA patients19. Antibodies against CCP were
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thought to be more specific than rheumatoid factor
in RA, and the determination of anti-CCP in addi-
tion to rheumatoid factor could be helpful in serolog-
ical diagnosis and monitoring of patients with RA12.
Hayashi et al., reported that anti-CCP was superior to
other biomarkers in terms of diagnostic accuracy and
that these combined assays were useful in the early di-
agnosis of RA20.
A small sample size and the samples being taken only
from Khartoum State in Sudan, not including other
cities, were the limitations of this study.

CONCLUSIONS
There was a negative inverse correlation between vi-
tamin D level and disease activity in RA patients.

ABBREVIATIONS
Anti-CCP: Anti-cyclic citrullinated peptide, ELISA:
Enzyme-linked immunosorbent assay, RA: Rheuma-
toid arthritis, SLE: systemic lupus erythematous
UVB: Ultraviolet-B
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