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Abstract
Background Hypovitaminosis D or vitamin D deficiency is a significant public health issue. Several vitamin D 
preparations are currently available. However, there is no consensus on the optimal dose and duration of vitamin D 
supplementation. This study aimed to evaluate the effects of vitamin D supplementation on symptoms and clinical 
outcomes in adults with insufficient or deficient baseline vitamin D levels.

Method A pre-post two-month intervention with 50,000 IU vitamin D3 supplementation for adults with 
documented insufficient or deficient baseline vitamin D levels, presented at Jazan University Hospital from August to 
December 2022.

Results Of the 204 participants, 65.1% had baseline vitamin D levels < 30 nmol/L. Vitamin D insufficiency is more 
prevalent among females, older adults, married individuals, and those with low income. However, these differences 
were not statistically significant (p > 0.5). The symptoms and clinical outcomes were significantly improved after 2 
months of vitamin D3 supplementation for the participants who achieved vitamin D levels > 50 nmol/L (p = 0.000). 
After adjusting for multiple confounders, the significant determinants of symptom improvement and clinical 
outcomes post-supplementation included education level, income, smoking status, and baseline vitamin D level.

Conclusions Hypovitaminosis D or vitamin D deficiency was observed in study participants. The use of a 50,000 IU 
cholecalciferol (vitamin D3) orally once per week for two months is sufficient to improve the symptoms and clinical 
outcomes of vitamin D deficiency. However, long-term follow-up could better assess the sustainability of benefits and 
explore long-term outcomes, such as the risk of deficiency recurrence.
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Introduction
Vitamin D is endogenously produced during exposure 
to sunlight [1]. Additionally, vitamin D can be found 
naturally in some foods, added to other foods, and used 
as a nutritional supplement. It is crucial to regulate the 
metabolism of calcium and phosphate to maintain ade-
quate bone mineralization and skeletal health [2, 3]. 
Deficient or insufficient levels of vitamin D can cause 
rickets in children, osteoporosis in older adults, and 
osteomalacia in the elderly [4]. Several large observa-
tional cohorts have shown a correlation between vitamin 
D insufficiency and an increased risk of fractures, fatigue 
symptoms, muscle pain, bone and lower back pain, and 
symptoms of depression [4–7]. There is controversy 
regarding the evaluation of vitamin D insufficiency by 
measuring serum 25-hydroxy vitamin D concentrations, 
specifically regarding the appropriate cut-off point(s) and 
the accurate levels that can be used to define low vita-
min D status [8]. Currently, the most effective biomarker 
to determine vitamin D status is thought to be the sum 
of the 25-hydroxy vitamin D2 and 25-hydroxy vitamin 
D3 concentrations [9, 10]. Researchers have not defini-
tively determined the serum levels linked to deficiency 
(as in rickets or osteomalacia) and sufficiency for over-
all health, particularly bone health. Nevertheless, there is 
consensus that individuals are generally considered to be 
at an increased risk of vitamin D insufficiency when their 
serum 25-hydroxy vitamin D concentration is less than 
30 nmol/L (12 ng/mL), at risk of inadequacy when their 
concentration is 30–50 nmol/L (12–20 ng/mL), and not 
at risk when their concentration is 50 nmol/L (20 ng/mL) 
or above [11].

Saudi Arabia has a high prevalence of vitamin D insuf-
ficiency [12]. In addition, a significantly high prevalence 
of vitamin D insufficiency has been documented in chil-
dren [13], adolescent girls [14] and the elderly [15]. This 
puts these groups at a higher risk of acquiring vitamin D 
insufficiency-related conditions, including musculoskele-
tal, cerebrovascular, and mental health disorders [14, 16]. 
Several previous studies have revealed that a variety of 
socio-demographic, clinical, and genetic predictors influ-
ence vitamin D status and impact vitamin D interven-
tions [17–19]. Generally, it is documented that, to raise 
the serum levels of vitamin D by 25 nmol/L, supplements 
containing 1,000 IU vitamin D must be taken for three to 
four months [20]. However, there are no established rec-
ommendations for the amount or length of time vitamin 
D should be taken [21]. Hence, this study aimed to evalu-
ate the effect of vitamin D supplementation on symptoms 
and clinical outcomes in adults whose baseline vitamin D 
levels are inadequate or deficient.

Methods
Study design; a pre-post interventional study
Study area: Family Medicine Clinics at Jazan University 
Hospital between August and December 2022.

Study population: All patients aged ≥ 18 years old, 
tested for Vitamin D status, regarded less of their pre-
sentation. The patients were grouped according to their 
initial vitamin D levels (deficient, insufficient, and suf-
ficient). To lower the risk of falls and fractures in the 
elderly population, the “International Society for Clini-
cal Densitometry” and the “International Osteoporo-
sis Foundation” recommend minimum blood levels of 
25-hydroxyvitamin D of 30 nmol/L [22]. In accordance 
with their advice, in the current investigation, we classi-
fied baseline vitamin D levels > 50 nmol/L (20 ng/mL) as 
sufficient, 30–50 nmol/L (12–20 ng/mL) as insufficient, 
and less than 30 nmol/L (12 ng/mL) as deficient. All 
those found to have inadequate or low vitamin D levels 
received 50,000 IU cholecalciferol (vitamin D3) orally 
once per week for two months.

Participant selection
Inclusion Criteria: Adults (aged 18 or older) with docu-
mented deficiency or insufficient baseline vitamin D lev-
els, presence of symptoms or clinical concerns that could 
be related to vitamin D deficiency (e.g., fatigue, muscle 
pain, bone discomfort), and willingness to participate 
in the supplementation phase. Exclusion Criteria: Indi-
viduals with conditions affecting vitamin D metabolism 
(e.g., hyperparathyroidism), those with severe chronic 
illnesses, children (aged less than 18), pregnant women 
or women on breastfeeding (unless specified), and those 
already taking high-dose vitamin D supplements.

Sample size
We used the rule of thumb [23] for sample size calcula-
tion, as we planned to use multivariate analysis in this 
study. A common rule of thumb for the sample size in 
multivariate analysis is to have at least 10–15 observa-
tions per predictor variable. The minimum estimated 
sample size was 100 patients for the 10 variables. We 
had a sample size of 204 patients, which is well above the 
minimum and preferred numbers, to provide sufficient 
power to detect significant relationships and interactions 
between predictors and outcomes.

Intervention details
Participants received 50,000 IU of cholecalciferol (vita-
min D3) tablets orally once per week for eight weeks (two 
months). Cholecalciferol (D3) was chosen over ergocal-
ciferol (D2) due to its longer half-life and superior ability 
to maintain elevated 25(OH)D levels. Previous research 
has shown that 25(OH)D2 levels decline to baseline 
within 14 days, while 25(OH)D3 remains elevated at day 
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28. A two-month supplementation period was selected 
based on prior studies demonstrating that weekly 50,000 
IU cholecalciferol for eight weeks effectively raises serum 
25(OH)D levels. While some studies use a 12-week inter-
vention, we acknowledge that a longer timeframe may 
provide additional insights into sustained outcomes.

Data collection and outcome measures
Symptom and clinical outcome assessment
Symptoms were assessed at baseline and after supple-
mentation using a structured, physician-assessed ques-
tionnaire derived from standardized instruments after 
explaining the objectives and consent for participation. 
Socio-demographic information such as gender, age 
group, marital status, income, BMI (body mass index), 
and educational attainment were gathered, along with 
information on potential health outcomes such as cardio-
vascular disease, hypertension, diabetes, kidney diseases, 
cancer, and cognitive impairment, as well as symptoms 
related to vitamin D deficiency, such as fatigue, muscle 
soreness, lower back pain, fractures, and depressive 
symptoms. Self-reported smoking and height and weight 
measurements were included in the questionnaire. We 
used standardized procedures to measure body weight 
and height to the nearest 0.1 kg and 0.1 cm, respectively. 
Weight in (kg) divided by height squired in (m) is the 
formula for BMI. Obesity was defined as a BMI of 30 or 
above.

Vitamin D level measurement
Individuals were tested for vitamin D serum lev-
els as requested by their family physicians. Serum 
25-hydroxyvitamin D [25(OH)D] levels were measured 
before and after the intervention using a chemilumines-
cence immunoassay (CLIA). The tests were conducted in 
a hospital laboratory, and the results were recorded using 
an electronic system.

Outcome comparison
Post-intervention levels were categorized as deficient 
(< 30 nmol/L), insufficient (30–50 nmol/L), or sufficient 
(> 50 nmol/L), and then the outcomes were compared 
between participants who reached normal (sufficient) 
vitamin D levels and those who still had low levels after 
supplementation have been done.

Statistical analysis
Data analysis was performed using SPSS version 20. 
Categorical variables are expressed as frequencies and 
percentages. The mean ± standard deviation (SD) and 
median ± interquartile range (IQR) were used to express 
continuous variables. Univariate logistic regression 
analysis was used to evaluate the predictors of vitamin 
D insufficiency. Differences were considered significant 

at p < 0.05. Multivariate robust logistic regression was 
used to identify the independent determinants of serum 
25-hydroxy vitamin D concentrations below 25 nmol/L 
and 50 nmol/L.

Results
Table  1 interprets the association between socio-demo-
graphic factors and vitamin D levels; In terms of base-
line vitamin D levels, 24.8% of males have levels less 
than 30 nmol/L, 11.2% have levels between 30 and 50 
nmol/L, and 1.9% have levels greater than 50 nmol/L. 
40.3% of females have levels less than 30 nmol/L, 21.4% 
have levels between 30 and 50 nmol/L, and only 0.5% 
have levels greater than 50 nmol/L. However, the dif-
ference, based on the genders, lacks statistical signifi-
cance (p -value = 0.127). When it comes to the age group, 
compared to participants over 45 (15.0%), a greater 
proportion of participants under 45 (50%) are vitamin 
D deficient (vitamin D < 30 nmol/L). Again, the differ-
ence lacks statistical significance (p-value = 0.565). A 
higher proportion of married participants and all income 
groups are vitamin D deficient. Still, these differences 
lack statistical significance (p-value = 0.951and 0.090 
respectively). Most of the participants are in the “Higher 
education” category (44.2%). While more educated par-
ticipants appear to have better vitamin D levels, the 
p-value (0.018) suggests a statistically significant associa-
tion between education level and vitamin D status. The 
p-value of 0.723 suggests that there is no statistically sig-
nificant variation in vitamin D levels between individuals 
who smoke and those who do not.

Table  2 shows the distribution and correlation of the 
symptoms across several vitamin D levels. The majority 
of participants with fatigue (63.6%) were vitamin D-defi-
cient (vitamin D < 30 nmol/L, p = 0.623). Muscle pain was 
more common in the participants with low vitamin D 
levels (63.6%). Bone pain appeared to be more common 
among those with low vitamin D levels (61.7%), but the 
p-value (0.854) suggested no significant association. No 
statistically significant association was found between 
vitamin D levels and joint pain (p = 0.890), low back pain 
(p = 0.680), history of fractures (p = 0.353), depressive 
symptoms (p = 0.623), stress (p = 0.392), or sleep distur-
bances (p = 0.202).

Table  3 presents the distribution of various comor-
bidities (bronchial asthma, hypertension, diabetes, and 
cardiovascular disease (CVD)) across different vitamin 
D levels. Most participants without bronchial asthma 
(62.6%) had vitamin D levels < 30 nmol/L. Only a small 
percentage of participants with asthma (2.4%) were 
included, making it difficult to draw strong conclusions. 
The p value (0.880) indicated no statistically significant 
association between vitamin D levels and bronchial 
asthma. Participants with hypertension tended to have 
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lower vitamin D levels (11.2%); however, the majority of 
hypertensive individuals were still in the deficient range 
(7.3%). The p-value (0.831) suggested no significant asso-
ciation between vitamin D status and hypertension. Par-
ticipants with diabetes showed a distribution similar to 
that of non-diabetic participants, predominantly within 
the vitamin D-deficient range. The p-value (0.154) was 
higher than 0.05, indicating no significant association 
between vitamin D levels and the presence of diabetes. 
The majority of participants with CVD had vitamin D 
deficiency or insufficiency, similar to those without CVD. 
The p-value (0.405) suggested no statistically significant 
association between vitamin D status and CVD.

Table 4 cross-tabulates the improvement in symptoms 
after 2 months of vitamin D3 supplementation against 
the post-intervention vitamin D levels (< 30, 30–50, and 
> 50 nmol/L). In the category of vitamin D level < 30 
nmol/L; 4 participants (1.9% of the total sample) with 

vitamin D levels still below 30 nmol/L showed no 
improvement in symptoms and none of the participants 
in this category showed slight improvement or complete 
improvement. The p-value of 0.000 suggests this obser-
vation is statistically significant. In the next category 
where vitamin D level 30–50 nmol/L; A majority (23.8%) 
of participants with vitamin D levels between 30 and 50 
nmol/L experienced slight symptom improvement, and 
a small proportion (2.4%) showed complete improve-
ment. Only 8 participants (3.9% of the total) showed no 
improvement. This indicates some benefit in achiev-
ing vitamin D levels within this range, though optimal 
symptom relief may require even higher levels. In the last 
category where vitamin D level > 50 nmol/L: The major-
ity of participants showed either slight improvement 
(22.3%) or complete improvement (44.2%) in symptoms. 
This suggests that achieving higher vitamin D levels (> 50 

Table 1 The association between socio-demographic factors and vitamin D levels
Vitamin D level P Value
< 30 30–50 > 50

Gender
 Male 51 (24.8%) 23 (11.2%) 4 (1.9%) 0.127
 Female 83 (40.3%) 44 (21.4%) 1 (0.5%)
Age
 Less than 45 103 (50.0%) 47 (22.8%) 4 (1.9%) 0.565
 More than 45 31 (15.0%) 20 (9.7%) 1 (0.5%)
Marital Status
 Single 42 (20.4%) 25 (12.1%) 1 (0.5%) 0.951
 Married 89 (43.2%) 40 (19.4%) 4 (1.9%)
 Divorced 1 (0.5%) 1 (0.5%) 0 (0.0%)
 Widow 2 (1.0%) 1 (0.5%) 0 (0.0%)
Income
 Low 36 (17.5%) 14 (6.8%) 1 (0.5%) 0.090
 Medium 61 (29.6%) 28 (13.6%) 0 (0.0%)
 High 37 (18.0%) 25 (12.1%) 4 (1.9%)
Education
 Illiterate 12 (5.8%) 8 (3.9%) 0 (0.0%) 0.018
 Primary 1 (0.5%) 0 (0.0%) 0 (0.0%)
 Secondary 30 (14.6%) 2 (1.0%) 0 (0.0%)
 Higher 91 (44.2%) 57 (27.7%) 5 (2.4%)
Smoking
 Non-Smoker 121 (58.7%) 61 (29.6%) 4 (1.9%) 0.723
 Smoker 13 (6.3%) 6 (2.9%) 1 (0.5%)
Exercise
 Less than one hour 36 (17.5%) 13 (6.3%) 0 (0.0%) 0.400
 One to three 81 (39.3%) 42 (20.4%) 3 (1.5%)
 Four to Six 16 (7.8%) 12 (5.8%) 2 (1.0%)
 Seven and more 1 (0.5%) 0 (0.0%) 0 (0.0%)
BMI
 Underweight 2 (1.0%) 1 (0.5%) 0 (0.0%) 0.150
 Normal 93 (45.1%) 43 (20.9%) 1 (0.5%)
 Overweight 32 (15.5%) 22 (10.7%) 3 (1.5%)
 Obese 7 (3.4%) 1 (0.5%) 1 (0.5%)
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nmol/L) is strongly associated with significant symptom 
improvement.

Table 5 presents the results of both crude and adjusted 
logistic regression analyses, examining the association 
between various independent variables (such as sex, 
age, marital status, levels of education, income, smok-
ing, exercise, BMI, and baseline vitamin D levels) and 
a specific outcome (likely related to vitamin D levels or 

symptom improvement after supplementation). Females 
had lower odds of the outcome than males before adjust-
ing for other variables (Crude OR 0.520, p = 0.032). After 
adjusting for other factors, the odds ratio for females 
was 0.623 (p = 0.212). This indicates that the associa-
tion was no longer statistically significant after adjust-
ment. The odds of the outcome were 1.641 times higher 
in individuals older than 45 years than in those aged 

Table 2 The distribution and correlation of the symptoms across several vitamin D levels
Vitamin D level P Value
< 30 30–50 > 50

Fatigue
 No 3 (1.5%) 3 (1.5%) 0 (0.0%) 0.623
 Yes 131 (63.6%) 64 (31.1%) 5 (2.4%)
Muscle Pain
 No 3 (1.5%) 1 (0.5%) 0 (0.0%) 0.890
 Yes 131 (63.6%) 66 (32.0%) 5 (2.4%)
Bone Pain
 No 7 (3.4%) 3 (1.5%) 0 (0.0%) 0.854
 Yes 127 (61.7%) 64 (31.1%) 5 (2.4%)
Joint Pain
 No 6 (2.9%) 3 (1.5%) 0 (0.0%) 0.890
 Yes 128 (62.1%) 64 (31.1%) 5 (2.4%)
Low Back Pain
 No 5 (2.4%) 4 (1.9%) 0 (0.0%) 0.680
 Yes 30.6 63 (0.0%) 5 (2.4%)
Fractures
 No 134 (65.0%) 66 (32.0%) 5 (2.4%) 0.353
 Yes 0 (0.0%) 1(0.5%) 0 (0.0%)
Depression
 No 129 (62.6%) 66 (32.0%) 5 (2.4%) 0.623
 Yes 5 (2.4%) 1 (0.5%) 0 (0.0%)
Stress
 No 127 (61.7%) 66 (32.0%) 5 (2.4%) 0.392
 Yes 7 (3.4%) 1 (0.5%) 0 (0.0%)
Sleep Disturbances
 No 65 (31.6%) 41(19.9%) 2 (0.1%) 0.202
 Yes 69 (33.5%) 26(12.6%) 3 (1.5%)

Table 3 The distribution of various comorbidities across different vitamin D levels
Vitamin D level P Value
< 30 30–50 > 50

Bronchial Asthma
 No 129 (62.6%) 65 (31.6%) 5 (2.4%) 0.880
 Yes 5 (2.4%) 2 (1.0%) 0 (0.0%)
Hypertension
 No 119 (57.8%) 59 (28.6%) 4 (1.9%) 0.831
 Yes 15 (7.3%) 8 (3.9%) 1(0.5%)
Diabetes
 No 126 (61.2%) 58 (28.2%) 5 (2.4%) 0.154
 Yes 8 (3.9%) 9 (4.4%) 0 (0.0%)
CVD
 No 132 (64.1%) 64 (31.1%) 5 (2.4%) 0.405
 Yes 2 (1.0%) 3 (1.5%) 0 (0.0%)
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Table 4 Cross-tabulation of the improvement in symptoms after 2 months of vitamin D supplementation against the post-
intervention vitamin D levels

Symptoms after management Total P Value
No improvement Slight improvement Improved

Vitamin D Less than 30 Count 4 0 0 4 0.000
% of Total 1.9% 0.0% 0.0% 1.9%

30–50 Count 8 49 5 62
% of Total 3.9% 23.8% 2.4% 30.1%

More than 50 Count 3 46 91 140
% of Total 1.5% 22.3% 44.2% 68.0%

Total Count 15 95 96 206
% of Total 7.3% 46.1% 46.6% 100.0%

Table 5 Logistic regression analyses of the association between various independent variables and related outcomes
Independent variables P-value Crude OR 95% C.I. for Crude OR P-value Adjusted OR 95% C.I. for Ad-

justed OR
Lower Lower Lower Upper

Gender
 Male (Reference)
 Female 0.032 0.520 0.286 0.945 0.212 0.626 0.300 1.307
Age
 18–44 (Reference)
 more than 45 0.138 1.641 0.853 3.155 0.967 0.982 0.418 2.306
Marital Status
 Single (Reference)
 Married 0.138 1.640 0.853 3.153 0.706 0.835 0.326 2.138
 Divorced 0.446 3.000 0.178 50.615 0.824 1.408 0.069 28.922
 Widow 0.747 1.500 0.128 17.600 0.852 0.745 0.034 16.379
Income 0.083
 Low (SAR 1–3 K) (Reference)
 Medium (SAR 4–8 K) 0.479 1.343 0.594 3.034 0.049 2.945 1.004 8.643
 More than SAR8K 0.005 3.221 1.413 7.342 0.003 6.864 1.900 24.793
Smoking
 Non-Smoker (Reference)
 Smoker 0.002 4.660 1.762 12.324 0.023 4.048 1.217 13.464
Exercise 0.477
 Less than one hour (Reference)
 One to three 0.193 0.632 0.316 1.262 0.420 0.698 0.292 1.670
 Four to Six 0.851 0.914 0.357 2.338 0.855 1.111 0.360 3.424
 Seven and more 1.000 0.000 0.000 . 1.000 0.000 0.000 .
BMI
 Underweight (Reference)
 Normal 0.899 0.854 0.075 9.684 0.520 2.637 0.137 50.664
 Overweight 0.902 1.167 0.100 13.656 0.550 2.475 0.127 48.334
 Obese 1.000 1.000 0.063 15.988 0.868 1.325 0.048 36.541
Education
 Illiterate (Reference)
 Primary 1.000 0.000 0.000 . 1.000 0.000 0.000 .
 Secondary 0.180 0.455 0.144 1.438 0.399 0.527 0.119 2.337
 University and above 0.079 0.430 0.168 1.103 0.005 0.148 0.039 0.569
Baseline vitamin D level
 Less than 30 (Reference) 0.008 2.710 1.295 5.671
 30–50 0.008 2.293 1.238 4.250 0.631 0.558 0.052 6.031
 More than 50 0.760 0.707 0.076 6.543 0.008 2.710 1.295 5.671
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18–44 (reference); however, this association was not 
statistically significant (p = 0.138). After adjustment, the 
odds ratio decreased to 0.982, with a p-value of 0.967, 
indicating that age was not a significant predictor of the 
outcome after controlling for other variables. Regard-
ing marital status, the crude OR for married individuals 
compared with single individuals (reference) was 1.640, 
with a p-value of 0.138, but it became non-significant 
after adjustment (Adjusted OR 0.835, p-value = 0.706). 
There was no strong association with the outcome for 
both divorced and widowed categories, as the Adjusted 
OR odds ratios were not statistically significant (adjusted 
OR = 1.408, and 0.745 respectively). Higher income 
(> SAR 8  K) was significantly associated with a higher 
odds of the outcome (Crude OR 3.221, p = 0.005). This 
association remained significant even after adjusting for 
other variables (Adjusted OR 6.864, p = 0.003), suggest-
ing that higher income is a significant predictor of the 
outcome. Smokers had significantly higher odds of the 
outcome than non-smokers (Crude OR 4.660, p = 0.002). 
This association remained significant after adjustment 
(Adjusted OR 4.048, p = 0.023), indicating that smoking 
is a strong predictor of the outcome. Even after adjusting 
for other factors, exercise level and BMI were not signifi-
cantly associated with the outcome, as indicated by the 
non-significant p-values (p > 0.5). Educational level had 
a significant impact on improvement (p = 0.005). Those 
with a university education or above were less likely to 
show improvement than the illiterate group (Adjusted 
OR 0.148). This suggests that other factors tied to educa-
tion influence how individuals respond to interventions. 
Baseline vitamin D levels less than 30 were significant 
for the outcome, with a p-value of 0.008 and adjusted 
OR of 2.710, indicating that patients with baseline vita-
min D levels of less than 30 nmol/L were 2.71 times more 
likely to improve compared to those with levels above 
50 nmol/L, confirming the importance of initial defi-
ciency in predicting response to supplementation. These 
nuanced changes in effect sizes underscore the complex 
interplay of independent variables in predicting the out-
come and provide valuable insights for further analysis 
and decision-making processes.

Discussion
Vitamin D insufficiency is common worldwide. Cur-
rently, there are no clear guidelines for the amount and 
duration of vitamin D administration [21]. This study 
aimed to evaluate the symptoms and clinical outcomes 
of two months intervention with 50,000 IU vitamin D 
supplementation in adults with documented deficient 
or insufficient baseline vitamin D levels. The majority of 
individuals in this study reported low levels of vitamin D 
(less than 30 nmol/L), with certain groups (e.g., females, 
younger individuals, married participants) appearing 

more affected, although most of these differences were 
not statistically significant. A higher prevalence of low 
levels of vitamin D among females and younger popu-
lations could be related to spending more time indoors 
(e.g., due to school, work, or technology use) or using 
sunscreen extensively. Considering our findings, half of 
the world’s population was reported to have vitamin D 
insufficiency, and approximately one billion individuals 
were vitamin D deficient [24]. In contrast, other stud-
ies report higher vitamin D insufficiency in the elderly 
because of reduced outdoor activity, mobility limita-
tions, or time spent indoors in care facilities [15, 25]. In 
our study, variances in vitamin D levels were not signifi-
cantly correlated with participants’ BMI categories, indi-
cating that BMI categories may not be strongly linked 
to variations in vitamin D levels. In contrast, a previous 
meta-analysis reported a significant association between 
obesity and vitamin D deficiency or insufficiency [26]. 
The variation in reported vitamin D deficiency or insuf-
ficiency among sex, age groups, and BMI categories can 
be explained by lifestyle factors, biological differences, 
and geographic location. Education level was significantly 
associated with vitamin D levels (p = 0.018), suggesting 
that higher education may be linked to better vitamin D 
status. This could be due to better awareness and better 
health practices among those with higher education.

It is well documented that individuals with vitamin D 
deficiency are more likely to experience multiple non-
specific symptoms such as fatigue, joint pain, muscle 
pain, depression, and sleep disturbances [24]. In the 
current study, the majority of participants reporting 
symptoms such as fatigue, muscle pain, bone pain, joint 
pain, and lower back pain had vitamin D levels below 30 
nmol/L, indicating a trend toward more symptoms in 
those with vitamin D deficiency. However, these trends 
did not reach statistical significance in this sample, as 
indicated by p-values being greater than 0.05. Support-
ing our findings, a large cohort of adults in the UK found 
that musculoskeletal pain was not significantly correlated 
with vitamin D levels, although individuals with severe 
deficiency often reported multiple symptoms [27]. While 
a clear, significant relationship between vitamin D lev-
els and specific symptoms is not always observed, those 
with a deficiency tend to have a greater overall burden of 
non-specific, overlapping symptoms, which supports the 
broader role of vitamin D in general health.

Accumulating epidemiological and laboratory evidence 
are now showing an association between vitamin D defi-
ciency and the onset and progression of many chronic 
diseases such as CVD, bronchial asthma, hypertension, 
diabetes, depression and cancer [24, 28]. In the current 
study, a trend was observed where the majority of par-
ticipants with different comorbidities, such as bronchial 
asthma, hypertension, diabetes, and CVD, had low levels 
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of vitamin D (< 30 nmol/L). However, these trends did 
not reach statistical significance, as indicated by p-values 
all being greater than 0.05. The lack of statistically signifi-
cant associations suggests that although lower vitamin 
D levels are prevalent among individuals with various 
comorbidities, this study does not provide strong evi-
dence that vitamin D deficiency is directly associated 
with the presence of these comorbidities.

Existing evidence demonstrates a lack of consensus 
regarding the ideal and adequate duration of vitamin D 
administration [29–32]. The current study targeted only 
those with deficient or insufficient vitamin D levels and 
administered them 50,000 IU vitamin D3 supplement for 
two-months, in order to assess the effects of correcting 
vitamin D insufficiency, which is the primary population 
of interest for vitamin D supplementation. This approach 
avoids unnecessary supplementation in individuals who 
already have sufficient vitamin D levels, minimizes the 
risk of potential toxicity, and focuses resources on those 
who might benefit the most. The majority of participants 
who achieved vitamin D levels > 50 nmol/L experienced 
complete improvement in their symptoms; when lev-
els were below 30 nmol/L, there was no improvement 
at all, and most participants in the intermediate range 
(30–50 nmol/L) experienced only slight improvement. 
Many studies have reported similar results. For instance, 
a systematic review showed that weekly administra-
tion of 50,000 IU vitamin D supplement is effective in 
raising serum vitamin D levels and improving related 
symptoms, especially in individuals with severe defi-
ciency [33]. Saeidlou et al. discovered that when subjects 
with low and deficient levels of vitamin D were given a 
monthly supplement of 50,000 IU vitamin D for a year, 
their serum vitamin D level increased to a suitable level 
(> 30 nmol/L); however, the level did not increase above 
50 ng/mL in the adequate group [21]. Another random-
ized clinical trial reported that a monthly supplement 
of 80,000 IU of vitamin D for 6 months was effective in 
correcting insufficient vitamin D levels [34]. Reactions to 
vitamin D administration can vary according to absorp-
tion rates, baseline vitamin D levels, and individual met-
abolic factors. Further studies are needed to optimize 
dosing based on specific patient characteristics and long-
term outcomes.

In the current study, after adjusting for confounders, 
the significant determinants of symptom improvement 
and clinical outcomes post-supplementation included 
education level, income, smoking status, and baseline 
vitamin D level. Sex, age, marital status, exercise, and 
BMI did not show significant associations with the out-
come after adjustment, indicating that these factors may 
not be strong predictors when considered alongside 
other variables. The associations between higher income 
and education and better clinical outcomes have been 

well documented in health research [35]. Higher-income 
groups often have better access to health care, nutrition, 
and preventive care, potentially leading to more consis-
tent vitamin D supplementation or healthier diets that 
include vitamin D-rich foods. Interestingly, while higher 
education is typically associated with better health out-
comes, our study’s findings negatively impact vitamin 
D-related improvements. Higher education often cor-
relates with better health outcomes due to increased 
awareness of health practices, but it can also result in 
more sedentary lifestyles, having more sedentary office 
jobs, or spending more time engaged in technology-
based activities, hence reducing outdoor activities, or 
higher use of sunscreens that block UV exposure. This 
paradox could explain why those with higher education 
may not experience the same level of improvement as 
vitamin D supplementation. Highlighting this contrast 
more explicitly can clarify why a typical protective fac-
tor such as education shows a negative association in 
this context. In line with our findings, many studies have 
indicated that individuals with lower baseline levels of 
vitamin D respond more robustly to supplementation, 
showing significant improvements in symptoms such as 
depression, fatigue, muscle pain, and bone pain [36, 37]. 
The finding that smokers have higher odds of improve-
ment could be related to the fact that smokers tend to 
report lower baseline vitamin D levels due to the nega-
tive impact of smoking on vitamin D metabolism [38, 39]. 
Consequently, these individuals might exhibit a greater 
response when supplemented.

Strengths and limitations of the study
The study targeted individuals with documented defi-
cient or insufficient vitamin D levels, which enabled a 
precise evaluation of the impact of vitamin D supple-
mentation. Excluding those with sufficient levels maxi-
mizes the focus on those who can benefit the most. The 
use of a 50,000 IU vitamin D3 dosage over two months 
aligns with established therapeutic strategies for correct-
ing deficiency, providing a strong framework for assess-
ing improvement in symptoms and clinical outcomes. 
The study was adjusted for multiple confounders (e.g., 
education level, income, smoking, and baseline vitamin 
D levels), which strengthens the validity of the conclu-
sions by addressing potential biases. Furthermore, the 
study population and intervention aligned well with 
real-world clinical practices, making the findings poten-
tially more generalizable to clinical settings dealing with 
vitamin D deficiency. However, while two months of 
supplementation is sufficient for some improvements, 
longer-term follow-up could better assess the sustain-
ability of benefits and explore long-term outcomes, such 
as the risk of recurrence of deficiency. Despite adjusting 
for several variables, other unmeasured factors, such as 
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dietary habits, genetic differences in vitamin D metabo-
lism, and adherence to supplementation protocols, could 
still affect the outcomes. Symptoms were assessed using 
a structured, physician-assessed questionnaire derived 
from standardized instruments. However, fully vali-
dated symptom assessment tools were not employed. 
This may introduce some degree of subjectivity in symp-
tom reporting and limit the comparability of findings 
with studies using fully standardized instruments. The 
study employed a rule-of-thumb approach for determin-
ing sample size, ensuring at least 10–15 participants per 
predictor variable in multivariate analysis. While this 
method provided a sufficiently powered study, a formal 
power calculation was not conducted. Future studies 
should incorporate precise power calculations to opti-
mize sample size and strengthen the robustness of sta-
tistical findings. The study primarily showed associations 
between vitamin D levels and symptoms or outcomes but 
did not explore the causal mechanisms or pathways by 
which vitamin D supplementation exerts its effects. The 
study noted that the response to supplementation may 
vary based on factors such as baseline vitamin D levels, 
smoking status, and education level, but did not explore 
why certain groups (e.g., smokers) responded better than 
others.

Conclusion
Baseline Vitamin D deficiency is a strong predictor 
of better outcomes after supplementation. Education 
showed a significant relationship, potentially highlighting 
the role of awareness and lifestyle choices in maintain-
ing adequate vitamin D levels. These findings can inform 
targeted interventions to maintain adequate vitamin D 
levels in high-risk patients. Although vitamin D insuf-
ficiency is more commonly observed among those with 
various symptoms (e.g., fatigue and muscle pain), the lack 
of statistically significant associations suggests that other 
factors may also contribute to these symptoms. Further 
research with larger sample sizes or controlled trials is 
needed to explore these relationships more conclusively. 
In the current study, a trend was observed where most 
participants with various comorbidities were deficient 
or insufficient in vitamin D. However, due to the lack of 
statistically significant associations, it cannot be conclu-
sively stated that vitamin D deficiency is directly related 
to these conditions. Larger studies or more controlled 
research might be necessary to further explore these 
relationships and understand the potential underlying 
mechanisms. These results strongly support the effective-
ness of vitamin D supplementation in improving symp-
toms, especially when post-intervention levels exceed 50 
nmol/L. This finding highlights the importance of achiev-
ing and maintaining sufficient vitamin D levels in the 
management of related symptoms. Future interventions 

should aim to elevate vitamin D levels above 50 nmol/L 
to achieve optimal symptom relief.
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