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Objective: To investigate the prevalence of low vitamin D levels in patients with cutaneous lupus erythematosus (CLE) and systemic 
lupus erythematosus (SLE) in Thailand and determine the influential factors associated with inadequate levels.
Methods: The medical records of patients diagnosed with SLE and/or CLE and evaluated for serum 25-OH vitamin D were 
retrospectively reviewed from January 2014 to January 2021. Vitamin D deficiency (<20 ng/mL) and insufficiency (21–29 ng/mL) 
were indicated, and predictors of hypovitaminosis D were identified by multiple linear regression analysis.
Results: In total, 414 patients with SLE and/or CLE were included in the study. Vitamin D deficiency was predominant in the CLE- 
only group (33.3%), followed by SLE without CLE (15.6%) and SLE with CLE (8%), p < 0.001. Likewise, vitamin D insufficiency 
was more prevalent in the CLE-only group (44.4%) compared to SLE with (35.8%) and without CLE (40%). Multivariate analysis 
showed that a higher SLEDAI-2K score and female sex had a negative association with vitamin D levels, while an intake of every 
10,000 IU of vitamin D2 per week increased serum vitamin D levels by up to 2.37 ng/mL. Furthermore, forty-five percent of patients 
continued to have vitamin D depletion despite commencing the recommended doses of vitamin D replacement.
Conclusion: Approximately half of Thai patients with SLE and 80% of CLE had vitamin D inadequacy. Vitamin D replacement is 
a good predictor of high serum vitamin D levels, while lower serum levels were associated with higher disease severity. Therefore, 
serum vitamin D monitoring and supplementation are suggested for all lupus erythematosus cases, especially those with CLE.
Keywords: 25(OH) vitamin D, cutaneous lupus erythematosus, lupus, systemic lupus erythematosus, vitamin D status

Introduction
Systemic lupus erythematosus (SLE) and cutaneous lupus erythematosus (CLE) are autoimmune diseases with a complex 
interplay between genetic and environmental factors leading to loss of self-tolerance and impairment of antigen 
clearance. These antigens are phagocytosed by plasmacytoid dendritic cells (pDC) that release type-1 interferon (IFN). 
Type I IFN can stimulate Th17 cells and suppress regulatory cells (Tregs) function, thus leading to autoreactive T cell 
production. Moreover, IFN also promotes differentiation and production of B cell antibodies. Consequently, these 
processes lead to autoantibodies attacking self-antigens and result in tissue damage.1,2

Vitamin D is a steroid hormone that plays a crucial role in skeletal and calcium metabolism. The primary source of 
vitamin D in human is cholecalciferol (vitamin D3) derived from skin synthesis upon exposure to sunlight. Beyond bone 
and mineral homeostasis function, a potential immunomodulatory role of vitamin D has gained enormous attention as 
immune cells, including T and B cells, macrophage, and dendritic cells express vitamin D receptors (VDR). Vitamin 
D can suppress T cell proliferation and directly inhibit immunoglobulin production by B cells.3 Additionally, it can 
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modulate the maturation state of dendritic cells leading to protective immunity and self-tolerance. Therefore, the link 
between vitamin D and autoimmune diseases has been established.

Several epidemiologic studies, including one meta-analysis, have shown that low vitamin D level increases the risk 
and severity of SLE.4–6 Patients with SLE are at extremely high risk of vitamin D deficiency owing to several factors. 
VDR polymorphisms, which can moderate vitamin D levels, were found to be a genetic risk of SLE development in some 
populations.7,8 The use of glucocorticoids, limited sunlight exposure and application of photoprotective measures could 
lead to low vitamin D levels in lupus erythematosus (LE) patients. Likewise, published data showed that patients with 
CLE have higher prevalence of vitamin D inadequacy levels than control subjects.9,10 Moreover, treating vitamin 
D insufficiency is associated with improved CLE disease severity.9 Two prior studies from Thailand demonstrated that 
approximately 60–70% SLE patient experienced with vitamin D inadequacy.11,12 Nevertheless, data on the vitamin 
D status in CLE patients are sparse and there is no information on the Thai populations. In addition, a comparison of 
vitamin D levels in SLE and CLE patients is lacking. We aimed to investigate the prevalence of vitamin D status in SLE 
and CLE patients in Thailand and also to identify the influential factors associated with low serum vitamin D levels .

Methods
Study Design and Participants
This cross-sectional, analytic, retrospective study was conducted in a university-based hospital (Ramathibodi Hospital, 
Mahidol University, Bangkok, Thailand) between June 2019 and January 2021. The study protocol was approved by the 
Mahidol University Institutional Review Board for Ethics in Human Research (protocol number MURA2019/534), in 
accordance with Declaration of Helsinki. Medical records of all patients with SLE or CLE who were evaluated for serum 
25-hydroxy vitamin D (25(OH)D) at the dermatology and/or rheumatology outpatient clinics from January 2014 to 
January 2021 were retrospectively reviewed. The data were collected cross-sectionally, where a single time point of 
serum 25(OH)D level for each individual was assessed. The informed consent was omitted based on the retrospective 
design of the study and the analysis used anonymous clinical data.

All patients older than 18 years of age who fulfilled the 2012 Systemic Lupus International Collaborating Clinics 
(SLICC) criteria and/or the 2019 European Alliance of Associations for Rheumatology/American College of 
Rheumatology (EULAR/ACR) classification criteria for SLE or have been previously and/or currently diagnosed with 
CLE with specific cutaneous manifestations were recruited. Subjects with CLE were further divided into acute CLE 
(ACLE), subacute CLE (SCLE), or chronic CLE (CCLE) based on clinical and/or histopathological findings. Other 
coexisting autoimmune diseases, gut malabsorption, impaired kidney or liver function, parathyroid disease, history of 
thyroid surgery, and incomplete medical records were excluded.

Demographic data of lupus patients including age, genders, onset, and duration of the disease, weight, and height 
including calculated body mass index (BMI), underlying diseases, Systemic lupus international collaborating clinics/ 
American College of Rheumatology Damage Index (SLICC/ACR-DI) were collected from medical records. Systemic 
Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) score for indicating the disease severity, laboratory 
results (eg, creatinine, urinalysis, liver function test, serum 25(OH)D), systemic therapy (ie, systemic corticosteroids, 
antimalarials, and immunosuppressants including azathioprine, mycophenolate mofetil, methotrexate, cyclosporin, and 
cyclophosphamide) and vitamin D intake and calcium supplements during the previous 3 months before vitamin 
D measurement, were recorded and filled in protocol record form. All prescribed medications were given according to 
the guidelines for the management of SLE and CLE.13 The flow chart of the study is shown in Figure 1.

Classifying Disease Activity Index and Damage Severity Score for SLE
To determine the severity of SLE patients, the SLEDAI-2K score was used to describe disease activity. The scores ranged 
between 0 and 105 which is evaluated from nine system involvements and disease activity, with higher scores indicating 
higher disease severity. Only SLEDAI-2K scores at the time of serum sampling were recorded. SLICC/ACR-DI is used 
to access accumulated damage since the onset of the disease in SLE patients. The index reflects irreversible damage in 
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the various systems. The score is collected if the patient has had an item for at least 6 months and occurred after the onset 
of SLE.

Proteinuria and Lupus Nephritis
Proteinuria in the study was defined as more than 0.5 g per day by 24-hour urine or equivalent spot urine protein-to- 
creatinine ratio following the 2019 EULAR/ACR classification criteria. The presence of lupus nephritis (LN) in this 
study was defined as patients who were previously diagnosed with biopsy-proven LN.

Vitamin D Measurement and the Definition of Vitamin D Status
Total serum 25(OH)D was performed by an electrochemiluminescence immunoassay analyzer (DiaSorin-LIAISON® XL 
(DiaSorin S.p.A, Vercelli, Italy). Vitamin D deficiency was defined as serum 25(OH)D level ≤ 20 nanograms (ng)/ 
milliliter (mL), vitamin D insufficiency was 21–29 ng/mL, and vitamin D sufficiency was 30 ng/mL or higher based on 
the US Endocrine Society criteria.14

Statistical Analysis
All statistical analysis was performed using STATA/MP version 16 (STATA Corp, College Station, TX). For 
continuous variables, normally distributed variables were summarized using the mean and SD, while the median 
and interquartile ranges were used for non-normally distributed variables. Univariate comparisons between categorical 
variables were performed using the Chi-square test or Fisher's exact test. We performed three independent groups 

Figure 1 The flow of patients included in the study. 
Abbreviations: CLE, cutaneous lupus erythematosus; CKD, chronic kidney disease; ESRD, end stage renal disease; SLE, systemic lupus erythematosus.
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comparison (SLE without CLE, SLE with CLE, and CLE-only). We used ANOVA to compare the difference among 
normally distributed variables. Meanwhile, non-normally distributed variables were analyzed by Kruskal–Wallis tests.

Multivariate analyses were performed by multiple linear regression models to identify independent factors of serum 
25(OH)D level which allows adjustment for potential confounding factors (ie, age, gender, BMI, disease duration, lupus 
subgroup, SLEDAI-2K score, presence of LN, prednisolone dose, hydroxychloroquine (HCQ) intake, immunosuppres
sants administration, calcium, and vitamin D supplement). A p-value less than 0.05 was considered statistically 
significant.

Results
Baseline Demographics Among SLE and/or CLE Patients
Supplementary Table displays patients’ demographics in SLE and/or CLE patients. A total of 414 patients with SLE 
and/or CLE were included and further divided into 3 subgroups, SLE without CLE (n = 225, 54.3%), SLE with CLE 
(n = 162, 39.1%), and CLE alone (n = 27, 6.5%). The mean age of the patients was older in the CLE group as 
compared to SLE without CLE and SLE with CLE, 51.9 (20.4), 46.2 (14.6), and 42.4 (13.4)-year-old, respectively, 
p=0.002. Females were predominant in all groups, the female-to-male ratio was 13:1 and 17.1 in SLE without and with 
CLE, and the ratio decreased significantly in CLE patients to 2.8:1, p=0.001. Compared to CLE cases, both SLE 
without and with CLE experienced longer median disease duration 12 (6.5–18), 13.0 (8–18), and 1.5 (0–3.5) years, 
p<0.001. With regard to the CLE subtype, discoid lupus erythematosus was the most common cutaneous manifestation 
in patients with SLE with CLE, and CLE alone, accounting for 67.9% and 63%, respectively. SLEDAI-2K score and 
SLICC/ACR-DI were not significantly different between SLE with and without CLE. The percentage of LN was 
slightly higher in SLE without CLE (42.4%) compared to SLE with CLE (33.1%) but without statistical significance.

Regarding current treatment, a higher percentage of patients commencing oral prednisolone was found in SLE with 
and without CLE, as compared to CLE alone (69.2% and 63.2% vs 7.7%, p<0.001). A similar trend was demonstrated for 
the immunosuppressants used, p<0.001. The number of patients who received HCQ was similar among all subgroups. 
Only one-fourth of CLE patients received vitamin D supplements, whereas over three-fourths of SLE with and without 
cutaneous involvement received a 20,000 IU weekly dose of vitamin D2 formulation . Calcium supplement was taken in 
only one patient in the CLE group, while roughly 80% of SLE patients had calcium intake (p<0.001) with a median dose 
of 1200 mg/day.

Prevalence of Vitamin D Insufficiency/Deficiency and Serum Vitamin D Levels
The overall prevalence of vitamin D deficiency and insufficiency in this study was 13.8% and 38.7%, respectively 
(Table 1). Approximately half of the patients (47.6%) had sufficient vitamin D levels. Vitamin D deficiency was 
predominant in the CLE-only group (33.3%), followed by SLE without CLE (15.6%) and SLE with CLE (8.0%), 
p<0.001. Likewise, vitamin D insufficiency was also more commonly observed in the CLE-only group (44.4%) 

Table 1 Serum Vitamin D Levels and Vitamin D Status in SLE with and without CLE, and CLE-Only Patients

Serum Vitamin D Total  
(n = 414)

SLE or CLE, n (%)

SLE without CLE  
(n = 225)

SLE with CLE  
(n = 162)

CLE- 
only  

(n = 27)

p-value

Serum 25(OH)D (ng/mL), mean (SD) 31.2 (11.7) 30.7 (11.6) 33.1 (11.8) 23.1 (6.2) <0.001*a

Vitamin D Status,

- Deficiency 57 (13.8) 35 (15.6) 13 (8.0) 9 (33.3) 0.001*b

- Insufficiency 160 (38.7) 90 (40.0) 58 (35.8) 12 (44.4)
- Sufficiency 197 (47.6) 100 (44.4) 91 (56.2) 6 (22.2)

Notes: *a Statistically significant (p < 0.05) using ANOVA; *b Statistically significant using Chi-square test. 
Abbreviations: CLE, cutaneous lupus erythematosus; ng, nanogram; mL, milliliter; SD, standard deviation; SLE, systemic lupus erythematosus.
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compared to SLE with (35.8%) and without (40%) CLE. Only 22.2% of patients with skin limited disease were 
categorized as having vitamin D sufficiency status, while 56.2% and 44.4% of SLE with and without CLE cases had 
sufficient vitamin D. Correspondingly, the lowest mean serum 25(OH)D level was found in the CLE-alone group 
followed by SLE without and with cutaneous involvement, respectively (23.1, 30.7 and 33.1 ng/mL, p<0.001).

Independent Factors Associated with Vitamin D Levels
In the multivariate regression analysis model, we found three factors independently associated with vitamin D levels, 
as shown in Table 2. First, male gender had higher vitamin D levels than female (ß = 9.17 ng/mL, 95% CI 3.18, 
15.16, p=0.003). Second, higher SLEDAI-2K score was correlated with lower serum vitamin D levels (ß = −0.88, 
95% CI −1.58, −0.18, p=0.014). Lastly, vitamin D replacement therapy had a significant association with high serum 
vitamin D levels. Specifically, an intake of every 10,000 IU per week of vitamin D2 elevated serum vitamin D levels 
to 2.37 ng/mL (95% CI 1.11, 3.62, p<0.001). However, no significant correlation was found among other variables, 
namely the presence of LN, systemic treatments (prednisolone, immunosuppressants, and HCQ intake), and calcium 
supplementation.

Vitamin D Status in Patients with and without Vitamin D Supplementation
Three hundred and thirteen of 408 (76.7%) patients received vitamin D supplementation. Only 25.9% of CLE-only cases 
were on vitamin D replacement. Conversely, the majority of SLE patients received vitamin D supplements (84.6% and 
76.5% of SLE patients with and without CLE, respectively, Table 3). However, 45.1% of all patients still experienced 
vitamin D insufficiency/deficiency despite supplementation. CLE-only patients with vitamin D supplementation also 
showed the lowest serum vitamin D levels and the lowest proportion of sufficient vitamin D compared to SLE patients, 

Table 2 Regression Coefficient Between Variables and Serum Vitamin D Levels

Factors ß (95% CI) p-value

Age (years old) 0.10 (−0.02, 0.22) 0.093

Gender
- Male 9.17 (3.18, 15.16) 0.003*

Body mass index −0.27 (−0.59, 0.04) 0.088

Disease duration (years) −0.15 (−0.34, 0.04) 0.122

LE subgroups

- SLE Ref

- SLE with CLE 2.08 (−0.88, 5.04) 0.167
- CLE N/A

SLEDAI-2K score −0.88 (−1.58, −0.18) 0.014*

Presence of lupus nephritis −2.01 (−5.17, 1.15) 0.210

Prednisolone intake 0.62 (−2.94, 4.19) 0.730

Hydroxychloroquine intake −1.42 (−5.14, 2.30) 0.453

Immunosuppressants intake −0.14 (−3.31, 3.04) 0.932

Calcium supplement 0.52 (−3.91, 4.95) 0.818

Weekly dose vitamin D supplement (104 IU/mL) 2.37 (1.11, 3.62) <0.001*

Notes: * Statistically significant (p < 0.05), using multiple linear regression adjusted for LE subgroup, age, 
gender, BMI, prednisolone intake, HCQ intake, immunosuppressants intake, presence of lupus nephritis, 
calcium and vitamin D supplement. 
Abbreviations: 95% CI, 95% confidence interval; BMI, body mass index; CLE, cutaneous lupus erythema
tosus; IU, international units; LE, lupus erythematosus; SD, standard deviation; SLE, systemic lupus erythe
matosus; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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p<0.002 and p=0.026, respectively. Nevertheless, there was no difference between the vitamin D status among LE 
subgroups in patients without supplementation, p=0.463. Moreover, patients who received prednisolone or immunosup
pressants were more likely prescribed with vitamin D supplement (68.6% vs 31.4% for those with prednisolone intake, 
p<0.001, and 60.6% vs 39.4% for those commencing immunosuppressive therapy, p<0.001).

Discussion
The high prevalence of hypovitaminosis D in patients with SLE has been observed worldwide. While aberrant innate 
immune systems along with T and B cells activation contribute to inflammatory cytokines release and autoantibody 
production in lupus, vitamin D is interconnected as an immune modulator that dampens the inflammatory reaction. To 
date, this is the first study to compare the vitamin D status between SLE with and without CLE, and CLE-only patients. 
We revealed a high prevalence of vitamin D insufficiency/deficiency in all LE subgroups, and approximately half of SLE 
with and without CLE had inadequate serum vitamin D levels.

Several studies reported a high prevalence of suboptimal vitamin D (25(OH)D < 30 ng/mL) in SLE patients ranging 
from 62.2% to 96% from United States,15 Canada,15,16 European countries,15,17 China,18,19 Hong Kong,20 Malaysia,21 

Mexico,22 and Egypt.23 The current study showed that approximately half of Thai SLE patients had inadequate vitamin 
D, which was lower than previously described in other reports (58% and 73.1%).11,12 The lower prevalence of 
hypovitaminosis D in Thai SLE patients compared to other areas around the world could be because of the geographic 
location and latitudes, as Thailand is a country with abundant sunshine, a high UV index, and minimal year-round daily 
variation in sunlight, the main source of vitamin D. However, other studies from Korea24 and Brazil25 reported lower 
frequencies of vitamin D insufficiency, 16.6% and 37.7%, respectively. Hence, many other potential factors related to 
serum vitamin D concentration could be explored.

The highest frequency of vitamin D inadequacy in our study was found in patients with the skin-limited disease, 
where over three-fourth had serum 25(OH)D below 30 ng/mL. Previous studies from European countries have reported 
the prevalence of vitamin D insufficient/deficient ranging from 65% to 97% in patients with CLE.10,26–28 Again, the 
higher latitudes and lower levels of year-round sunlight may contribute to a higher prevalence of suboptimal vitamin 
D among those countries. Nevertheless, we found that the prevalence of vitamin D inadequacy in CLE-only Thai patients 

Table 3 Serum Vitamin D Levels and Vitamin D Status in Supplemented and Non-Supplemented Patients

Serum Vitamin D Total  
(n = 414)

SLE or CLE, n (%)

SLE without CLE  
(n = 225)

SLE with CLE  
(n = 162)

CLE- 
only  

(n = 27)

p-value

Vitamin D supplement patients n (%) 313 (76.7) 169 (76.5) 137 (84.6) 7 (25.9) 0.001*b

Serum 25(OH)D (ng/mL), mean (SD) 32.9 (11.4) 31.7 (11.2) 34.8 (11.7) 26.9 (6.6) 0.002*a

Vitamin D Status, n (%)

- Deficiency 27 (8.6) 20 (11.8) 6 (4.4) 1 (14.3) 0.026*c

- Insufficiency 114 (36.4) 67 (39.6) 44 (32.1) 3 (42.9)

- Sufficiency 172 (55.0) 82 (48.5) 87 (63.5) 3 (42.9)

Vitamin D non-supplement patient, n (%) 95 (23.3) 52 (23.5) 23 (14.4) 20 (74.1) 0.001*b

Serum 25(OH)D (ng/mL), mean (SD) 25.4 (11.0) 27.5 (13.3) 23.7 (7.7) 21.8 (5.7) 0.098

Vitamin D Status, n (%)

- Deficiency 30 (31.6) 15 (28.9) 7 (30.4) 8 (40.0) 0.463
- Insufficiency 41 (43.2) 20 (38.5) 12 (52.2) 9 (45.0)

- Sufficiency 24 (25.3) 17 (32.7) 4 (17.4) 3 (15.0)

Notes: *a Statistically significant (p < 0.05) using ANOVA; *b Statistically significant using Chi-square test; *c Statistically significant using Fisher’s exact test. 
Abbreviations: CLE, cutaneous lupus erythematosus; ng, nanogram; mL, milliliter; SD, standard deviation; SLE, systemic lupus erythematosus.
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remained high. Our recent publication demonstrated that SLE patients with cutaneous involvement appear to perform 
better photoprotective practice than those without. A valid explanation is that patients with cutaneous lesions have had 
direct exposure to sunlight, exacerbating their cutaneous disease, which raises the motivation for them to implement 
a more rigorous photoprotection measure.29 A study conducted in Singapore also demonstrated serum 25(OH)D less than 
20 ng/mL (deficiency) in 51% of CLE patients, which is slightly more than our study (33.3%).30 The reason why 
Singaporeans had higher vitamin D deficiency may contribute to the genetic factors and variety of ethnicity, where the 
majority were Malay and Indian with darker skin types, and the higher melanin content may have resulted in limited 
vitamin D biosynthesis.

Comparing vitamin D supplemented and non-supplemented patients, only 25% of cases with limited CLE received 
vitamin D treatment, while 80% of SLE patients were on supplementation. Vitamin D replacement has been recom
mended to those commencing long-term systemic glucocorticoids; therefore, the majority of our SLE patient with 
internal organ involvement had vitamin D supplementation. Given the relatively benign nature of CLE, the importance 
of vitamin D supplementation has been under concern. Our data demonstrated that CLE patients are at the highest risk of 
vitamin D inadequacy and possess the lowest chance of restoring vitamin D. Cutillas-Marco et al9 have shown that 
vitamin D replacement in CLE patients can significantly decrease the disease severity compared to those without 
treatment. Accordingly, while physicians should adequately address photoprotective behavior and reinforce proper 
implementation, vitamin D replacement therapy may be equally as important to prevent disease exacerbation in patients 
with LE.

In non-supplemented patients, the proportion of vitamin D insufficiency/deficiency has increased to 70–85%, which is 
in line with the literature.15–23,31,32 The presence of low vitamin D levels in SLE patients contributes to a higher risk of 
hypertension, hyperlipidaemia, fatigue, and lower bone mineral density. It has also been associated with high disease 
severity17,18,25 and disease flare.33,34 A study by Abou-Raya et al35 demonstrated that SLE patients who were restored 
with 2000 IU daily vitamin D3 supplement had significant reduction in proinflammatory cytokines after 12 months. 
Additionally, previous data have shown that vitamin D supplementation is being considered to improve fatigue symptoms 
and diseases severity in SLE and CLE patients.9,36–39 To correct vitamin D deficiency, 400–1000 IU/day of oral vitamin 
D3 or 800–1000 IU/day of vitamin D2 is recommended. Oral vitamin D3 replacement is generally more effective than 
vitamin D2. Based on our data, approximately 45% of patients with CLE/SLE still encountered vitamin D insufficiency 
or deficiency despite commencing the recommended dose of vitamin D supplementation. Additionally, an intake of every 
10,000 IU of vitamin D2 per week could elevate serum vitamin D levels up to 2.37 ng/mL. Therefore, it is important not 
only to monitor serum 25-hydroxy vitamin D at baseline but also after vitamin D replacement to achieve the optimum 
supplementary dose.

Many influential factors determining lower serum vitamin D levels in SLE patients have been established including 
ethnicity,21 photoprotective measures,17,25 glucocorticoid doses,11 cumulative glucocorticoids,16 serum creatinine 
levels,11,16 renal disease,12,21,26 inadequate vitamin D supplement17,18 and HCQ used.17 Among these factors, we found 
that gender, disease severity, and vitamin D supplement dosage were correlated with serum 25(OH) levels. Women have 
lower serum vitamin D levels than men, perhaps because women may implement better photoprotection to maintain 
desirable white skin, as this appears to be an attractive trend in Thailand.40 The inverse correlation between SLEDAI-2K 
score and serum vitamin D levels was shown in our report. Several researchers determining the effect of vitamin D on the 
progression and disease severity favored the immunomodulatory role of vitamin D.17,18,22,24,25,37 This relationship may be 
due to the inhibitory effect of vitamin D on potentiating the innate immune response, as well as downregulating Th1 
response and inflammatory cytokines production such as IL-2 and IFN.3 However, whether low vitamin D levels are 
a consequence of LE or have a pathogenic role relating to the disease activity remains unclear and requires further 
investigation.

This study is subjected to several limitations. We did not collect certain variables affecting vitamin D levels, such as 
sun exposure, sunscreen use, and the serum levels of parathyroid hormone, calcium, and phosphorus. Additionally, as this 
is a retrospective study, incomplete data may exist. Lastly, the data was assessed at a single timepoint, which does not 
allow us to establish a causal relationship between lupus disease activity and vitamin D levels.
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Conclusion
The prevalence of vitamin D inadequacy was 50% and 80% in Thai patients with SLE and CLE, respectively. Despite 
vitamin D supplementation, the occurrence of inadequate vitamin D remained high. Vitamin D replacement is a good 
predictor of high serum vitamin D levels in a dose-dependent manner, and lower serum levels were associated with 
higher disease severity. While vitamin D is accountable for immune protective activity against lupus, it is unclear 
whether low vitamin D levels are a consequence of LE or have a causative role. Nevertheless, serum vitamin 
D monitoring and supplementation are recommended to all patients with SLE and CLE. Further studies are warranted 
to identify the role of vitamin D in lupus and the optimum vitamin D supplemental dose for these particular patients.
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