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Correction of Vitamin D Deficiency and Improvement in Clinical Symptoms 
Following 90-Day Supplementation with a Plant-Based Lichen-Derived 

Vitamin D3 Formulation: A Prospective Case Series

Abstract

Background: Vitamin D Deficiency (VDD) remains a major public health concern in India, contributing to musculoskeletal 
and systemic symptoms and increasing the burden of chronic non-communicable disease. Lichen-derived vitamin D₃ has 
emerged as a plant-based alternative to conventional lanolin-derived cholecalciferol, though clinical evidence on its real-world 
effectiveness remains limited.

Objective: To evaluate the effectiveness of a plant-based, lichen-derived vitamin D₃ supplement (4000 IU/day) on serum 
25-hydroxyvitamin D [25(OH)D] concentrations and deficiency-related symptoms in adults with vitamin D deficiency.

Methods: This prospective, single-arm case series included 60 adults with biochemically confirmed vitamin D deficiency who 
received a plant-based, lichen-derived vitamin D₃ formulation (4000 IU/day) for 90 days. Participants also received standard-
ized counselling regarding dietary habits and appropriate sunlight exposure. Serum 25(OH)D concentrations were measured at 
baseline and Day 90. Deficiency-associated symptoms, including irritability, generalized body ache, muscle cramps, fatigue, 
and sleep disturbances, were assessed before and after the intervention. Changes in serum 25(OH)D concentrations were anal-
ysed using the Wilcoxon signed-rank test, while paired categorical symptom outcomes were evaluated using McNemar's exact 
test. A two-sided p value <0.05 was considered statistically significant.

Results: Mean serum 25(OH)D concentration increased from 14.23 ± 5.03 ng/mL at baseline to 68.62 ± 11.77 ng/mL at day 
90 (p < 0.0001). Statistically significant reductions were observed in most baseline symptoms, including irritability, body ache, 
cramps, fatigue, and poor sleep (p < 0.05). No treatment-related adverse events were reported during the study period.

Conclusion: Ninety days of supplementation with a plant-based, vitamin D₃ formulation was associated with substantial cor-
rection of vitamin D deficiency and improvement in associated symptoms. These findings support lichen-derived vitamin D₃ as 
a viable vegan/vegetarian-friendly alternative for managing VDD, though larger controlled trials are needed to confirm these 
findings.
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Introduction
Vitamin D₃ (cholecalciferol) is a fat-soluble secosteroid that 
serves as the precursor to the biologically active hormone 
1,25-dihydroxyvitamin D₃ (calcitriol), a key regulator of cellu-
lar function and mineral homeostasis. Calcitriol exerts its bio-
logical effects by binding to the Vitamin D Receptor (VDR), 
which subsequently heterodimerizes with the Retinoid X Re-
ceptor (RXR) [1]. The VDR–RXR complex binds to Vitamin 
D Response Elements (VDREs) within the promoter regions of 
target genes, thereby regulating the transcription of hundreds 
of genes involved in diverse physiological processes. Through 
this genomic mechanism, vitamin D signaling plays a pivotal 
role in calcium and phosphate homeostasis, immune regula-
tion, cellular proliferation and differentiation, and the mainte-
nance of skeletal health [2,3].

Vitamin D deficiency (VDD) is recognized as a global public 
health concern, affecting billions despite its essential role in 
maintaining skeletal and extraskeletal health. In India, nearly 
68% of the population is deficient despite abundant sunlight, 
mainly due to skin pigmentation, reduced outdoor activity, 
and air pollution [4]. Consequently, VDD has emerged as an 
important contributor to the growing burden of chronic non-
communicable diseases.

The etiology of VDD is multifactorial involving lifestyle, envi-
ronmental factors, and diet. Reduced cutaneous synthesis due 
to insufficient sunlight exposure, indoor sedentary lifestyles, 
sunscreen use, and atmospheric pollution remains a primary 
cause of deficiency. Dietary intake is often inadequate because 
naturally vitamin D-rich foods, such as fatty fish, egg yolks, 
and fortified products, are consumed infrequently in many 
populations [5]. Furthermore, obesity is an established risk fac-
tor, as vitamin D is sequestered within adipose tissue, reducing 
its circulating bioavailability and contributing to lower serum 
25-hydroxyvitamin D [25(OH)D] concentrations [6].

Persistent deficiency of 25(OH)D results in impaired intesti-
nal calcium absorption, leading to compensatory secondary 
hyperparathyroidism. Elevated parathyroid hormone (PTH) 
concentrations maintain serum calcium through increased 
bone resorption, ultimately compromising bone mineraliza-
tion. Clinical symptoms are often non-specified, manifesting 
as tiredness, proximal muscle weakness, and persistent, gener-
alized musculoskeletal pain, which commonly results in incor-
rect diagnosis of arthritis or fibromyalgia [7]. Prolonged and 
severe deficiency can lead to osteomalacia in adults, increasing 
the risk of bone deformities, fragility fractures, and, in severe 
cases, hypocalcemic seizures and cardiovascular complica-
tions [3,8].

Achieving the recommended dietary allowance of 600–800 
IU/day through diet alone is challenging because natural food 
sources of vitamin D are limited [9]. Consequently, vitamin 
D supplementation is widely recommended by professional 
organizations, particularly for individuals at increased risk of 
deficiency [10]. Conventionally, vitamin D₃ supplements are 
derived from lanolin extracted from sheep's wool. More re-
cently, lichen-derived vitamin D₃ has emerged as a plant-based 
alternative that aligns with the increasing consumer demand 
for vegan, sustainable, and clean-label nutraceuticals while 
providing chemically identical cholecalciferol [11].

Growing consumer demand for vegan, sustainable, and clean-
label nutraceuticals has increased interest in plant-based alter-
natives to conventional lanolin-derived vitamin D₃. Lichen-de-
rived vitamin D₃ provides cholecalciferol that is chemically and 
biologically identical to animal-derived vitamin D₃, sharing the 
same molecular structure, metabolic activation, and biological 
activity. Despite its increasing commercial availability, clinical 
evidence supporting the effectiveness of lichen-derived vita-
min D₃ in correcting vitamin D deficiency and improving as-
sociated symptoms remains limited. Therefore, further human 
studies are needed to establish its clinical efficacy and support 
its use as a plant-based alternative for vitamin D supplementa-
tion.

Current evidence is limited and is largely based on indirect 
benchmarks rather than real-world clinical outcomes. There-
fore, well-designed before-and-after clinical studies are needed 
to establish the bio-efficacy and safety of lichen-derived vi-
tamin D₃ across diverse adult populations. The present study 
addresses this gap by evaluating its impact on serum vitamin D 
levels and key clinical health markers.

Case Presentation and Methodology 
A case series including a before-and-after study design to eval-
uate the effectiveness of plant-based Vitamin D3 supplement 
(4000 IU, lichen derived) in adults with Vitamin D deficiency. 
The study included 60 participants treated over a duration of 
90 days, following a before–after study design without a con-
trol group. Only cases with complete adherence and follow-up 
were included for final analysis. The study population com-
prised 30 male and 30 female participants.

Participants were included in study after the obtained consent. 
Participants were eligible for inclusion if they were adults aged 
18 years or older with biochemically confirmed vitamin D de-
ficiency, defined as a serum 25-hydroxyvitamin D [25(OH)D] 
concentration of <20 ng/mL at baseline. Individuals presenting 
with one or more symptoms commonly associated with vita-
min D deficiency, such as fatigue, generalized musculoskel-
etal pain, muscle cramps, irritability, or sleep disturbances, 
and who were willing to consume the study supplement for 90 
days and comply with follow-up assessments were included 
after providing written informed consent. Individuals were 
excluded if they were pregnant or lactating, had received vi-
tamin D supplementation within the preceding 3 months, or 
had comorbidities like diabetes mellitus, hypertension, and/ 
or known conditions that could significantly affect vitamin D 
metabolism or calcium homeostasis, including hypercalcemia, 
hyperparathyroidism, chronic kidney disease, severe liver dis-
ease, malabsorption syndromes, or granulomatous disorders. 
Participants with known hypersensitivity to any component of 
the study formulation or those unable to complete the 90-day 
follow-up were also excluded.

At baseline, participants were assessed for common clinical 
manifestations associated with vitamin D deficiency, includ-
ing irritability, generalized body ache, muscle cramps, fatigue, 
and sleep disturbances. Serum 25-hydroxyvitamin D [25(OH)
D] concentrations were measured at baseline and at the end of 
the 90-day intervention using standard laboratory blood tests.

Participants were administered with plant-based vitamin D₃ 
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Table 1: Comparison of Vitamin D Levels Before and After 
Treatment.

Figure 1: Change in Serum 25(OH)D Levels from Baseline to 
Day 90.

supplement at a dose of 4000 IU daily (one dose in the morning 
and one at night) for 90 days. In addition to supplementation, 
participants received counselling on lifestyle modifications, 
including dietary measures and adequate sun exposure. Symp-
tomatic improvement was assessed following the intervention, 
along with changes in serum 25(OH)D concentrations. Treat-
ment adherence was monitored through regular follow-up, and 
any adverse events reported during the study period were docu-
mented.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism ver-
sion 10.0 (GraphPad Software, Boston, MA, USA). Continu-
ous variables were summarized as Mean ± Standard Deviation 
(SD), while categorical variables were presented as frequen-
cies and percentages. The normality of continuous data was 
assessed using the Shapiro–Wilk test. As serum 25-hydroxyvi-
tamin D [25(OH)D] concentrations were not normally distrib-
uted, paired comparisons between baseline and Day 90 were 
performed using the Wilcoxon signed-rank test. Changes in 
paired categorical symptom outcomes (resolved versus persis-
tent) were analysed using McNemar's exact test. All statistical 
tests were two-sided, and a p-value <0.05 was considered sta-
tistically significant. Ninety-five percent confidence intervals 
(95% CIs) were reported where appropriate. Only participants 
who completed both baseline and Day 90 assessments were in-
cluded in the final analysis; therefore, no imputation for miss-
ing data was required, and analyses were performed on the 
complete-case dataset.

Result
A total of 60 participants were enrolled in the study, comprising 
30 males and 30 females, all of whom completed the treatment 
duration and were included in the final analysis. The mean age 
of the male participants was 46.27 ± 13.28 years, while the 
mean age of the female participants was 36.00 ± 11.96 years. 

Assessment of Serum Vitamin D [25(OH)D] Levels
The mean baseline serum 25-hydroxyvitamin D [25(OH)D] 
concentration was 14.23 ± 5.03 ng/mL, consistent with vita-
min D deficiency. Following 90 days of supplementation with 
plant-based vitamin D₃ (4000 IU), the mean serum 25(OH)D 
concentration increased to 68.62 ± 11.77 ng/mL. The increase 
in serum Vitamin D levels from baseline to day 90 was found 
to be highly statistically significant (p < 0.0001), indicating a 
strong treatment effect. This marked rise demonstrates substan-
tial improvement in Vitamin D status after the intervention. 

Timepoint Average ± SD P-value
Before Treatment 14.23±5.03 <0.0001
After 90 days of Treatment 68.62±11.77

Data are presented as Mean ± SD. Within-group comparison 
was performed using the Wilcoxon signed Rank test. A p-value 
<0.05 was considered statistically significant.

Assessment of reduction in Symptoms
At baseline, participants reported symptoms commonly asso-
ciated with vitamin D deficiency, including irritability, body 
ache, cramps, fatigue, muscle cramps, and poor sleep. Follow-
ing 90 days of supplementation with plant-based vitamin D₃, 
marked symptomatic improvement was observed. Statistically 
significant reductions were noted for most baseline symptoms 

Symptoms
Symptoms 
Before 
Treatment

Symptoms 
After Treatment

P value
Resolved Mild/

Persistent
Irritability 9 9 0 0.0039
Body 
Ache 15 7 8 0.0137

Cramps 8 1 7 0.0156
Fatigue 16 15 1 0.0005
Muscle 
cramps 4 3 1 0.2500

Poor sleep 8 8 0 0.0078

(p < 0.05). This reduction in symptom burden suggests a sig-
nificant positive impact of the intervention on general well-
being, and sleep quality, supporting the clinical effectiveness 
of the supplementation. No adverse events were reported by 
any participant during the 90-day intervention period.

Table 2: Change in Symptom Prevalence from Baseline to 
Day 90.

Data are presented as the number of subjects with each symp-
tom at baseline and their status after treatment. Within-group 
comparisons of paired binary symptom outcomes resolved/
persistent after were performed using McNemar's exact test. 
A two-sided p-value <0.05 was considered statistically signifi-
cant.

Discussion
The present study demonstrated that 90 days of supplementa-
tion with plant-based vitamin D₃ was associated with a sig-
nificant increase in serum 25-hydroxyvitamin D [25(OH)
D] concentrations and improvement in symptoms commonly 
associated with vitamin D deficiency. Serum 25(OH)D lev-
els increased from the deficient range at baseline to the suf-
ficient range after supplementation, with the change reaching 
high statistical significance (p < 0.001). This biochemical im-
provement was accompanied by significant reductions in the 
prevalence of several deficiency-related symptoms, including 
fatigue, body ache, cramps, irritability, and poor sleep, sug-
gesting a favourable clinical response to the intervention.

The observed findings are consistent with the established phys-
iological role of vitamin D in calcium and phosphate homeo-
stasis, neuromuscular function, and immune regulation. Res-
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Figure 2: Change in Symptom Prevalence from Baseline to Day 90.

toration of adequate vitamin D status has been associated with 
improvements in muscle function, musculoskeletal health, and 
overall well-being, which may explain the symptomatic im-
provements observed in the present study [12,13].

In addition to lichen-derived vitamin D₃, the formulation con-
tains nutritional yeast, Boswellia serrata extract, and Litho-
thamnium algae extract. Nutritional yeast provides essential 
micronutrients, while Lithothamnium algae is a natural source 
of bioavailable calcium and trace minerals that may support 
bone health. Boswellia serrata possesses well-documented 
anti-inflammatory properties that may contribute to the re-
lief of musculoskeletal symptoms [14]. Although the present 
study was not designed to evaluate the individual contribution 
of these ingredients, their combined presence may have sup-
ported the overall clinical benefits observed following supple-
mentation.

The findings of this study are consistent with previous reports 
demonstrating that vitamin D supplementation effectively cor-
rects vitamin D deficiency and is associated with improvement 
in deficiency-related clinical manifestations [15]. However, the 
interpretation of these findings should consider the study's lim-
itations. The before-and-after study design without a control 
group limits the ability to attribute the observed improvements 
solely to the intervention, and the relatively small sample size 
may limit the generalizability of the findings. Larger, well-con-
trolled clinical studies are warranted to confirm these results 
and to further evaluate the clinical effectiveness of lichen-de-
rived vitamin D₃ formulations, including the potential contri-
bution of adjunct ingredients.

Conclusion
This case series suggests that supplementation with plant-based 
vitamin D₃ was associated with a significant increase in serum 
25-hydroxyvitamin D [25(OH)D] concentrations and improve-
ments in symptoms commonly associated with vitamin D de-
ficiency after 90 days of intervention. Significant reductions 
in fatigue, body ache, cramps, irritability, and poor sleep were 
observed alongside restoration of serum vitamin D levels, indi-
cating favourable biochemical and clinical outcomes. Vitamin 
D₃ supplementation should be considered as part of a compre-
hensive approach to the management of vitamin D deficiency 
that includes a balanced diet, adequate sunlight exposure, and 
healthy lifestyle practices. The lichen-derived formulation 
evaluated in this study may represent a promising plant-based 
alternative for improving vitamin D status in deficient adults. 
Further well-designed, controlled clinical studies with larger 

populations and longer follow-up are needed to confirm the 
effectiveness, safety, and long-term clinical utility of this for-
mulation.
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