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Abstract: The aim of the present study was to analyze the association among systemic sclerosis (SSc),
periodontitis (PT); we also evaluated the impact of PT and SSc on vitamin D levels. Moreover, we
tested the association with potential confounders. A total of 38 patients with SSc, 40 subjects with PT,
41 subjects with both PT and SSc, and 41 healthy controls were included in the study. The median
vitamin D levels in PT subject were 19.1 (17.6–26.8) ng/mL, while SSc + PT group had vitamin d
levels of 15.9 (14.7–16.9) ng/mL, significantly lower with respect to SSc patients (21.1 (15.4–22.9)
ng/mL) and to healthy subjects (30.5 (28.8–32.3) ng/mL) (p < 0.001). In all subjects, vitamin D
was negatively associated with c-reactive protein (CRP) (p < 0.001) and with probing depth (PD),
clinical attachment level (CAL), bleeding on probing (BOP), and plaque score (PI) (p < 0.001 for all
parameters) and positively related to the number of teeth (p < 0.001). Moreover, univariate regression
analysis demonstrated an association among high low-density lipoproteins (LDL) cholesterol (p
= 0.021), CRP (p = 0.014), and PT (p < 0.001) and reduced levels of vitamin D. The multivariate
regression analysis showed that PT (p = 0.011) and CRP (p = 0.031) were both predictors of vitamin D
levels. Subjects with PT and SSc plus PT had significant lower vitamin D values with respect to SSc
and to healthy subjects. In addition, PT seems negatively associated with levels of vitamin D in all
analyzed patients.
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1. Introduction

Systemic sclerosis (SSc) is an autoimmune connective disease characterized by imbal-
ance regulation of the immune system and micro and macrovascular deformities, which can
lead to excessive deposition of collagen, resulting in skin and internal organ fibrosis [1,2].
During the last few decades, the pathogenesis of SSs has been focused on microvasculopa-
thy and endothelial dysfunction, principally manifested by digital ulcers and Raynaud’s
phenomenon, which could determine progressive tissue fibrosis and, finally, organ tissue
damages [3]. Recently, different studies have demonstrated, in SSc, an association between
endothelial dysfunction, cardiovascular disease (CVD), and atherosclerosis [4,5].

Periodontitis (PT) is a chronic disease of the periodontal tissue due to different peri-
odontal pathogens that induce an inflammatory response that could determine destruction
of periodontium, alveolar bone resorption and, finally, loss of the tooth [6]. PT has been
correlated with a plethora of systemic disorders, including endothelial dysfunction [7],
diabetes [8], metabolic syndrome [9], and SSc [10].

Because both SSc and PT share many common factors, such as inflammation and
vascular dysfunction [11], patients with PT and with SSc may have an increased risk of
developing inflammation. For these reasons, it is of interest to find biomarkers, which
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could help better understand the etiology of SSc and prevent risk-related factors associated
with SSc.

Vitamin D is a fat-soluble vitamin gained from an endogenous release from the skin
subsequent to sunlight exposure or from food [12,13]. Several studies have described
the role of vitamin D as a regulator during inflammation phases in chronic inflammatory
diseases [14–16]. Growing evidence has suggested that increased vitamin D has a positive
effect on both systemic and oral health. In particular, it seems that vitamin D acts as an
immunomodulator through adaptive and innate immune responses; in addition, vitamin
D could have a key role in the endothelium and vessels homeostasis to maintain vascular
health in chronic conditions, including SSc [17,18].

At the same time, some studies have evidenced that lower vitamin D levels can
determine an augmented risk of periodontal inflammation [19] that could lead to significant
tooth loss [20]. In this regard, it has also been demonstrated that, during PT, vitamin D,
through its specific receptor expressed on the surface of cells of the immune system, has
a protective effect at the endothelial level of the periodontal tissue; this, in turn, causes a
marked release of the B and T lymphocytes that are usually produced as a result of the
tissue invasion of periodontal pathogens [21].

However, studies on vitamin D and gingival tissues resulted in few preliminary and
contradictory results [22,23]. Recently, a trial, which evaluated the effect of serum vitamin
D in patients with PT, described a direct association between low vitamin D and active
phases of PT [22]. Conversely, a similar cohort from the National Health and Nutrition
Examination Survey (NHANES) III study demonstrated a 10% odds reduction of bleeding
on probing for every 30 nmol/L rises of vitamin D in serum, even if it was not able to
demonstrate a statistical correlation between vitamin D and PT [23].

In accordance with this evidence, this study aimed to analyze the association of
SSc and PT and vitamin D levels and the significant trend of this association. Moreover,
in the analyzed sample, it was explored whether vitamin D levels were influenced by
some possible predictors. Additionally, we tested if PT had a significant influence on
vitamin D levels.

2. Materials and Methods
2.1. Study Design

From January 2013 to May 2017, 274 subjects were firstly enrolled at the School of
Dentistry (PT patients and healthy controls) and at the Unit of Rheumatology (SSc patients
and healthy controls) of the University of Messina, Messina, Italy. The University of
Messina International Review Board (IRB) approved the study protocol. All enrolled
patients gave written informed consent, in which all study risks and characteristics were
specified. The study was performed in accordance with the Declaration of Helsinki, revised
in 2000. The study followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines (Supplementary Materials Table S1). The study was
registered on clinicaltrials.gov (NCT04066842).

Patients were selected by sex and within a specific age range (from 40 to 65 years old),
in order to obtain a similar proportion of cases in the categories—sex and age—defined by
the selection variable. A total of 49% of patients were males, with an age range from 46 to
59 years.

In this initial stage, by the same calibrated clinician, patient characteristics were
recorded, such as age, sex, body mass index (BMI), and a full medical anamnesis, including
all drugs taken. BMI was valued by calculating the patient weight and height. Moreover,
each patient underwent a full oral examination that comprised a periodontal charting at
six sites per tooth [24] by a manual probe (UNC-15, Hu-Friedy, Chicago, IL, USA).

The limited and diffuse SSc disease subsets were classified according to the American
College of Rheumatology classification criteria [25]. The SSc onset was diagnosed by the
first non-Raynaud symptom derivable to the SSc [26]. The diagnosis of PT was performed,
as previously described [24], by (1) having a number of teeth ≥16; (2) bleeding on probing
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(BOP) in the least 40% of sites, a clinical attachment level (CAL) ≥2 mm, and a probing
depth (PD) ≥4 mm [6]; (3) having ≥2 mm of interdental bone loss confirmed using RINN
Rx (Dentsply Sirona Italia, Rome, Italy) [27].

The subjects enrolled as healthy patients did not present any pathologies, did not take
drugs, had good oral health conditions, and did not present sites with PD ≥ 4 mm or CAL
≥ 4 mm, or signs of alveolar bone loss verified through periapical RINN X-rays.

For all enrolled patients, the exclusion criteria were: (1) consumption of contraceptive
drugs; (2) pregnancy or lactation; (3) drinking; (4) consumption of any medications that
could cause hyperplasia at the gingival tissues.

2.2. Population

Following a first screening, 130 patients were excluded because they did not meet
study inclusion criteria (n = 105), declined the study participation (n = 14), or were absent
at the clinical examination (n = 11). After this phase, a final number of 35 patients with
SSc, 36 patients with PT, 36 patients with both SSc and PT, and 37 healthy subjects were
enrolled (Figure 1).
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Figure 1. Workflow diagram of the study.

2.3. Data Collection

Vitamin D intake, reported in international units (IU), was assessed by a self-administered
food frequency questionnaire (FFQ) authenticated for vitamin D intake evaluation [28,29].
The FFQ used in the study presented specific domains designed at determining the average
common food intake and aimed at identifying the average vitamin and multivitamin
supplementation daily intake.

Moreover, it evaluated the glycemic status and the presence of diabetes, which was
calculated by the presence of a fasting blood glucose ≥7 mmol/L.

In SSc patients, possible signs and symptoms, such as joint tenderness with synovitis,
calcinosis, telangiectasia, contractures, and eventual organ involvement (e.g., gastrointesti-
nal tract or lungs), were documented. The appearance of enlarged capillaries, pericapillary
hemorrhages at the nail fold, and capillary dropout, such as early signs of probable major
organ involvement were recorded. In SSc patients, a single calibrated examiner evaluated
and quantified the modified Rodnan skin score (MRSS). As previously demonstrated,
MRSS assessed the cutaneous involvement of SSc (from grade 0, normal skin to grade 3,
intense skin thickness) at 51 points in over 17 regions of the body [30].

The periodontal evaluation included the recording of PD, CAL, and plaque score
(PI) [31]. BOP was recorded by the appearance of gingival bleeding after probing up to 30 s
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during PD assessment. CAL was documented, having the cementoenamel junction as a
reference, as PD, plus the presence of gingival recession. All indices were recorded at six
sites per present tooth.

The performed inter-examiner reliability, analyzed using the intraclass correlation
coefficient (ICC) resulted in a good reliability agreement for CAL (ICC = 0.821), which was
the primary outcome chosen. The intra-examiner reliability was performed for CAL on six
random patients per group and resulted in a good degree of agreement for both principal
(ICC = 0.807) and control (ICC = 0.816) examiners.

2.4. Laboratory Analyses

On each patient, at the first visit and in the same center, was performed a venous
sampling at 8:00 a.m. Levels of fibrinogen, glucose, and plasma lipids were obtained by
routinely laboratory analysis. The c-reactive protein (CRP), expressed in milligrams per
deciliters (mg/dL), were obtained using an enzyme-linked immunoassay (ELISA) kit.

The vitamin D (25-OH vitamin D3) levels were obtained with a commercial ELISA
kit, in accordance with the instructions of the manufacturer (Immunodiagnostics System,
Boldons, United Kingdom) and were reported as nanograms per milliliter (ng/mL), in a
measurement range of 9.6–66.4 ng/mL.

In each batch was included a masked duplicate sample of control plasma that had a
variation coefficient within one pair of 4.7% for vitamin D and an inter-assay variation of
5.2% (for vitamin D). In order to reduce the bias regarding the seasonal variation due to
the intensity of sunlight skin exposition, all patients were enrolled each year from March
to July.

2.5. Power Sample Size

Because the study hypothesis was that PT and SSc patients had augmented CAL,
before the study, the sample size was determined by considering 4 groups of patients, an
effect size of 0.26 for the CAL, a two-sided significance level of 0.05, a standard deviation
of 0.5 [32], and a power level of 80%. It was established that about 28 patients were needed
per single group in order to achieve a good power sample. However, around 35 subjects per
group were finally enrolled, obtaining a power value of 81%. The analysis was performed
using statistical power analysis software (G*Power version 3.1.9.4, Universitat Dusseldorf,
Dusseldorf, Germany).

2.6. Statistical Analysis

Numerical data were represented as mean ± SD or median and interquartile range,
while categorical variables were represented using number and percentage. Because most
of the examined variables did not present a normal distribution as demonstrated through
the Kolmogorov–Smirnov test, a non-parametric approach was used.

To evaluate the numerical data in the four groups, the Kruskal–Wallis test was used
and the Mann–Whitney test was applied for the comparison between two single groups.
The Bonferroni correction was calculated by the comparison between groups with a
significant α-level of 0.050; for the present analysis, the adjusted level of significance
was 0.050/6 = 0.008.

The non-parametric Spearman test was used in order to evaluate significant corre-
lations and interdependence among vitamin D and periodontal indices, in each single
patient, and in all patients together. To better evaluate the possible association among
diabetes, (expressed as yes/no) and vitamin D levels, a point-biserial correlation was used.

A stepwise multivariable linear regression analysis was applied to establish the de-
pendence of each periodontal index, by such variables as gender, age, BMI, vitamin D
levels, dietary- and supplementary vitamin D intake, CRP, total cholesterol, high-density
lipoprotein (HDL)- and LDL cholesterol.

A possible presence of multicollinearity among variables and between vitamin D
levels, dietary and supplemental vitamin D intake was explored and quantified by assessing
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the variance inflation factors (VIF). To evaluate if periodontal parameters increased or
decreased with a vitamin D increase, p-trend quartiles of vitamin D were calculated, and
for each vitamin D quartile, a mean and standard deviation (±SD) of each periodontal
parameter was calculated, and the Jonckheere–Terpstra test was used to analyze the p-trend
of vitamin D levels for each periodontal index.

Furthermore, uni- and multivariable linear regression models were applied to establish
the dependence of vitamin D by some predictors, such as age, sex, education level, smoking
(yes/no), triglycerides, LDL- and HDL cholesterol, and using possible confounders, such
as BMI, CRP, SSc, and PT. p-value < 0.05 was set as significant. All analyses were made by
a statistical software program (SPSS 22.0 for Windows package, SPS srl, Bologna, Italy).

3. Results
3.1. Patient Population

All subjects were matched for age (p = 0.057), sex (p = 0.131), BMI (p = 0.081), and
number of smokers (p = 0.412) (Table 1).

Patients with SSc (0.4 (0.31–0.47) mg/dL), PT (0.58 (0.41–0.65) mg/dL), and SSc + PT
(0.59 (0.39–0.67) mg/dL) had increased median levels of CRP when compared to healthy
controls (0.31 (0.25–0.34) mg/dL) (p < 0.001 for all evaluations) (Table 1).

Regarding vitamin D levels, 14.2% (n= 5) of patients with SSc presented a deficiency
of vitamin D in serum (≤20 ng/mL). A further comparison in median values of vitamin
D evidenced that patients with PT (19.1 (17.6–26.8) ng/mL), and with SSc + PT group
(15.9 (14.7–16.9) ng/mL) had significantly lower median vitamin D levels in comparison
with SSc (21.1 (15.4–22.9) ng/mL) and healthy subjects (30.5 (28.8–32.3) ng/mL) (p < 0.001)
(Table 1; Table 2). Moreover, the intake of dietary (p = 0.152) and supplementary (p = 0.812)
vitamin D were similar among groups.

Regarding periodontal indices, PT and PT + SSc patients had a significantly lower
number of teeth and augmented PD, CAL, and BOP levels in comparison to SSc and healthy
controls (p < 0.001), while PI values did not differ among groups (p = 0.097) (Table 1).

3.2. Primary Outcome

The Spearman correlation analysis evidenced that serum vitamin D was positively
correlated with the number of teeth (p < 0.001) and a negative correlation with high levels
of CRP (p < 0.001), CAL (p < 0.001), PD (p < 0.001), BOP (p < 0.001), and PI (p < 0.001)
(Figure 2).

The stepwise analysis evidenced that, in all enrolled patients, the number of teeth, PD,
CAL, and BOP were correlated with serum vitamin D (p < 0.001 for all outcomes) (Table 3).
In particular, the number of teeth was correlated with age (p = 0.021), female gender
(p = 0.007), and CRP (p < 0.001); CAL was significantly correlated with age (p = 0.043),
CRP (p < 0.001), and vitamin D (p < 0.001). PD was correlated with CRP (p < 0.001) and
vitamin D (p < 0.001); BOP was correlated with age (p = 0.008), CRP (p < 0.001), and vitamin
D (p < 0.001) (Table 3). The other analyzed confounders did not show any significant
association for the analyzed outcomes.
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Table 1. Clinical features of all enrolled patients and a comparison among them. p-value < 0.05, statistically significant.
Blood values are represented, such as median and interquartile range (IQR) (1st; 3rd).

Clinical Features Controls
(n = 37)

SSc
(n = 35)

PT
(n = 36)

SSc + PT
(n= 36) p-Value

Male, n (%) 18 (42.8) 16 (38) 18 (39.4) 15 (39.4) 0.131
Age, mean ± SD 52.9 ± 3.2 53.2 ± 3.5 52.7 ± 2.8 52.5 ± 2.9 0.057
Education level

Primary school, n (%) 12 (28.6) 13 (31) 16 (34.9) 14 (34.1) 0.589
High school, n (%) 15 (35.7) 14 (33.3) 11 (30.2) 12 (34.1) 0.563

College/university, n (%) 10 (35.7) 9 (35.7) 9 (34.9) 10 (31.7) 0.558
Ethnicity

White, n (%) 37 (100) 35 (100) 36 (100) 36 (100) 0.999
BMI, kg/m2, mean± SD 24.2 ± 3.3 23.7 ± 3.2 24 ± 2.6 23.8 ± 3.1 0.081

Glucose, mg/dL, median (1st; 3rd) 102.1 (85.9–105) 105.1 (91–105.6) 106.3 (98–102.3) 107.1 (99–110.3) 0.061
Uric acid, mg/dL, median (1st; 3rd) 2.2 (1.8–2.9) 3.3 (2.7–3.9) 4.2 (3.2–4.6) 4.6 (3.5–5.2) <0.001

Albumin, g/L, median (1st; 3rd) 37.1 (29.7–39.4) 38.9 (35.5–40.6) 39.9 (36.1–43.9) 40.2 (35.8–44.1) 0.258
Fibrinogen, mg/dL, median, (1st; 3rd) 294.3 (259–310.3) 299.2 (262.3–306) 294.9 (284.9–318) 311 (284.9–322.3) 0.496

Apolipoprotein A, mg/dL, median (1st; 3rd) 136.8 (112–154.1) 138.9 (115–145.1) 132 (119–141.3) 138.6 (122–159) 0.358
Total cholesterol, mg/dL, median (1st; 3rd) 179.2 (169–187.2) 185.1 (177–189) 195.8 (181–202.3) 191.9 (184–196) 0.758
HDL-cholesterol, mg/dL, median (1st; 3rd) 52.3 (45–56.3) 53.9 (48.1–58.4) 56.8 (52.2–60) 57.1 (45–54) 0.661
LDL-Cholesterol mg/dL, median (1st; 3rd) 117.8 (98–121.3) 122.1 (117–128) 127 (116.3–131) 123.4 (119–129) 0.547

BUN, mg/dL, median (1st; 3rd) 29.6 (25.1–33.2) 31.5 (28.4–32.4) 31.8 (28.9–33) 33.1 (28–35.1) 0.496
CRP, mg/dL, median (1st; 3rd) 0.31 (0.25–0.34) 0.4 (0.31–0.47) 0.58 (0.41–0.65) 0.59 (0.39–0.67) <0.001

Systolic pressure, mm/hg, median (1st; 3rd) 118 (115–123.1) 123.6 (112–129) 128.7 (119–142) 125.6 (121–132) <0.001
Diastolic pressure, mm/hg, median (1st; 3rd) 86.3 (79.9–88.6) 82.5 (80–88.7) 85.5 (81.9–95) 84.6 (82.6–87) 0.024

Ferritin, ng/mL, median (1st; 3rd) 80.3 (77.1–85.2) 89.9 (84.2–92) 95.7 (92–99.2) 95.9 (91–97.5) 0.059
Smoker, n (%) 6 (19) 5 (21.4) 6 (21) 7 (24.4) 0.412
Current, n (%) 7 (16.6) 5 (14.3) 4 (16.3) 5 (19.5) 0.636
Never, n (%) 30 (81) 30 (78.6) 30 (79) 29 (75.6) 0.501
Past, n (%) 1 (2.3) - 2 (4.6) 2 (4.9) 0.698

Comorbidities
Diabetes, n (%) - 3 (7.1) 4 (14) 4 (9.7) <0.001

Atrial fibrillation, n (%) - 2 (4.7) 2 (16.3) 3 (7.3) <0.001
Angina pectoris, n (%) - 3 (7.1) 3 (39.5) 4 (9.7) <0.001

Stroke, n (%) - - 3 (27.9) 2 (2.4) <0.001
Heart failure, n (%) - 1 (2.3) 2 (23.5) 1 (2.4) <0.001

Drug treatment of CVD
Antihypertensive, n (%) - 4 (9.5) 3 (32.5) 6 (14.6) <0.001

Statins, n (%) - 3 (7.1) 5 (25.6) 4 (9.7) <0.001
Low-dose aspirin, n (%) - 2 (4.7) 3 (30.2) 2 (9.7) <0.001

Beta-blockers, n (%) - 3 (7.1) 2 (23.5) 3 (12.2) <0.001
SSc type, n (%)

Diffuse cutaneous SSc, n (%) - 32 (76.2) - 30 (73.2)
Limited cutaneous SSc, n (%) - 5 (11.9) - 6 (14.6)

Overlap syndrome, n (%) - 2 (4.7) - 3 (7.3)
Sclerosis sine scleroderma, n (%) - 2 (4.7) - 1 (2.4)

Undifferentiated SSc, n (%) - 1 (2.3) - 1 (2.4)
Disease duration
≤5years, n (%) - 19 (45.2) - 20 (48.9)

>5 to 10 years, n (%) - 12 (28.6) - 11 (26.8)
≥10 years, n (%) - 11 (26.2) - 10 (24.4)

Total SSc disease duration, median (1st; 3rd) - 7.3 (5.9–7.9) - 7.6 (5.8–8.2)
MRSS, Total score 17.5 (16.4–18.3) 18.9 (15.6–20.4)

Vitamin D
Serum vitamin D, ng/mL, median (1st; 3rd) 30.5 (28.8–32.3) 21.1 (15.4–22.9) 19.1 (17.6–26.8) 15.9 (14.7–16.9) <0.001
Dietary vitamin D intake (IU/Day), median

(1st; 3rd) 207.4 (199.9–212) 202.6 (189–210.5) 200.1 (181.6–215) 199.1 (178.5–211) 0.152

Supplementary vitamin D intake (IU/Day),
median (1st; 3rd) 246 (241.3–259) 239.9 (231.4–256) 235.4 (231–245) 248.5 (241–259.2) 0.812

Total vitamin D intake (IU/Day), median (1st;
3rd) 446.9 (440.1–452) 441.5 (429–451) 439.6 (429.5–446) 447.3 (412.3–458) 0.654

Periodontal Parameters
Number of teeth, n, median (1st; 3rd) 25.9 (22–26) 22.6 (19–24) 18.3 (18–23) 17.9 (16–19) <0.001

CAL, mm, median (1st; 3rd) 1.4 (1.1–1.8) 2.78 (2.1–3) 4.28 (2–2.9) 4.59 (3.1–5) <0.001
Sites with CAL 4–5 mm (%) median (1st; 3rd) - - 11.7 (9.9–15.8) 35.7 (30.2–41.1) <0.001
Sites with CAL ≥ 6 mm (%), median (1st; 3rd) - - 14.4 (1.9–18.8) 18.3 (15.9–25) <0.001

PD, mm, median (1st; 3rd) 1.48 (1.31–1.6) 2.91 (2.6–3.5) 4.41 (2.68–3.21) 4.88 (4.12–5.2) <0.001
Sites with PD 4–5 mm (%), median (1st; 3rd) - - 44.3 (2.1–5.1) 48.9 (40.2–53) <0.001
Sites with PD ≥ 6 mm (%), median (1st; 3rd) - - 21.3 (11.8–33.6) 23.6 (17.8–29) <0.001

BOP, median % (1st; 3rd) 9.1 (8.5–9.1) 11.8 (8.9–29) 36.6 (10.6–18.6) 41.1 (38.1–44.5) <0.001
Plaque Index, median (1st; 3rd) 0.82 (0.71–0.9) 0.81 (0.71–0.9) 1.02 (0.78–1.89) 1.11 (0.71–0.95) 0.097

SSc, systemic sclerosis; PT, periodontitis; BMI, body mass index; HDL, high-density lipoprotein; LDL, light-density lipoprotein; BUN, blood
urea nitrogen; CRP, C-reactive protein; CVD, cardiovascular disease; MRSS, modified Rodnan skin score; CAL, clinical attachment level;
PD, probing depth.
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Table 2. p-value of two-by-two comparison between groups performed by the Mann–Whitney test. Adjusted α level = 0.008.

Clinical Variables CNT vs. SSc CNT vs. PT CNT vs. SSc + PT SSc vs. PT SSc vs. SSc + PT PT vs. SSc + PT

Age 0.899 0.071 0.658 0.124 0.313 0.312
BMI, kg/m2 0.165 0.312 0.133 0.289 0.229 0.201

Glucose, mg/dL 0.923 0.589 0.158 0.587 0.587 0.209
Uric acid, mg/dL 0.002 0.002 0.002 0.079 0.078 0.454

Albumin, g/L 0.289 0.312 0.089 0.874 0.769 0.339
Fibrinogen, mg/dL 0.451 0.287 0.366 0.329 0.323 0.551

Apolipoprotein A, mg/dL 0.555 0.877 0.387 0.327 0.542 0.178
Total Cholesterol, mg/dL 0.489 0.598 0.358 0.331 0.312 0.694

Triglycerides, mg/dL 0.323 0.311 0.441 0.239 0.341 0.311
BUN, mg/dL 0.554 0.462 0.439 0.698 0.491 0.369
CRP, mg/dL <0.001 <0.001 <0.001 0.641 0.555 0.002

Systolic pressure, mm/Hg 0.478 <0.001 <0.001 <0.001 <0.001 0.374
Diastolic pressure, mm/Hg 0.605 <0.001 0.004 <0.001 <0.001 0.321

Ferritin, mcg/L 0.709 0.443 0.399 0.444 0.532 0.557
Serum Vitamin D, ng/mL <0.001 <0.001 <0.001 0.021 0.019 0.009
Dietary Vitamin D intake

(IU/Day) 0.741 0.784 0.789 0.874 0.789 0.447

Supplementary Vitamin D
intake (IU/Day) 0.753 0.589 0.448 0.811 0.531 0.589

Total Vitamin D intake
(IU/Day) 0.589 0.854 0.599 0.423 0.339 0.872

Periodontal Parameters
Number of teeth, n <0.001 <0.001 <0.001 <0.001 0.487 <0.001

CAL, mm <0.001 <0.001 <0.001 <0.001 0.565 <0.001
% of sites with CAL 4–5 mm <0.001 <0.001 <0.001 <0.001 0.445 <0.001
% of sites with CAL ≥ 6 mm <0.001 <0.001 <0.001 <0.001 0.333 <0.001

PD, mm <0.001 <0.001 <0.001 <0.001 0.589 <0.001
% of sites with PD 4–5 mm <0.001 <0.001 <0.001 <0.001 0.611 <0.001
% of sites with PD ≥ 6 mm <0.001 <0.001 <0.001 <0.001 0.331 <0.001

BOP, % <0.001 <0.001 <0.001 <0.001 0.339 <0.001
Plaque Index 0.129 0.223 0.151 0.213 0.154 0.299

CNT, healthy controls; SSc, systemic sclerosis; PT, periodontitis; BUN, blood urea nitrogen; CRP, C-reactive protein; IU, international unit;
CAL, clinical attachment level; PD, probing depth; BOP, bleeding on probing.
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Table 3. Stepwise linear regression models established for the number of teeth and periodontal indices. Age, vitamin D,
dietary vitamin D, CRP, and LDL cholesterol were included as a continuous variable. For gender, female served as reference.

Variable
Number of Teeth CAL

Coefficient 95% CI p-Value Coefficient 95% CI p-Value

Age −0.13 −0.21; −0.03 0.021 0.07 0.01; 0.55 0.043
Sex 1.62 0.59; 2.29 0.007 - - n.s.

Serum vitamin D 0.29 0.17; 0.41 <0.001 −0.15 −0.21; −0.55 <0.001
Dietary vitamin D −0.19 −0.32; 0.22 0.83 - - n.s.

CRP −2.66 −3.35; −1.79 <0.001 −0.39 0.24; 0.63 <0.001
LDL Cholesterol - - n.s. 0.65 0.01; 0.79 0.089

Variable
PD BOP

Coefficient 95%C.I. p-value Coeffficient 95%C.I. p-value

Age 0.05 −0.03; 0.88 0.058 0.72 0.14; 1.46 0.008
Serum vitamin D −0.15 −0.13; −0.78 <0.001 −1.77 −2.27; −1.31 <0.001

CRP −0.37 −0.21; 0.54 <0.001 −4.21 −3.38; 9.26 <0.001
LDL Cholesterol −0.17 −0.01; 0.23 0.085 - - n.s.

n.s., not significant. p < 0.05, statistically significant.

There were no multicollinearities among vitamin D, dietary and supplemental vitamin
D, with a VIF that resulted in 1.26 for vitamin D and dietary vitamin D; 1.39 for vitamin D
and supplementary vitamin D; 1.51 for dietary and supplemental vitamin D.

The p-trend analysis evidenced that there was a significant progressive increase of
serum vitamin D with a proportional increase in number of teeth (p < 0.001), while there
was a proportionate decrease in serum vitamin D with a proportional increase in PD
(p = 0.004), CAL (p = 0.001), and BOP (p < 0.001) (Figure 3).
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Lastly, the univariate regression analysis evidenced that high LDL cholesterol (p = 0.021),
CRP (p = 0.014), and PT (p < 0.001) were significant predictors of serum vitamin D.
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The multivariate regression analysis evidenced that PT (p = 0.011) and CRP (p = 0.031)
were significant predictors of serum vitamin D (Table 4).

Table 4. Uni- and multivariate linear regression analysis. Age was included as a continuous variable. For PT, controls
served as reference. For gender, male served as reference.

Variable
Univariate Model Multivariate Model

B 95% CI p B 95% CI p

Age (years) −0.118 −0.036;0.214 0.331 −0.315 −0.469; 0.113 0.314
Sex 0.211 −0.054;0.329 0.108 0.218 −0.365; 0.178 0.087

Education −0.096 −0.108;0.364 0.067 −0.103 −0.196; 0.102 0.745
Smoking −0.369 −0.412;0.521 0.105 −0.252 −0.308;0.412 0.258

Triglycerides −0.210 −0.259;0.654 0.369 −0.087 −0.095;0.396 0.265
LDL Cholesterol −0.395 0.409;0.458 0.021 −0.354 −0.419;0.415 0.089
HDL Cholesterol 0.289 0.054;0.487 0.094 0.258 −0.114;0.412 0.109

BMI −0.275 −0.301;0.331 0.328 −0.119 −0.174;0.258 0.156
PT −0.356 −0.386;0.588 <0.001 −0.389 −0.159;0.661 0.011
SSc −0.235 −0.326; 0.317 0.359 −0.208 −0.352;0.247 0.257
CRP −0.202 −0.229;0.701 0.014 −0.447 −0.056;0.578 0.031

HDL, high-density lipoprotein; LDL, light-density lipoprotein; BMI, body mass index; PT, periodontitis; SSc, systemic sclerosis; CRP,
C-reactive protein.

4. Discussion

This trial was designed to analyze the correlation among serum vitamin D, SSc, and
PT, and to identify the confounders, which had a significant influence on periodontal status
in patients with SSc and PT. Moreover, the aims were to assess if PT had an influence on
serum vitamin D.

The results have shown that patients with PT and SSc plus PT had significant low
serum vitamin D levels compared to SSc and healthy subjects.

In accordance with the results of the present study, previous reports have been shown
that patients with PT and with SSc presented serum vitamin D significantly lower than
controls [33,34].

In this regard, some factors, such as the thickness of the skin, intestinal malabsorption,
insufficient diet, and reduced sunlight exposure, may represent a key role of reduced
vitamin D levels in SSc patients [35].

The major issue in the appearance of vascular related-disease during SSc was demon-
strated to be the tissue hypoxia. Tissue hypoxia is one of the main causes for oxidative stress
and relative vasospasm, which in turn leads to an imbalance of the coagulation system and
endothelial injury, damage of vascular endothelial cells, and, finally, tissue fibrosis [36].
Recent evidence has been suggested concerning the antioxidative and anticoagulant effects
of vitamin D, with the intriguing theory that vitamin D deficiency may accelerate vascular
disorders in SSc through the stimulation of the oxidative stress pathways [37].

Moreover, recent studies supported that reduced levels of vitamin D could also have a
role in the pathogenesis of SSc through a modulation action of vitamin D in the regulation
of transforming growth factor (TGF)-β, a crucial mediator in the production of fibroblast
and collagen during both SSc [38] and PT [39]. Consequently, vitamin D could interfere
and cause the fibrosis of the skin in SSc, which may also cause temporomandibular joints
and oral dysfunction, similar to rheumatoid patients [40].

Moreover, recent evidence introduced the hypothesis that lower vitamin D serum
could lead to an increase of autoimmune and inflammatory disease risk, especially during
SSc. Vitamin D has been demonstrated to have a direct influence on the immune system
through its vitamin D receptor, which can modulate the pro-inflammatory cytokines,
lymphocytes, and the overall host response [41].

During the last few decades, many shreds of evidence have demonstrated the protect-
ing role of vitamin D in oral tissues, especially during different diseases, such as PT [23,42].
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In this regard, long prospective studies carried out on a large scale in the adult
population have shown that subjects who presented high levels of vitamin D had a 20%
lower risk of developing PT and tooth loss [23]. Furthermore, another trial on healthy
pregnant women showed an increased risk odds ratio (OR) of 2.1 of developing PT in those
who had vitamin D over 30 ng/mL [43].

Moreover, the essential role of vitamin D in regulating calcium levels in the human
body, especially in the bone and soft tissues, has been unanimously recognized [44].

It has been demonstrated that vitamin D has combined anti-inflammatory and antimi-
crobial activities. Vitamin D, in fact, has a direct effect on the adaptive immune system,
stimulating the production of molecules, such as cathelicidins and defensins, from different
mediators and inflammatory cells, such as monocytes, lymphocytes, and macrophages
with direct pro-inflammatory effects on all tissues, including periodontal tissues [45].

Indeed, a strong anti-inflammatory action exerted by vitamin D has been demon-
strated, in a direct dose-dependent way, in the mouth, especially against the main peri-
odontal pathogenic bacteria [45]. Grenier et al. [46] have highlighted a role in vitamin
D through a selective inhibition on Porphyromonas gingivalis (P. gingivalis) and a specific
gene suppression action of the associated virulence factor, which in turn determine a lower
bacterial load of the P. gingivalis on gingival biofilm, which would reduce the subsequent
inflammatory response and evident tissue damage during PT. In this regard, our study has
shown that the number of teeth and the levels of periodontal indexes were significantly
dependent on serum vitamin D (p < 0.001 for all observations). These results were in
agreement with previous observations, which highlighted a possible relationship between
vitamin D and PT; in this regard, cohort studies have shown that an increase in the severity
of PT was related to low levels of vitamin D in serum [47].

Therefore, basing on this evidence, our analysis was aimed at further analyzing the
relationship among serum levels of vitamin D and PT and the effects exerted by PT and
gingival health vitamin D levels in healthy subjects and in subjects with PT and SSc.

Our study demonstrated that, in the enrolled patients, a proportional increase (p-
trend) in the number of teeth and a proportional decrease of PT (CAL, PD, and BOP)
was associated with a proportional increased in vitamin D levels in serum. Moreover,
interestingly, the multivariate regression analysis evidenced that PT and CRP were the
significant predictors of serum vitamin D.

In accordance with our study, some authors [22] reported that high levels of BOP was
found in subjects who presented low vitamin D serum (<50 nmol/L), and a net risk to
develop PT of 33%, compared to those who presented higher vitamin D levels (>50 nmol/L).
In accordance, other reports have highlighted that patients with optimal serum levels of
vitamin D had good gingival health and low BOP and CAL levels, with reduced levels of
interleukin-6 (IL-6), one of the main mediators of the phase of tissue destruction during
PT [48]. On this aspect, Zhan et al. [49] showed that proportional increases of 25-µg/L of
vitamin D in serum were related to a reduced presence of PT and tooth loss, strengthening
the hypothesis that elevated serum levels of vitamin D may represent immune protection
in healthy patients with PT.

This has been confirmed by some studies that have shown that supplemental diet
therapy with vitamin D and calcium supplements had positive effects, in terms of PD
and BOP reduction in PT patients undergoing maintenance therapy [50,51]. However, in
the present study, all enrolled subjects had the same supplemental and dietary vitamin
D values.

It is interesting to note that, in our study, the number of teeth and the main periodontal
indices were significantly dependent on vitamin D levels in serum, and that they correlated
to the serum CRP levels in the multivariate analysis, which also was a significant negative
predictor of serum vitamin D.

In agreement, with the capability of vitamin D reducing the inflammatory response,
interfering on the release on the CRP has been previously demonstrated [52,53]. On the
other hand, the correlation among vitamin D, CRP, and PT may be due to the role performed
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by PT on inflammation, which could lead to an adjunctive systemic release of CRP [54].
In agreement, a recent report [55] has evidenced that CRP was strictly correlated with PT,
even after adjusting for some potential confounders [55–57]. For these reasons, during
SSc, PT can lead to a negative systemic inflammatory stimulus and a relative augmented
risk of endothelial dysfunction and focal ischemic injuries that, associated with SSc, may
determine, in the heart tissues, myocytes apoptosis and fibroblasts replacement, with a
final, irreversible myocardial fibrosis [56].

However, our trial has certain limits, such as the design of the study that does not
permit analysis of the longitudinal relationship among vitamin D, SSc, and PT.

In the last few decades, there has been an increase in the number of studies aimed at
better establishing the role of vitamin D in human health. Research is still ongoing, which
aims to find and develop new methods to help clinicians better improve the conditions to
determine PT and tooth loss (especially in some chronic conditions, including SSc).

The results of the present study suggested that subjects with PT and SSc plus PT had
low serum vitamin D compared to SSc and healthy subjects. A progressive increase of
serum vitamin D was associated with good oral health conditions. Moreover, PT and high
CRP were predictors of serum vitamin D. However, further studies with a prospective
design and a larger sample are needed to better understand the impact of vitamin D during
PT and SSc.
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