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Abstract

Background: Systemic lupus erythematosus (SLE) is a chronic, potentially life-threatening autoimmune disorder that damages
various tissues and organs. It is more prevalent in women than in men. Real-world medical practice provides comprehensive
clinical and laboratory information. A variety of factors complicate processes in patients with SLE. Two important risk factors,
serum interleukin-6 (IL-6) and vitamin D, are to be investigated to determine their precise role in SLE.

Methods and Results: We analyzed variation in serum IL-6 and vitamin D, their association, and other characteristics in normal-
weight SLE (NW-SLE) and overweight SLE (OW-SLE), compared with NW controls (NW-C) and OW controls (OW-C). The
enzyme-linked immunosorbent assay (ELISA) kit methods were used for diagnostic purposes and to determine vitamin D and IL-6
levels. Conventional methods were used to record the other variables, including hemoglobin (Hb), hepcidin (Hp), body mass index
(BMI), menstrual cycle length (MCL), and menstrual phase duration (MPD). Serum levels of IL-6 presented significant variations
for NW-SLE compared to NW-C (P<0.02), and OW-SLE compared to OW-C, and OW-SLE compared to NW-SLE (P<0.01).
The serum levels of vitamin D indicated a significant difference between OW-SLE compared to NW-SLE (P<0.03) and NW-SLE
compared to NW-C, OW-SLE compared to OW-C, and OW-C compared to NW-C (P<0.01). Furthermore, vitamin D and IL-6
showed a significant negative correlation in OW-SLE and NW-SLE patients (P<0.01).

Conclusion: The results of this study highlight the importance of measuring serum IL-6 and vitamin D levels in conjunction
with BMI assessment in patients with SLE. This study revealed an inverse relationship between vitamin D and IL-6 in patients
with SLE. Since vitamin D is an important modifiable factor in SLE, and its deficiency is associated with disease activity and the
risk of complications, correction of vitamin D deficiency can complement standard therapy and improve the prognosis of SLE.
(International Journal of Biomedicine. 2026;16(1):26-32.)
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Introduction damage multiple tissues and organs.! It is more prevalent
in women than men? A medical practice specializing
Systemic lupus erythematosus (SLE) is a chronic, in rheumatology provides comprehensive clinical and

potentially life-threatening autoimmune disorder that can laboratory information in SLE diagnostics..? Interleukin-6
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(IL-6) functions as a proinflammatory cytokine in SLE*3 by
binding to its membrane receptor, IL-6R, on leukocytes and
hepatocytes, and contributes significantly to pathogenesis and
disease activity. Some of the recent case-control and meta-
analyses present elevated levels of IL-6 in patients with SLE.%
8 Genetic polymorphism studies, however, did not establish
a significant association of IL-6 with SLE.>!® Furthermore,
the therapeutic approaches for blocking IL-6 in SLE did not
present the efficacy as appears in other autoimmune diseases,
and despite that, IL-6 remains an important factor, especially
against certain risks associated with the pathogenesis of SLE
and comorbidities.

Another important factor in the pathogenesis of SLE is
vitamin D. Vitamin D, a steroid hormone, regulates cell growth
and modulates the immune system, and its insufficiency and
deficiency complicate these processes in patients with SLE.!2
Pathogenesis of SLE and several other autoimmune diseases
emphasize the potential immunomodulatory role of vitamin
D.2 Decreased levels and deficiency of vitamin D obtained
in SLE patients indicate the involvement of vitamin D in
the increased disease activity in SLE patients'* though non-
significant association of vitamin D has also been reported 2
possibly due to methodological/ study design, different indices
employed for assessing the disease activity, little sun exposure,
diverse lifestyles, cultural and ethnic background, deficient
dietary intake, and geographical and seasonal variations of
vitamin D levels.'>!¢The levels of Hb and Hp were investigated
in patients with anemia and other hematological abnormalities
in patients with SLE.®18 The influence of overweight status/
obesity on serum vitamin D and immune responses, including
IL-6, was investigated in patients with SLE.* However,
various studies show controversy about the association
of BMI and vitamin D, and IL-6 and vitamin D.16202
The association of serum vitamin D and IL-6 was
investigated,?% and that was linked to its therapeutic potential
via IL-6 and other pro-inflammatory biomarkers.?2

The important roles of IL-6 and vitamin D in
inflammation, immune processes, injury, and related aspects are
established. Understanding their impact on SLE pathogenesis
is essential. However, further research is needed to clarify the
interaction between IL-6 and vitamin D in patients with SLE.
We analyzed changes in serum IL-6 and vitamin D levels and
their relationship, along with other characteristic features, in
normal-weight and overweight patients with SLE.

Materials and Methods

A current case-control observational study was
conducted at Umm Al-Qura University (UQU) and
associated  hospitals/clinical institutions in Makkah,
Kingdom of Saudi Arabia (KSA). The study was
conducted from January 1, 2023, to April 10, 2025.
The number of reproductive-age women subjects in the current
study (n = 409) exceeded the calculated sample size (385).
Age (years) and body mass index (BMI, kg/m?) matched
subjects were consulted. Age range was 20-29 in the normal-
weight controls (NW-C, n=105, BMI range: 18.5-24.9 kg/m?),
overweight controls (OW-C, n=105, BMI range: 25-29.9 kg/

m?), NW-SLE (n=100, BMI range: 18.5-24.9 kg/m?), and OW-
SLE (n=99, BMI range: 25-29.9 kg/m?*) women subjects.

The women of reproductive age included in the present
work were not pregnant or breastfeeding. Obtaining subjects’
consent was considered necessary. Samples/history were
obtained only from ovulatory menstrual cycles. Only women
with BMI levels not less than 18.5 kg/m?* and not more than
24.9 kg/m? for NW-C and NW-SLE, and not less than 25 kg/
m? and not more than 29.9 kg/m? for OW-C and OW-SLE,
were included in the present study. Furthermore, they were
not anemic, smokers, or had serious medical complications.

BMI, menstrual cycle length (MCL), menstrual phase
duration (MPD), and other subject characteristics were
recorded using a questionnaire.

For the identification and proper diagnosis of SLE, the key
biomarker, anti-double-stranded DNA (anti-dsDNA) antibodies,
was determined using an enzyme-linked immunosorbent assay
(ELISA). Vitamin D was determined using ELISA kits. A
hematology analyzer, Sysmex XN 100i (Sysmex Europe SE,
Norderstedt, Germany), was used to measure Hb. To estimate
serum IL-6 and hepcidin (Hp), ELISA kits for IL-6 and Hp,
respectively, were used.

The data analysis was carried out employing the basic
principles published elsewhere.?® Statistical analysis was
performed using the statistical software package SPSS version
24.0 (IBM Corp., Armonk, NY). For the descriptive analysis,
results are presented as mean (M) + standard deviation
(SD). Multiple comparisons were performed with one-way
ANOVA and a post-hoc Tukey HSD test. The coefficient of
determination (R*) was estimated to assess the strength of
the linear relationship. A probability value of P<0.05 was
considered statistically significant.

Results

The total women subjects studied in the present study
was 409. The number of subjects in the NW-C, NW-SLE, OW-
C, and OW-SLE groups was 105, 105, 100, and 99 women,
respectively. The data of their age (years), MCL (days), MPD
(days), BMI (kg/m?), IL-6 (pg/mL), Hp (ng/mL), HB (g/dL),
and 25(OH)D (ng/mL) were collected and analyzed (Table 1).

Among groups, variation showed significant results for
serum IL-6 and vitamin D (P<0.01). BMI varied significantly
among groups (P<0.01) as two of our groups had NW-related
BMI and two other groups had OW-related BMI. All other
variables did not show significant differences among groups
(Table 1).

Table 1 shows that the age values (range: 20-29 years)
were 25.08+3.04, 24.87+3.14, 25.13+3.14, and 25.11+3.07
years for the NW-C, NW-SLE, OW-C, and OW-SLE groups,
respectively.

The MCL presented 28.35+1.34, 28.40+1.38,
28.38+1.29, and 28.41+1.36 days, respectively, for NW-C,
NW-SLE, OW-C, and OW-SLE groups. A P-value of 0.05 was
obtained for group comparisons.

The MPD indicated 5.30+1.29, 5.34+1.22, 5.23£1.29,
and 5.20+1.28 days, respectively, for NW-C, NW-SLE, OW-
C, and OW-SLE groups.
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BMI was 21.67+2.08, 21.68+2.06, 27.56+1.50, and
27.53+1.50 kg/m? for NW-C, NW-SLE, OW-C, and OW-SLE
groups. NW-C vs. OW-C and NW-SLE vs. OW-SLE showed
significant differences in BMI (P<0.01).

Serum levels of IL-6 showed 4.71+£4.07, 6.13+4.32,
5.53+4.26, and 8.01+5.70 pg/mL, respectively, for NW-
C, NW-SLE, OW-C, and OW-SLE women groups (Table
1). Serum levels of IL-6 presented significant variations
for NW-SLE compared to NW-C (P<0.02), and OW-SLE
compared to OW-C, and OW-SLE compared to NW-SLE
(P<0.01) (Fig.1).

Table 1.

Characteristic variables in normal-weight and overweight
reproductive-age women with SLE

P-
value

Study groups

Variables

NW-C | NW-SLE | OW-C | OW-SLE

Subjects (n) | 105 105 100 99 -

Age (years)

25.08+3.04

24.87+3.14

25.13+3.14

25.11+3.07

0.92

MCL (days)

28.35+1.34

28.40+1.38

28.38+1.29

28.41+1.36

0.99

MPD (days)

5.30£1.29

5.34+1.22

5.23+1.29

5.20£1.28

0.86

BMI (kg/m?)

21.67+£2.08

21.68+2.06

27.56+1.50

27.53+1.50/<0.01

IL-6 (pg/mL)

4.71+4.07

6.13+4.32

5.53+4.26

8.01+5.70

<0.01

Hp (ng/mL)

8.49+4.01

8.49+4.07

8.51+4.29

8.83+4.66

0.92

Hb (g/dL)

13.74+1.22

13.68+1.18

13.56+1.03

13.55+1.02]

0.21

25(OH)D
(ng/mL)

34.16+5.26

30.08+6.38

30.68+6.20

28.11+£6.45

<0.01

-
=)
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Fig.1. Serum levels of IL-6 in the study groups

The Hp serum levels were 8.49+4.01,

8.49+4.07,

13.56+1.03, and 8.83+4.66 ng/mL, respectively, for NW-C,
NW-SLE, OW-C, and OW-SLE groups (Table 1). No significant
variation of serum Hp was obtained.
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The Hb values were 13.74+1.22, 13.68+1.18, 13.56+1.03,
and 13.55+1.02 g/dL, respectively, for NW-C, NW-SLE, OW-
C, and OW-SLE women groups (Table 1) that also showed non-
significant alterations of Hb (£>0.05).

The vitamin D serum levels obtained for the NW-C, NW-
SLE, OW-C, and OW-SLE women groups were 34.16+5.26,
30.08+6.38, 30.68+6.20, and 28.11+6.45 ng/mL, respectively
(Table 1).

The vitamin D serum levels indicated a significant
difference between OW-SLE compared to NW-SLE (P<0.03)
and NW-SLE compared to NW-C, OW-SLE compared to
OW-C, and OW-C compared to NW-C (P<0.01) (Fig.2).
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Fig.2. Serum levels of vitamin D in the study groups.

Table 2 shows a significant positive association between
IL-6 and BMI in the OW-C (P=0.03) and OW-SLE (P<0.01)
groups of women. Vitamin D correlated significantly and
negatively with IL-6 in NW-SLE and OW-SLE (P<0.01).

Table 2.

Correlation of serum IL-6 with other characteristics/variables in
normal-weight and overweight reproductive age women with SLE.

Variables NW-C | NW-SLE | OW-C |OW-SLE

R? | 0.00 0.00 0.01 0.00
Age (years)

P 0.48 0.74 0.30 0.90

R? | 0.02 0.00 0.00 0.01
MCL (days)

P 0.16 0.50 0.61 0.31

R? | 0.00 0.02 0.00 0.00
MPD (days)

P 0.86 0.18 0.56 0.56

R? | 0.00 0.00 0.05 0.34
BMI (kg/m?)

P 0.54 0.76 0.03 <0.01

R? | 0.00 0.00 0.00 0.01
Hp (ng/mL)

P 0.89 0.80 0.82 0.46

R? | 0.01 0.00 0.01 0.01
HB (g/dL)

P 0.23 0.66 0.48 0.31

R?* | 0.0l 0.23 0.00 0.33
25(OH)D (ng/mL)

P 0.23 <0.01 0.90 <0.01
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Vitamin D presented a significantly negative correlation
with BMI in NW-SLE (P=0.02), and in OW-C and OW-SLE
(P<0.01) (Table 3). All other characteristics/variables were
not significantly associated with vitamin D.

Table 3.

Correlation of serum vitamin D with other characteristics/variables
in normal-weight and overweight reproductive age women with
SLE.

Variables NW-C |[NW-SLE| OW-C |OW-SLE
R? 0.01 0.02 0.00 0.00
Age (years)
P 0.30 0.14 0.67 0.59
R? 0.00 0.02 0.03 0.00
MCL (days)
P 0.71 0.17 0.06 0.61
R? 0.00 0.01 0.02 0.00
MPD (days)
P 0.93 0.40 0.18 0.61
R? 0.03 0.05 0.33 0.48
BMI (kg/m?)

P 0.06 0.02 <0.01 | <0.01
R? 0.01 0.23 0.00 0.33
P 0.23 <0.01 0.90 <0.01
R? 0.00 0.00 0.01 0.00

IL-6 ((pg/mL)

Hp (ng/mL)
P 0.79 0.95 0.32 0.62
R? 0.00 0.02 0.02 0.00
HB (g/dL)
P 0.93 0.17 0.14 0.64
Discussion

Various studies found elevated levels of IL-6 in patients
with SLE compared with controls,®%2722 whereas other studies
reported a non-significant increase in IL-6 concentration in
SLE patients compared with healthy control women.2%32 The
present study finds a significant increase in IL-6 in NW-SLE
women compared to NW-C, in OW-SLE women compared
to OW-C, and in OW-SLE women compared to NW-SLE
women.

The present investigation showed no significant
association between IL-6 and age across all subject groups.
Age-associated changes in IL-6 in SLE have rarely been
studied. A positive association between 1L-6 and age in SLE
patients was reported,!* consistent with the observation that
aging is associated with enhanced production of inflammatory
cytokines, including IL-6, leading to low-grade inflammation.*
The absence of a significant association of age with any of
the SLE or control groups in the present study seems due to
the fact that our subjects had quite a limited age range of 20-
29 years. Further studies, including a broader age range, may
clarify the association between age and serum IL-6.

The elevated IL-6 levels in SLE patients across studies
may be due to methodological variability, treatment effects,
increased disease activity, age, sex, BMI, and other factors. It
is possible that reduced or increased 1L-6 levels measured at

specific times reflect decreased or increased disease activity,
respectively. These findings indicate that IL-6 might serve as
an indicator of disease activity, inflammatory status, or post-
treatment effects, rather than as a diagnostic marker. SLE
patients present with various clinical manifestations driven
by immunological, genetic, and environmental factors, and
vitamin D is considered an immunomodulatory factor that
influences patients with SLE in active disease more than in
inactive disease.?

A variety of clinical features studied in SLE patients'
reveal that the maximum incidence of SLE occurs in
reproductive-age women of 20-29 years.** Since we collected
the data for the present study in reproductive age women of 20-
29 years, it can appropriately be compared with such study,*
where vitamin D deficiency (mean 16.82+11.24 ng/mL) was
suggested to occur in view of multiple interacting factors,
including sun avoidance due to photosensitivity, nutritional
deficiency of vitamin D, and using full length/ full body clothes
that limit the skin exposure to sun.'®3 Similar conditions were
present in SLE patients in the present study.

Vitamin D plays an immunoregulatory role by decreasing
autoimmune responses and disease activity in SLE. However,
it is not necessary that vitamin D is a causal factor. It could
possibly be a consequence of photosensitivity that inclines
the patients to limit the exposure to the sun, which leads to
less synthesis of vitamin D. Furthermore, certain types of
medication for SLE patients may increase the catabolism of
vitamin D and decrease the intestinal absorption of vitamin D,
thereby enhancing the vitamin D deficiency.** Further studies
may confirm the medication influences.

Routine and annual comprehensive screening are
required to maintain serum vitamin D (25(OH)D) levels
above 30 ng/mL, especially in SLE patients with active
disease, glucocorticoid use, and photosensitivity. This helps
manage SLE patients.** Control of the dietary intake of
vitamin D and the effect of medication on vitamin D levels
were not recorded in the present study. Furthermore, genetic
polymorphisms influencing vitamin D metabolism were not
studied. A larger sample size, interventional, and longitudinal
investigations may confirm the precise association of vitamin
D with SLE.

The levels of Hb and Hp did not vary significantly in
NW and OW patients with SLE and control subjects in the
present study, since the anemic patients were not included
in the current study, though anemia and other hematological
abnormalities are found prevalent in patients with SLE.®7

The role of BMI in patients with SLE is not well
understood 3¢ because patients with varying BMI levels have
not been studied in depth. Obesity playing a pathogenetic
role was investigated at a much higher level in patients with
SLE than in healthy people. It was found that the overweight
status/ obesity has a profound influence on serum vitamin
D and inflammatory responses in patients with SLE.? Low
serum levels of vitamin D were found to have an association
with high body weight/BMI in patients with SLE,2 though
this study 2! did not provide findings by comparing the normal
weight, overweight, and obese subjects. We did not study
the obese subjects with SLE. However, the data from our
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overweight subjects were properly compared with those from
normal-weight subjects.

Obesity was found to be associated with vitamin D
insufficiency in patients with SLE.'* The lowered levels
of vitamin D with increased levels of IL-6 but without the
influence of BMI were found in patients with SLE.% This
report is not in accordance with our present study. We
noticed that a study by Guimarides et al.2 did not report
vitamin D and IL-6 levels across BMI levels. This could be
a major reason why vitamin D concentrations did not vary
among SLE patients in the quoted study.?® To clarify this,
we carried out the present study for SLE patients with NW
BMI and OW BMI compared to healthy NW BMI and OW
BMI controls.

Vitamin D is considered an immunomodulator that
regulates adaptive and innate immune responses.?:% Vitamin
D helps decrease pro-inflammatory adipokines, such as IL-6.2
Decreased vitamin D levels in SLE patients are associated
with elevated IL-6 and other inflammation mediators.?## For
example, a study by Partan et al.!2 showed the effectiveness
of seluang fish oil in reducing the inflammatory response in
patients with SLE by increasing serum vitamin D levels. The
precise association between vitamin D and IL-6 in SLE patients
requires further investigation.?

It would be worthwhile to conduct studies with a
larger dataset of patients with SLE, both women and men,
with follow-up. Since we collected data on IL-6, vitamin
D, and other variables only once, this is likely insufficient
to assess variation. Furthermore, changes in these variables
during follow-up are necessary to assess disease activity
and appropriate medication dosages. It would be necessary
to evaluate age, gender, and BMI in conjunction with serum
CRP levels and other cytokines, including TNF-a, as well as
anti-inflammatory cytokines/biomarkers, to better understand
the relationship of vitamin D with inflammatory and anti-
inflammatory responses in patients with SLE.

Conclusion

The results of this study highlight the importance of
measuring serum IL-6 and vitamin D levels in conjunction
with BMI assessment in SLE patients. The study found
an inverse relationship between vitamin D and IL-6 and
demonstrated that vitamin D deficiency is the most common
factor in patients with systemic lupus erythematosus. Since
vitamin D is an important modifiable factor in systemic lupus
erythematosus, and its deficiency is associated with disease
activity and the risk of complications, correction of vitamin
D deficiency can complement standard therapy and improve
the prognosis of systemic lupus erythematosus.
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