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Abstract
Background
This study aimed to evaluate changes in serum 25-hydroxyvitamin D (25(OH)D) levels following
intramuscular (IM) ergocalciferol in patients with systemic sclerosis (SSc) and persistently low levels (<30
ng/mL) despite at least six months of oral cholecalciferol supplementation. Clinical outcomes of SSc were
not assessed.

Methodology
This retrospective series included patients with SSc who received IM vitamin D2 after non-response to oral
supplementation. Non-response was defined as a serum 25(OH)D level remaining below 30 ng/mL after at
least six months of oral cholecalciferol at a dose of 10,000 IU weekly. Serum 25(OH)D was measured before
the first injection, two weeks after the first injection, and four weeks after the second injection.

Results
In total, 12 patients were identified, with a mean age of 47.8 years; all were women. Five patients had diffuse
cutaneous SSc, while seven had limited cutaneous SSc. The mean disease duration was 17.9 years, with a
mean modified Rodnan skin score of 14.9. All patients received two injections of 300,000 IU of ergocalciferol
into the anterior gluteus muscle at a 15-day interval. The mean serum 25(OH)D level rose from 12.9 ng/mL
before the first injection to 23.1 ng/mL two weeks after the first injection, and to 37.2 ng/mL four weeks after
the second injection (p < 0.001). Overall, 10 of the 12 patients reached a level of 30 ng/mL or higher. No
adverse events were reported during the follow-up period.

Conclusions
In this small retrospective series, IM ergocalciferol increased serum 25(OH)D levels and was not associated
with reported adverse events. Prospective controlled studies are needed to confirm these findings.

Categories: Internal Medicine, Allergy/Immunology, Dermatology
Keywords: connective tissue disease, ergocalciferol, intramuscular, systemic sclerosis, vitamin d deficiency

Introduction
Systemic sclerosis (SSc) is a connective tissue disease characterized by the progressive loss of the
microvascular bed, leading to fibrotic changes in the affected organs and tissues. Depending on the extent of
skin involvement, it can be classified as either limited cutaneous SSc (lcSSc), which is restricted to the face
and areas below the elbows and knees, or diffuse cutaneous SSc (dcSSc) [1].

A remarkably high prevalence of vitamin D deficiency has been reported in patients with connective tissue
disorders, such as systemic lupus erythematosus, granulomatosis with polyangiitis, and SSc [2,3]. This
deficiency could be multifactorial in SSc, where the disease can affect the organs involved in vitamin D
metabolism. Endogenous synthesis through skin exposure to sunlight is the main source of vitamin D;
dietary consumption serves as another source [4]. In the epidermis, 7-dehydrocholesterol (or provitamin D3)
transforms into previtamin D3 after exposure to UV rays, particularly UVB [5,6]. Previtamin D3 is converted
to vitamin D3 (cholecalciferol) through a heat-dependent reaction. Additionally, ergocalciferol is absorbed
from food in the digestive tract [4], especially in the small intestine [7]. Dietary sources include supplements
and foods such as milk, dairy products, fish, meat, poultry, eggs, and sweets [8]. Cholecalciferol and
ergocalciferol enter the bloodstream and are stored in the liver as 25-hydroxyvitamin D (25(OH)D) after
hydroxylation by the liver’s 25-alpha-hydroxylase. To produce the biologically active form of vitamin D,
25(OH)D undergoes a second hydroxylation in various tissues by 1-alpha-hydroxylase, resulting in the
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formation of 1,25-dihydroxyvitamin D (calcitriol or 1,25(OH)2D) [9,10].

Many factors can contribute to vitamin D deficiency in SSc patients. First, dermal fibrous thickening and
capillary damage may impact the conversion of 7-dehydrocholesterol to previtamin D3. Serum levels of
25(OH)D were inversely correlated with skin thickness and were significantly lower in patients with dcSSc
compared to lcSSc [11]. Second, vascular damage, nerve dysfunction, smooth muscle atrophy, and intestinal
wall fibrosis can lead to hypomotility and small intestinal bacterial overgrowth, resulting in subclinical
malabsorption of nutrients and vitamins [12,13]. Third, physical impairment associated with a sedentary
lifestyle reduces exposure to sunlight. It has also been suggested, though not confirmed, that lower serum
levels of vitamin D correlate with SSc severity or activity [2,14-16]. Conversely, recent experiments on mouse
cells have demonstrated that vitamin D possesses a direct antifibrotic action. It inhibits the production of
transforming growth factor beta 1, a pro-fibrotic cytokine, as well as the synthesis of collagen I and collagen
III in mesenchymal multipotent cells while increasing the expression of anti-fibrotic factors such as matrix
metalloproteinase 8 [17]. Hence, it remains unclear whether hypovitaminosis D is a risk factor or a
consequence of SSc [11].

The oral route is considered the most common way of vitamin D supplementation [18]. However, in the
patients included in this series, oral cholecalciferol at a dose of 10,000 IU weekly for at least six months did
not correct their low serum 25(OH)D levels. Many studies have analyzed the frequent vitamin D deficiency in
SSc [2,11,14,15,19]. However, to our knowledge, no prior study has specifically evaluated intramuscular (IM)
vitamin D supplementation in SSc patients with persistently low 25(OH)D despite oral supplementation.
Here, we report a retrospective series of patients with SSc and low vitamin D not responding to oral
supplementation, who received IM vitamin D. The objective of this study was to evaluate changes in serum
25(OH)D levels following IM ergocalciferol in patients with SSc and persistently low levels (<30 ng/mL)
despite at least six months of oral cholecalciferol supplementation. Clinical outcomes of SSc were not
assessed.

A preprint of this manuscript was previously published on August 01, 2023, and is available at Research
Square (https://doi.org/10.21203/rs.3.rs-3093126/v1).

Materials And Methods
Study design and patients
This retrospective study included patients evaluated at the Department of Dermatology, Hôtel-Dieu de
France Hospital, Beirut, Lebanon, between 2018 and 2022. We included patients who met the following
criteria: (i) SSc diagnosis according to the American College of Rheumatology (ACR)/European Alliance of
Associations for Rheumatology (EULAR) 2013 classification [1]; (ii) age between 30 and 65 years; (iii)
subclinical serum 25(OH)D level <30 ng/mL after at least six months of oral cholecalciferol at a dose of
10,000 IU weekly; and (iv) administration of IM vitamin D during the study period.

Non-response to oral supplementation was defined as a serum 25(OH)D level <30 ng/mL after at least six
months of oral cholecalciferol at a dose of 10,000 IU weekly. The same oral dose was used for all patients.
Adherence to oral supplementation was assessed by questioning patients at each follow-up visit when
vitamin D levels did not improve. The duration of oral supplementation ranged from six to eight months,
depending on the timing of each patient’s next scheduled consultation. Oral cholecalciferol was
discontinued during the IM treatment period.

Data collection
The following data were retrieved from the patients’ files: age; sex; SSc type; disease duration; modified
Rodnan skin score; dose and duration of oral vitamin D3 supplementation; serum levels of 25(OH)D before,
during, and after IM injection of vitamin D2; serum levels of calcium, phosphorus, and parathormone after
IM injection; the posology of IM vitamin D2; and the report of any systemic side effects or reactions at the
injection site. Of note, skin thickness was evaluated during the patient’s examination using the modified
Rodnan skin score, grading 17 areas (left and right fingers, dorsum of hands, forearms, upper arms, feet,
legs, and thighs; and face, chest, and abdomen) from 0, where skin has normal thickness and mobility, to 4,
where skin is thick and impossible to pinch. The higher the score, the greater the disease severity [20].

Study protocol
All patients received two injections of 300,000 IU of ergocalciferol (vitamin D2) into the anterior gluteus
muscle at a 15-day interval (Stérogyl 15 “H”; 600,000 IU/1.5 mL; Desma Pharma, France). For each injection,
a new ampoule was opened, and half of its volume (0.75 mL, corresponding to 300,000 IU) was drawn and
injected immediately. The remaining volume was discarded after the injection and was not stored for later
use. Each patient therefore received two separate ampoules.

Blood samples were drawn at three time points. The first sample was drawn three to five days before the first
injection, after at least six months of oral supplementation, to measure the baseline serum 25(OH)D level.
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The second sample was drawn two weeks after the first injection, before the second injection, to measure the
serum 25(OH)D level. The third sample was drawn four weeks after the second injection, corresponding to
six weeks after the first injection, to measure serum 25(OH)D, calcium, phosphorus, and parathormone
levels. Serum calcium, phosphorus, and parathormone were not measured at baseline.

Safety was assessed at each follow-up visit, namely, at the time of the second injection (two weeks after the
first injection) and four weeks after the second injection. At each visit, patients were actively questioned
about systemic symptoms suggestive of hypercalcemia or vitamin D toxicity (nausea, vomiting, constipation,
abdominal pain, polyuria, polydipsia, fatigue, and confusion) and about local reactions at the injection site
(pain, swelling, erythema, or induration). These findings were documented in the patients’ medical files.
The total safety follow-up period was therefore four weeks after the second injection.

Laboratory measurements
According to the manufacturer’s protocol, serum 25(OH)D was measured on peripheral blood samples by the
Liaison® chemiluminescence immunoassay (DiaSorin Inc., Italy). All patients with levels below 30 ng/mL
were considered to have a poor vitamin D status, without subdividing them into deficiency and insufficiency
ranges. The reference ranges of our laboratory were 2.10-2.55 mmol/L for serum calcium, 0.81-1.45 mmol/L
for serum phosphorus, and 6.3-36.8 pg/mL for parathormone.

Statistical analysis
Statistical analysis was performed using SPSS version 29.0.2 (IBM Corp., Armonk, NY, USA). Quantitative
variables were described as mean ± standard deviation (SD), and qualitative variables as numbers. Serum
25(OH)D levels before the first IM injection, two weeks after the first IM injection, and four weeks after the
second IM injection were compared using repeated-measures analysis of variance (ANOVA), as the same
patients were measured at three time points. Normality was assessed with the Shapiro-Wilk test, and
sphericity with Mauchly’s test. When sphericity was violated, the Greenhouse-Geisser correction was
applied. Pairwise comparisons were performed with the Bonferroni post hoc test and reported as mean
differences with 95% confidence intervals (CIs). Effect sizes were reported as eta squared (η²) for the overall
model and Cohen’s d for pairwise comparisons. Because of the small sample size, the Friedman test,
followed by Wilcoxon signed-rank tests with Bonferroni correction, was used as a sensitivity analysis. P-
values <0.05 were considered significant.

Ethical considerations and patient consent
This is a retrospective analysis of data collected during routine clinical care. The administration of IM
ergocalciferol and the scheduled blood sampling were part of standard clinical practice and were not
performed for research purposes. No research-specific procedure was performed, and all data were
anonymized before analysis. All patients first gave written informed consent for treatment. When data were
later collected retrospectively, a second written informed consent for publication was obtained from all 12
included patients. This consent covered the use of their anonymized clinical data in a retrospective research
publication.

Results
Of 36 patients with SSc screened, 30 were between 30 and 65 years old. Overall, 20 patients had serum
25(OH)D levels <30 ng/mL, of whom 16 remained below this level after at least six months of oral
supplementation, which invariably consisted of weekly 10,000 IU cholecalciferol capsules. Four of these 16
patients declined injectable therapy; therefore, 12 patients who received IM vitamin D were included (Figure
1). All were women, with a mean age of 47.8 ± 8.4 years. Five had dcSSc, and seven had lcSSc. The mean
disease duration was 17.9 ± 6.8 years.
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FIGURE 1: Flow diagram of patient selection.
SSc: systemic sclerosis; 25(OH)D: 25-hydroxyvitamin D; IM: intramuscular

Table 1 displays the patients’ characteristics and the serum levels of 25(OH)D during treatment.
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Patient
Age
(years)

Sex
SSc
type

Disease
duration
(years)

Modified
Rodnan skin
score

Previous cure with oral
vitamin D3
(cholecalciferol)

Serum level of 25(OH)D (ng/mL)

Dose
(IU/week)

Duration
(months)

Before the
first IM
injection

2 weeks after
the first IM
injection

4 weeks after the
second IM
injection

1 50 F Systemic 17 22 10.000 6 12 27 41

2 54 F Localized 21 12 10.000 6 09 21 47

3 62 F Systemic 30 28 10.000 6 14 23 34

4 41 F Localized 10 8 10.000 6 12 30 47

5 49 F Localized 18 10 10.000 6 21 29 36

6 60 F Localized 25 13 10.000 6 10 21 45

7 40 F Systemic 15 18 10.000 6 12 25 39

8 43 F Systemic 17 20 10.000 6 11 21 31

9 51 F Localized 28 15 10.000 6 6 15 29

10 35 F Systemic 12 12 10.000 8 18 22 32

11 49 F Localized 13 8 10.000 6 15 21 29

12 39 F Localized 9 13 10.000 7 15 22 36

Mean ±
SD

47.8 ±
8.4

- - 17.9 ± 6.8 14.9 ± 6.0 - 6 ± 0.6 12.9 ± 4.0 23 ± 4.1 37.1 ± 6.6

TABLE 1: Patients’ characteristics and serum levels of 25(OH)D before the first IM injection, two
weeks after the first IM injection, and four weeks after the second IM injection of ergocalciferol.
SSc: systemic sclerosis; IM: intramuscular; F: female; SD: standard deviation

Serum 25(OH)D levels were normally distributed at the three time points (Shapiro-Wilk test, p = 0.94, 0.27,
and 0.23, respectively). Mauchly’s test showed that the assumption of sphericity was violated (W = 0.33,
χ²(2) = 11.16, p = 0.004); therefore, the Greenhouse-Geisser correction was applied (ε = 0.60). The repeated-
measures ANOVA showed a significant difference between serum 25(OH)D levels across the three time
points (F(1.20, 13.15) = 87.5, p < 0.001, η² = 0.81). The mean increase was 10.2 ng/mL (95% CI = 7.0 to 13.4; p
< 0.001; d = 2.6) between baseline and two weeks after the first injection, 24.3 ng/mL (95% CI = 17.3 to 31.2; p
< 0.001; d = 2.9) between baseline and four weeks after the second injection, and 14.1 ng/mL (95% CI = 9.3 to
18.9; p < 0.001; d = 2.4) between two weeks after the first injection and four weeks after the second injection
(Figure 2). All observed effect sizes were large according to Cohen [21]. These results were confirmed by the
Friedman test (χ²(2) = 24.0, p < 0.001), and all pairwise Wilcoxon signed-rank comparisons remained
significant after Bonferroni correction (p < 0.01). Serum 25(OH)D increased in every patient at each time
point, and 10 of the 12 patients reached a level of 30 ng/mL or higher four weeks after the second injection.
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FIGURE 2: Mean serum 25(OH)D levels before the first ergocalciferol
injection, two weeks after the first IM injection, and four weeks after the
second IM injection, in the 12 patients.
Repeated-measures ANOVA with Greenhouse–Geisser correction and Bonferroni post hoc test; F(1.20, 13.15) =
87.5, p < 0.001.

ANOVA: analysis of variance; 25(OH)D: 25-hydroxyvitamin D; IM: intramuscular

Serum calcium, phosphorus, and parathormone levels, measured four weeks after the second injection, were
within the reference ranges in all 12 patients. No adverse events, either systemic or at the injection site, were
reported during the follow-up period.

Discussion
We report the changes in serum 25(OH)D levels and the tolerance of IM ergocalciferol in a small series of
patients with SSc and a low vitamin D level refractory to oral supplementation. To our knowledge, this is the
first report of IM vitamin D supplementation in patients with a connective tissue disease and a low vitamin
D status refractory to oral supplementation. Such a route of administration was reported in vitamin D-
deficient diabetic patients [22]. We first applied it to one patient in 2018; the biochemical response and the
absence of adverse events in this patient led us to use the same treatment in other patients.

The most efficient replacement therapy has been the subject of debate for years [23]. If a choice can be made,
recent guidance prefers vitamin D3 to vitamin D2 for oral supplementation [24]. Equal efficacy and safety
were shown in daily, weekly, or monthly dosing regimens [25]. Compared to the IM route, higher and earlier
peaks are observed with the oral route [26,27]. Compared to IM cholecalciferol, lower peaks were seen with
IM ergocalciferol. For our patients, ergocalciferol was the only IM vitamin D available. The total dose was
divided into two injections of 300,000 IU each, given 15 days apart, to reduce the risk of side effects. Each
injection was prepared from a new ampoule.

IM vitamin D injections have shown promising results. In healthy Korean adults with vitamin D deficiency, a
single injection of 200,000 IU of vitamin D3 raised, within 12 weeks, the 25(OH)D levels above 20 ng/mL and
30 ng/mL in around 90% and 50% of individuals, respectively [28]. Moreover, 10 adults with a variety of past
and present medical conditions received 600,000 IU of IM vitamin D3; blood samples showed a peak of
25(OH)D at four weeks for most participants, and the levels were still remarkably higher than baseline at 24
weeks [18]. Similarly, Wylon et al. compared the pharmacokinetic evolution of a single 100,000 IU IM dose of
cholecalciferol to that of an 84-day oral supplementation; serum 25(OH)D level peaked one week after the
first dose of oral cholecalciferol and four weeks after the IM injection. Unlike the IM route, the fast rise with
the oral route was transitory. The sustained levels following IM injection were explained by a delayed release
along with the storage capacity of vitamin D in the adipose tissue [26]. Likewise, Gupta et al. compared the
mean serum 25(OH)D levels in two healthy groups with vitamin D deficiency. Overall, 20 received 60,000 IU
of cholecalciferol weekly for five weeks, and 20 others received a single IM injection of 300,000 IU of
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cholecalciferol. At 12 weeks, levels were significantly higher in the second group (25.46 ± 1.37 vs. 16.66 ± 1.36
ng/mL; p < 0.001), showing a sustained increase from baseline [12].

The strengths of this study include its focus on a population with persistently low vitamin D despite oral
supplementation, which has not been previously reported in SSc, the uniform treatment protocol applied to
all patients, and the complete 25(OH)D data at all three time points.

The limitations of this study include a retrospective observation with a small sample size, a short follow-up,
and restricted clinical data. Although the poor vitamin D status was subclinical, we thought, based on
literature data on the possible interaction between low vitamin D and disease status, that rapidly raising the
level would be theoretically beneficial. We have investigated the improvement of vitamin D levels only,
without other scleroderma-related manifestations, which would have carried more weight in this study.
Furthermore, the patients were not thoroughly investigated for the precise cause of low vitamin D, such as
abnormal gastrointestinal absorption, renal disease, menopausal status, concomitant medication, or poor
drug compliance.

In addition, the absence of a control group does not allow the observed increase to be attributed with
certainty to IM ergocalciferol. A selection bias is also possible, as only patients who accepted injectable
therapy were included, and four patients declined it. Although oral cholecalciferol was discontinued during
IM therapy, adherence to prior oral supplementation was self-reported and not objectively verified, which
may have contributed to the initial lack of response. Safety was assessed through adverse events reported
during a short follow-up, and serum calcium, phosphorus, and parathormone were measured only after
treatment, which did not allow comparison with baseline values. All patients were women treated at a single
center, which limits the generalizability of our findings. Finally, higher doses of oral vitamin D are
recommended in patients with malabsorption, such as after bariatric surgery; up to 6,000 IU of daily vitamin
D3 is preferred to up to 50,000 IU of vitamin D2 three times weekly [29]. This approach was not tested in our
patients, and the present data do not allow any comparison between IM and high-dose oral
supplementation.

Conclusions
In this small retrospective series, IM ergocalciferol was associated with a short-term biochemical response in
patients with SSc and a persistently low vitamin D status despite oral supplementation. Serum 25(OH)D
increased significantly; 10 of the 12 patients reached a level of 30 ng/mL or higher, and no adverse events
were documented during follow-up. Close monitoring of serum 25(OH)D may help determine the frequency
of supplementation. This study provides descriptive data that may help generate hypotheses, which should
be tested in prospective controlled studies with longer follow-up and assessment of SSc-related outcomes.
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