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Background: Autoimmune diseases are a group of disorders with heterogeneity in 
epidemiology and in clinical phenotype, characterized by tissue and organ damage 
as a result of auto attack against self antigens. Vitamin D receptors have not only 
been identified in tissues that take part in calcium homeostasis, but also in a 
variety of cell groups that mainly interfere in immune regulation. Epidemiological 
evidence has shown that low levels of vitamin D are related with various 
autoimmune diseases. The aim of our study was to compare vitamin D levels in 
patients with autoimmune diseases and in healthy controls. Materials and 
Methods: The sample group consisted of 100 patients with a confirmed diagnosis of 
an autoimmune disease and 40 healthy volunteers. Use of medications or 
treatments that decrease vitamin D levels or interfere with mass bone loss was a 
strict exclusion criterion. Results: Study results demonstrated statistically significant 
differences in vitamin D levels between patients and healthy controls, regardless of 
possible confounders such as gender, as well as complement C3, complement C4 and 
serum calcium levels. Since these factors presented statistically significant 
differences between patients and healthy controls, they were selected as potential 
confounders. Other clinical or demographic characteristics which significantly 
affect vitamin D levels in patients were not observed. Conclusions: Overall, this 
study highlights the significant role of Vitamin D in autoimmune disease 
development for the first time in the Greek population. A statistically significant 
difference in vitamin D levels between patients and healthy controls was observed. 
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Introduction 

Autoimmune diseases constitute a leading cause of 
death worldwide and they are characterized by the 
targeted destruction of self-tissue by the immune system. 
In the European Union, 1 out of 10 citizens suffer from 
an autoimmune disease. Moreover, 50 million 
Americans are patients with autoimmune diseases [1, 2]. 
In Greece, according to an epidemiological study 
conducted by the Greek Rheumatology Research 
Foundation, the overall age and sex adjusted prevalence 
of rheumatic diseases in the total target adult population 
is 26.9%, being significantly higher among women than 
in men [3]. Despite their relatively high prevalence rate, 
the aetiology and pathogenesis of most autoimmune 
diseases remain unknown. Bacteria, viruses, genetic 
factors, such as ageing, sex hormones and pregnancy, as 
well as environmental factors, such as chemical 
substances, stress and anxiety, affect autoimmune 
disease prevalence and correlate with their appearance or 
outbreak [4, 5]. 

Vitamin D is a steroidal hormone whose main 
function is the regulation of calcium homeostasis, and 
bone formation and reabsorption, through the interaction 
with the parathyroid glands, kidneys and bowel. The 
main source of vitamin D comes from the endogenous 
production in the skin after exposure to ultraviolet B 
light. Diet is a less effective source and is responsible 
only for 20% of the body vitamin D needs. During the 
last decade, scientific data link vitamin D deficiency 
status as a potential environmental factor which affects 
the prevalence of many autoimmune diseases [6,7]. 
Many studies concerning the role of vitamin D in 
immunopathogenesis, have shown that vitamin D 
receptors are present in the tissues that take part in 
calcium homeostasis, as well as in a variety of cell 
groups that interfere in immune regulation 
(monocytes-macrophages, dendritic cells, activated B 
lymphocytes, CD4+ T lymphocytes) [6, 7, 8, 9]. Due to 
its capability to bind to vitamin D receptors and serve as 
a transcriptional factor, vitamin D can regulate gene 
expression and further exert its immunomodulatory 
effects on immune cells. Thus, vitamin D presents many 
biological functions; it not only affects the bone and 
musculoskeletal system, but has a pleiotropic effect in 
the human organism [9, 10]. The aim of our study is a) 
to measure serum vitamin D levels in patients with 
autoimmune diseases and in healthy controls, b) to 
correlate serum vitamin D levels with gender, age and 

type of autoimmune disease, c) to correlate serum 
vitamin D levels with the presence of antinuclear 
antibodies (ANA), ANA titer, ANA fluorescence pattern, 
the presence of extractable nuclear antigen antibodies 
(ENA) and the presence of anti-dsDNA antibodies 
(anti-DNA), d) to correlate serum vitamin D levels with 
serum calcium levels (Ca), serum complement C3 and 
C4 levels in patients with autoimmune diseases and in 
healthy controls, and e) to compare serum vitamin D 
levels between patients and healthy controls. 

MATERIALS AND METHODS 

The present study was conducted at the Laboratory 
of Clinical Biochemistry, “Attikon” University General 
Hospital, Athens, Greece. The patient group consisted of 
100 patients with autoimmune diseases, 40 male and 60 
female, aged between 30 and 65 years. The control 
group consisted of 40 healthy volunteers, 10 male and 30 
female aged between 30 and 65 years. The first 100 
patients who visited the outpatient clinic of 
Rheumatology department were included in the study. 
The control group constituted of blood donors from the 
blood bank unit. All participants in this study had 
consented to the use of their personal health information. 
The collection of information about participants was 
limited to the details necessary to achieve the aims of 
this study. Computer-based files were available only to 
authorized personnel and patient identifiers were 
removed. The study was approved by the ethics 
committee of “Attikon” University General Hospital. 
Exclusion criteria for participating patients were HBV, 
HCV and HIV infection, cancer and chemotherapy, 
steroid drug therapy, anti-depressive drug therapy, 
history of myocardial infarction and history of stroke 
[11, 12]. In the patients’ group, autoimmune diseases 
were distributed as follows: Hashimoto’s disease 16 
cases, systemic lupus erythematosus 28 cases, 
scleroderma 20 cases, Sjögren’s syndrome 7 cases, Crest 
syndrome 5 cases, rheumatoid arthritis 3 cases, primary 
billiary cirrhosis 3 cases, autoimmune vasculitides 9 
cases and miscelanea 9 cases (sarcoidosis, primary 
sclerosing cholangitis, Adamantiades-Behcet disease, 
polymyositis, diabetes mellitus type 1, Chrohn’s disease, 
ankylosing spondylitis and Churg-Strauss syndrome, 1 
case each). Vitamin D measurements were performed 
with the Elecsys® Vitamin D total assay by Roche 
Ηellas S.A., based on the electro chemiluminescence 
(ECLIA) measurement method, on the Roche  
ELECSYS fully automated analyzer.  Method detection 
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limit is 3.00 ng/mL and measuring range is 3.00 – 70.0 
ng/mL. Vitamin D levels <20 ng/mL are characterized as 
vitamin D deficiency, levels between 20 and 30 ng/mL 
as insufficiency and levels >30 ng/mL as sufficiency.  
Method within-run precision is <15 ng/mL:SD≤1.7 
ng/mL, >15 ng/mL: 6.5% and intermediate precision is 
<15 ng/mL: SD≤1.7 ng/mL, >15 ng/mL: 11.5%, 
according to the manufacturer’s analytical characteristics 
inrofmation. 

ANA and anti-DNA were evaluated by indirect 
immunofluorescence on Hep-2 and Crithidia luciliae 
substrate slides, according to the manufacturer’s 
instructions (INOVA Diagnostics Inc., San Diego, CA, 
USA). Antibodies to ENAs (Sm, RNP, SS-A/Ro, 
SS-B/La, Jo-1, and Scl-70), were determined by the 
immunodot qualitative test ENA-dot (Generic Assays 
GmbH, Germany). 

Serum Calcium, Complement C3 and Complement 
C4 levels were measured on the Olympus AU640 fully 
automated analyzer with the PN 1418-200, PN 1418-760 
and PN 1418-0750 respectively, by Medicon Hellas S.A. 
All statistical analyses were performed using MINITAB 
17 statistical package (MINITAB Inc). Between-group 
comparison was undertaken using Mann-Whitney test 
and Kruskal–Wallis test. Linear correlation between two 
variables was evaluated using Pearson correlation 
coefficient. Categorical variables were compared using 
the chi-square test. P values of less than 0.05 were 
considered to be statistically significant [13].  

RESULTS 

Demographic characteristics of patients and controls 
are outlined in Table 1. Only gender is significantly 
different between cases and controls, with a greater 
female predominance in the control group (patients: 63% 
female, controls: 75% female). Vitamin D levels in 
patients ranged from 2.5 to 67.59 ng/mL (mean 23.02 
ng/mL ) and in controls from 28.8 to 75.70 ng/mL (mean 
38.20 ng/mL). Mean vitamin D is significantly different 
between patients and healthy controls (p-value<0.0001). 
These data are summarized in Table 2. Differences in 
vitamin D levels between males and females were not 
observed in any of the two groups (Mann-Whitney test 
p-value 0.177 and 0.984 respectively). Serum Ca levels 
in patients ranged from 8.00 to 10.93 mg/dL (mean 9.67 
mg/dL ) and in controls from 8.30 to 10.30 mg/dL (mean 
9.33 mg/dL). Mean Ca levels are significantly different 
between patients and healthy controls (2-sample T-test 
p-value<0.001). Serum C3 levels in patients ranged from 

66.00 to 151.20 mg/dL (mean 102.38 mg/dL) and in 
controls from 90.00 to 166.00 mg/dL (mean 118.13 
mg/dL). Mean C3 levels are significantly different 
between patients and healthy controls (Mann-Whitney 
test p-value<0.0001). Serum C4 levels in patients ranged 
from 9.70 to 43.60 mg/dL (mean 24.32 mg/dL) and in 
controls from 22.00 to 71.00 mg/dL (mean 53.15 
mg/dL). Mean C4 levels are significantly different 
between patients and healthycontrols (2-sample T-test 
p-value<0.0001). These data are summarized in Table 2. 
In this case we used two different statistical methods  in 
the comparison analysis: Mann-Whitney test was used for 
comparing the Vitamin D and C3 between patients and 
controls because the  data does not follow the normal 
distribution and 2-sample T test was used for comparing 
calcium and C4 between patient and controls, because 
these data follow the normal distribution. Test for 
normality was performed for all data by MINITAB 17 
statistical package. Correlation between vitamin D levels 
and serum Ca levels, C3, C4 and participant age was not 
observed (Pearson correlation coefficients are -0.023, 
-0.268, -0.122 and -0.118 respectively). Out of the 100 
patients with autoimmune diseases 69 presented positive 
ANA. Positive ANA titres were as follows: 1:1280 in 29 
cases, 1:640 in 17 cases, 1:320 in 13 cases and 1:160 in 
10 cases. Fluorescence pattern was speckled in 33 cases, 
nucleolar in 7 cases, homogeneous in 24 cases and 
anti-centromere in 5 cases. Differences in vitamin D 
levels between ANA positive and ANA negative patients 
(Mann-Whitney test p-value 0.7414), between patients 
with different ANA titres (Kruskal Wallis test p-value 
0.865), and between patients with different fluorescence 
patterns (Kruskal Wallis test p-value 0.920) were not 
observed. These data are summarized in Table 3. Out of 
the 100 patients with autoimmune diseases 9 presented 
positive anti-DNA and 20 positive ENAs. Differences in 
vitamin D levels between anti-DNA negative and 
anti-DNA positive patients (Mann-Whitney test p-value 
0.238), between ENA negative and ENA positive 
patients (Mann-Whitney test pvalue 0.480) and between 
different types of autoimmune diseases were not 
observed (Kruskal-Wallis test p-value 0.854) were not 
observed. These data are summarized in Table 3. In this 
case we used two different non parametric statistical 
methods in the comparison analysis: Mann-Whitney test 
was used for comparing the data between two groups, 
while Kruskal Wallis test was used for the comparison of 
more than two groups. Correlations between gender and 
age and ANA, titre, fluorescence pattern or type of 
autoimmune disease were not observed. These data are 
summarized in Table 4. 
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Table 1  Demographic Characteristics of patients and controls 

 
Patients 
(n=100) 

Controls 
(n=40) 

Test 
P-value 

Age 48.27 ± 11.47* 48.48 ± 19.04* 
Mann Whitney 

p=0.77948 

Gender 
--Male 
--Female 

 
37 (37%)** 
63 (63%) 

 
10 (25%)** 
30 (75%) 

 
Chi-Square 

p=0.014 

*:Mean±SD,  **:N(%) 

 
Table 2  Vitamin D, Calcium, Complement C3 and Complement C4, comparison between cases and controls 

 Vitamin D CALCIUM C3 C4 

 pa
tie

nt
s 

co
nt

ro
ls
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co
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ls

 

pa
tie
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s 
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nt
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(N=100) (N=40) (N=95) (N=40) (N=92) (N=40) (N=93) (N=40) 

 23.02±14.84* 38.20±8.12 9.67±0.62 9.33±0.45 102.38±16.90 118.13±18.20 24.32±6.41 53.15±12.15

 1.48** 1.28 8.00 0.07 1.76 2.88 0.66 1.92 

 2.50*** 28.80 0.06 8.30 66.00 90.00 9.70 22.00 

 67.59**** 75.70 10.93 10.30 151.20 166.00 43.60 71.00 

 10.28***** 33.23 9.20 9.03 93.25 102.25 21.00 45.00 

 21.96****** 36.75 9.68 9.25 99.00 116.00 24.50 55.00 

 33.86******* 41.38 10.00 9.60 111.15 132.00 27.65 64.00 

Test 
p-value 

Mann-Whitney 
<0,0001 

2-sample T test 
0,001 

Mann-Whitney 
<0,0001 

2-sample T test 
<0,0001 

*:Mean±SD, **: Standard error of Mean, ***: Minimum, ****: Maximum, *****:1st quartile, ******: Median, *******: 3rd quartile  

 
 

DISCUSSION 

Vitamin D, beyond its role in calcium homeostasis, 
has a potential influence in the development of 
autoimmune diseases. In the literature, vitamin D levels 
have been studied in different autoimmune diseases and 
the relationship between vitamin D deficiency and their 
prevalence has been demonstrated [4, 6, 7, 8]. The 
vitamin D regulatory system is very complex and 
interactions between genes may affect autoimmune 
disease susceptibility [8, 9, 10]. Autoimmune diseases 
are characterized by a loss of immune homeostasis 
resulting in the destruction of body tissue by immune 
cells, as a result of genetic, epidemiological and 
environmental factors. The availability of sufficient 
vitamin D levels is an important environmental factor as 
various epidemiological studies suggest [7, 8]. The aim 
of the present study was to investigate the prevalence of 

vitamin D insufficiency or deficiency in Greek patients 
with autoimmune diseases, as well as in healthy controls. 
Moreover, in this study we examined all possible 
correlations between vitamin D levels and serum Ca, 
serum C3 and C4, age, gender, ANA presence, ANA 
titer, ANA fluorescence pattern, anti-DNA and ENA 
presence. 

According to our results, vitamin D levels were 
significantly lower in patients with autoimmune diseases 
than in the control group, and this difference was 
statistically significant. In particular, 42 patients have 
vitamin D deficiency and 25 patients have vitamin D 
insufficiency, compared with none in the control group. 
These findings are in accordance with other studies, 
which have established, an association between 
autoimmune disease and vitamin D deficiency [14-18]. 
In our study we did not observe any correlation between 
vitamin D and gender, or between vitamin D and patient 
age. 
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Table 3  Differences in VitD between ANA (-), ANA(+), ANA titter, fluorescence pattern, anti-dsDNA(+), 
anti-dsDNA(-), ENA (-), ENA (+) and autoimmune disease 

  Vitamin D 

  N      

1st
 q

ua
rt

ile
 

 

3rd
 q

ua
rt

ile
 

Test 

p-value

 

ΑΝΑ 

Negative 31 25.56* 2.95** 16.44*** 2.90**** 66.41***** 11.96 22.29****** 37.34 Mann-

Whitney

0.7414
Positive 69 21.87 1.69 14.03 2.50 67.59 9.51 21.72 32.31

ANA TITTER 

1:1280 29 21.33 2.81 15.15 3.02 67.59 8.21 21.29 30.27

Kruskal 

Wallis

0.865

1:160 10 23.88 3.31 10.45 10.84 48.47 18.37 21.56 27.37

1:320 13 23.01 3.58 12.91 12.91 39.50 10.50 23.08 35.89

1:640 17 20.75 3.78 15.60 15.60 49.24 6.13 20.62 24.72

n∝ 31 25.56 2.95 16.44 16.44 66.41 11.96 22.29 37.34

Fluorescence 

pattern 

C 5 26.10 12.7 28.3 2.50 67.6 2.80 14.9 55.10

Kruskal 

Wallis

0.920

H 24 20.57 2.47 12.08 3.68 49.24 8.94 22.34 28.33

n∝ 31 25.56 2.95 16.44 2.90 66.41 11.96 22.29 37.34

NU 7 21.36 3.97 10.50 6.59 33.96 10.09 22.20 33.55

S 33 22.29 2.39 13.73 3.02 48.47 10.13 21.39 35.86

anti ds-DNA 

Negative 91 22.40 1.56 14.86 2.50 67.59 9.13 21.59 32.18 Mann 

Whitney

0.238
Positive 9 29.27 4.62 13.86 8.10 45.37 46.06 35.84 40.14

ΕΝΑ 

Negative 80 22.81 1.72 15.41 2.50 67.59 9.37 21.49 33.86 Mann 

Whitney

0.940
Positive 20 23.86 2.81 14.58 6.00 47.37 12.42 22.67 34.95

Autoimmune 

disease 

1 Ηashimoto  

thyroiditis 
16 27.37 3.62 14.48 3.92 50.34 17.70 24.37 39.64

Kruskal 

Wallis

0.854

2 SLE 28 23.36 2.53 13.41 3.10 49.24 11.00 22.96 35.00

3 scleroderma 20 19.39 2.70 12.05 4.92 48.47 8.46 19.02 26.16

4 Sjogren’s 

syndrome 
7 23.31 4.80 12.69 7.50 45.37 13.61 20.62 33.96

5 Crest 

Syndrome 
5 26.10 12.70 28.30 2.50 67.6 2.80 14.90 55.10

6 Rheumatoid 

arthritis 
3 23.69 5.47 9.48 14.65 33.55 14.65 22.87 33.55

7 primary 

biliary cirrhosis 
3 17.61 8.42 14.58 3.02 32.18 3.02 17.64 32.18

8 autoimmune 

vasculitides 
9 22.11 6.63 19.88 3.00 66.41 5.83 20.44 31.66

9 miscelanea 9 22.84 5.74 17.23 2.90 53.36 7.01 21.59 35.50

*:Mean, **:Standard error of Mean,  ***:Standard Deviation, ****:Minimum, *****:Maximum, ******:Median 

 
 
 

Table 4  Correlation analyses between gender and age and ANA TITRE, Fluorescence pattern and 
Autoimmune disease 

P-value 

ANA TITRE FLUORESCENCE PATTERN AUTOIMMUNE DISEASE 

Gender 0.770 0.496 0.972 

Age 0.372 0.651 0.118 
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Mean Calcium levels were higher in patients than in 
the control group (9.67 vs 9.33) and this difference was 
statistically significant (p=0,001). This can be attributed 
to secondary hyperparathyroidism and chronicity 
observed in patients with autoimmune disorders, [19, 20, 
21]. Moreover, given that our sample is characterized by 
female predominance, it can be attributed to calcium 
supplement administration for the prevention of 
osteoporosis. However, this study is performed with data 
from computer-based files; information about calcium 
supplement was not available. 

Complement C3 was observed to be lower in 
patients compared to controls, due to disorder of renal 
function in patients with autoimmune diseases. 
Moreover, complement C4 was observed to be lower in 
patients compared to healthy controls [22, 23]. C3 and 
C4 differences between patients and healthy controls 
were statistically significant. 

Vitamin D levels between patients with ANA 
positivity/negativity, different ANA titres, different ANA 
fluorescence pattern, anti-ds DNA positivity/negativity 
and ENA positivity/negativity were not observed. 
Moreover, differences in vitamin D levels between 
patients with different types of autoimmune diseases 
were not observed. These results are not in accordance 
with some studies which have highlightened the 
association between vitamin D deficiency and positivity 
for ANA [25-30]. However, each of these studies 
addresses a particular type of autoimmune disease, while 
the results of our study are applicable to a variety of 
autoimmune diseases. 

Our study is an original one concerning the Greek 
population and it highlights the importance of vitamin D 
in autoimmune disease. In our study we observed that 
vitamin D levels were lower compared to healthy 
controls and this difference was statistically significant. 
However, there are some limitations in our study. The 
size of the study population is small, due to difficulties 
in performing expensive biochemical tests and spending 
resources during recession times. The capacity for 
extrapolation of results from this study is limited by the 
lack of diversity in ethnicity and gender within the 
sample population (female predominance in both patient 
and control groups). Moreover, due to the 
aforementioned limitations many autoimmune diseases 
are represented in the population under study only by 
one or very few cases. Due to the study limitations our 
results should be viewed as of a pilot nature. A larger 
confirmatory study with vitamin D measurements in a 
larger sample is needed in order to validate these 
findings. 
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