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Abstract

Background/Objectives: Vitamin D deficiency is highly prevalent worldwide and is as-
sociated with multiple comorbidities and pharmacological treatments that may interfere
with its metabolism. Evidence on the effect of supplementation across different drug user
groups remains limited. Methods: A prospective study was conducted across community
pharmacies over twelve months. Baseline socio-demographic, serum 25(OH)D concentra-
tion, quality of life (QoL), lifestyle habits, and medication use were collected. Participants
received vitamin D supplementation for 12 months. Changes in vitamin D status and
QoL were analyzed according to medication use. Logistic regression identified predic-
tors of achieving adequate serum vitamin D levels (>30 ng/mL). Statistical significance
was set at p < 0.05. Results: At baseline, 87.2% of 210 participants had insufficient or
deficient vitamin D levels. After supplementation, mean serum vitamin D increased signifi-
cantly from 21.3 ± 8.2 to 32.1 ± 12.6 ng/mL (p < 0.001), and QoL scores improved from
68.6 ± 18.7 to 77.8 ± 18.5 (p < 0.001). Dietary intake of vitamin D–rich foods and outdoor
activity also increased. Supplementation improved vitamin D status among users of benzo-
diazepines, proton pump inhibitors, beta-blockers, statins, levothyroxine, metformin, and
angiotensin-converting enzyme inhibitors, but not among corticosteroid, nonsteroidal anti-
inflammatory drugs, or vitamin K antagonist. Multivariate analysis confirmed adherence
as a strongest predictor of vitamin D adequacy (OR = 15.31, 95% CI = 2.90–80.75), while
corticosteroid therapy, diabetes, and hypercholesterolemia were negatively associated.
Conclusions: Vitamin D supplementation effectively corrected deficiency and improved
QoL, but its efficacy varied according to comorbidities and medication use. Personalized
supplementation strategies, emphasizing adherence and considering pharmacological pro-
files, may optimize outcomes. Further studies should explore mechanistic drug–nutrient
interactions and long-term clinical implications.
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1. Introduction
Vitamin D is a fat-soluble prohormone known primarily for its fundamental role in

calcium and phosphate homeostasis, essential for proper bone metabolism and muscu-
loskeletal health [1]. Beyond this classical function, its active metabolite (calcitriol) acts as a
powerful pleiotropic regulator, implicated in immune modulation, cardiovascular function,
and cellular differentiation [2–4]. Deficiency in vitamin D has been associated with an
increased risk of chronic diseases, including cardiovascular disease, type 2 diabetes, certain
cancers, and autoimmune disorders [5–14].

Despite this broad clinical relevance, vitamin D deficiency (VDD) remains highly
prevalent worldwide, generally defined by serum 25(OH)D level below 20 ng/mL. In Spain,
recent reports suggest that up to 80% of individuals over the age of 65 have suboptimal
levels, highlighting a major public health gap [15–17].

From an integrative health perspective, it is vital to recognize that Vitamin D tran-
scends mineral homeostasis; its role as an immune modulator is crucial [18], and its involve-
ment has been suggested in mood regulation and the perception of chronic pain [19,20], all
of which directly impact Quality of Life (QoL).

Pharmacological supplementation is widely recommended to correct VDD. However,
therapeutic adherence remains suboptimal (estimated at approximately 20%) due to com-
plex dosing and poor patient education regarding sun exposure and dietary sources [21,22].
Community pharmacists are uniquely positioned to address these barriers. As accessible
healthcare professionals, they can provide patient-centered education, monitor adherence,
and collaborate with primary care providers to optimize supplementation strategies in
chronic disease management [23–29].

Given the high prevalence of VDD and the documented challenges in adherence and
patient awareness [30–32], this study aims to evaluate whether a structured pharmacist-
led intervention—focused on education, supplementation guidance, and regular follow-
up—can improve serum 25(OH)D levels and enhance self-perceived QoL in a southern
Spanish population.

Scientific literature has shown that there are a number of interactions between vita-
min D supplements and drugs which have shown variations in plasma vitamin D (VD)
concentration (Table 1) [33,34]:

Table 1. Vitamin D Supplement and drugs interaction.

Medication Consequence of Interaction in Plasma Concentration

Antidiabetics Decrease in VD concentration with Metformin and Thiazolidinedione

Cardiovascular
diseases

- Calcium Channel Blockers, such as verapamil and diltiazem decrease in VD
concentration but nifedipine increase in VD.
- Angiotensin-converting enzyme inhibitors. There are doubts as to what the
effect is, but studies generally show a decrease in VD concentration.
- Statin group, there are those that increase the concentration of VD
(rosuvastatin, fluvastatine) and those that decrease the concentration
(simvastatin, lovastatin, and atorvastatin)

Gastrointestinal

- Proton Pump Inhibitors (PPI). VD and calcium where high-dose PPI therapy
is being employed, is recommended thus alleviates the effects of VD
malabsorption caused by PPIs
- Histamine H2-Receptor Antagonists. Cimetidine and ranitidine treated gastric
ulcers identified no significant decrease in 25(OH)D serum concentrations

Central Nervous
System

There is a significant inverse association between benzodiacepine
concentration and VD. Also, an inverse relationship between the use of
selective serotonin reuptake inhibitors and VD has been reported.

VD: Vitamin D.



Pharmaceuticals 2025, 18, 1727 3 of 17

Despite the known prevalence of VDD among multimorbid patients and the reported
in vitro and in vivo interactions with common prescription drugs, few clinical studies
have simultaneously assessed these variables within a primary care setting, where patient
follow-up and adherence are key. Therefore, the primary objective of this study was to
evaluate the impact of vitamin D supplementation on serum 25(OH)D levels and QoL in
adults with comorbidities, with a specific focus on characterizing the differential effect
of concomitant chronic pharmacological treatments and assessing adherence through
supervised pharmaceutical care.

2. Results
A total of 210 participants completed the study, of whom 77.8% were women and

22.2% men, with a mean age of 58.52 ± 14.15 years. Regarding socioeconomic status, 39.2%
were retired, and 49.5% had attained a university-level education. The most prevalent
comorbidities were hypertension (46.6%) and hypercholesterolemia (29.2%). Fifteen point
two percent (15.2%) of the participants presented no underlying pathology. At baseline,
VDD was highly prevalent: 50.6% of participants were classified as deficient (<20 ng/mL),
36.6% as insufficient (20–29.99 ng/mL), and only 12.8% had adequate levels (≥30 ng/mL)
(Table 2).

Table 2. Socio-demographic data.

Variable Basal Mean
(SD)/N (%)

Adequate Mean
(SD)/N (%)

Insufficient Mean
(SD)/N (%)

Deficient Mean
(SD)/N (%)

N 210 27 (12.8) 77 (36.6) 106 (50.6)
Age (years) 58.52 ± 14.15 61.54 ± 12.51 56.40 ± 14.83 59.32 ± 13.88
Female 165 (77.8) 21 (12.8) 55 (33.3) 89 (53.9)
Male 45 (22.2) 6 (13.3) 22 (48.9) 17 (37.8)
Employment Situation 82 (39.2) 12 (14.6) 29 (35.4) 41 (50.0)
(retired) 105 (49.5) 16 (15.2) 40 (38.1) 49 (46.7)
Education level 22 (10.9) 4 (18.2) 5 (22.7) 13 (59.1)
(University) 16 (7.9) 3 (17.8) 6 (37.5) 7 (44.7)
Diabetes (Yes) 15 (7.4) 2 (13.3) 8 (53.3) 5 (33.4)
Asthma/COPD (Yes) 59 (29.2) 8 (13.6) 17 (28.8) 34 (57.6)
Autoimmune (Yes) 96 (46.6) 14 (14.6) 31 (32.3) 51 (53.1)
Hypercholesterolemia (Yes) 19 (9.5) 1 (5.3) 6 (31.6) 12 (63.1)
Hypertension (Yes) 24 (11.9) 6 (25.0) 3 (12.5) 17 (62.5)
Thyroid (Yes) 26 (12.9) 3 (11.5) 8 (30.8) 15 (57.7)
Osteoporosis (Yes) 55 (26.1) 9 (16.4) 13 (23.6) 33 (60.0)
Depression (Yes) 32 (15.2) 2 (6.3) 17 (53.1) 13 (40.6)
Insomnia (Yes) 210 27 (12.8) 77 (36.6) 106 (50.6)
No pathologies (Yes) 58.52 ± 14.15 61.54 ± 12.51 56.40 ± 14.83 59.32 ± 13.88

SD: Standard Deviation; COPD: Chronic obstructive pulmonary disease.

Monthly VD supplementation was the most common regimen (71.9% of cases), and
overall adherence was high, with 78.2% of the participants adhering to correct protocol
at the 12-month follow-up. After 12 months of supplementation, serum 25(OH)D concen-
trations significantly increased from 21.3 ± 8.2 ng/mL to 32.1 ± 12.6 ng/mL (p < 0.001).
This biochemical improvement was paralleled by a significant increase in QoL scores (from
68.6 ± 18.7 to 77.8 ± 18.5 points out of 100, p < 0.001). Body mass index (BMI) remained
stable throughout the study period (25.3 ± 4.2 vs. 25.2 ± 4.2 kg/m2, p = 0.848).

Changes in lifestyle habits were also noted. Participants reported an increased fre-
quency of outdoor sports activity (from 2.3 ± 2.9 to 3.3 ± 3.9 h per week, p = 0.003),
while daily walking time showed a non-significant increasing trend (p = 0.093). Dietary
analysis revealed increased consumption of several vitamin D–rich foods, including av-
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ocado (p < 0.001), tuna (p = 0.003), salmon (p = 0.010), eggs (p < 0.001), and mushrooms
(p = 0.003). Sardine/anchovy intake did not change significantly (p = 0.308). Paradoxically,
the consumption of vitamin D–fortified dairy products decreased significantly (p = 0.001)
(Table 3).

Table 3. Changes in habits that influence vitamin D levels before and after 12 months of vitamin D
supplementation.

Variable Basal
Mean (SD)/N (%)

Post Supplementation
Mean (SD)/N (%) p-Value

Serum vitamin D (25(OH)D) 21.28 ± 8.23 32.08 ± 12.55 <0.001 **
Quality of life (VAS 0–100) 68.63 ± 18.71 77.83 ± 18.45 <0.001 **
BMI 25.33 ± 4.21 25.21 ± 4.19 0.848
Walking at least 30 min/day 4.29 ± 2.48 4.71 ± 2.46 0.093
Outdoor sport hours 2.31 ± 2.85 3.33 ± 3.92 0.003 *
Avocado weekly 1.68 ± 2.05 2.22 ± 2.12 <0.001 **
Tuna weekly 1.88 ± 1.40 2.30 ± 1.41 0.003 *
Salmon weekly 0.82 ± 1.04 1.09 ± 1.07 0.010 *
Egg weekly 2.81 ± 1.56 3.35 ± 1.56 <0.001 **
Sardine or anchovy weekly 0.46 ± 0.93 0.56 ± 1.00 0.308
Supplemented dairy weekly 2.46 ± 3.20 1.48 ± 2.86 0.001 *
Mushroom weekly 0.81 ± 1.09 1.15 ± 1.16 0.003 *

BMI: Body Mass Index; SD: Standard Deviation. Chi-square p < 0.050 and t-Student p < 0.050. * p < 0.050 and
** p < 0.001.

The response to supplementation varied significantly based on concomitant pharma-
cological treatment. Specifically, participants who were not taking any medication reduced
their deficiency from 40.6% to 21.8% and increased their adequate level category from only
6.3% to 46.9% after 12 months of VD supplementation (p < 0.001). Significant improvements
in VDD categories were observed among users of benzodiazepines (p = 0.006), Proton
Pump Inhibitors (PPIs) (p = 0.042), beta-blockers (p = 0.009), levothyroxine (p = 0.003),
biguanides (p = 0.039), xanthine oxidase inhibitors (p = 0.020), statins (p = 0.003), and
angiotensin-converting enzyme (ACE) inhibitors (p = 0.032). For these groups, supplemen-
tation successfully shifted patients from deficient or insufficient status towards adequacy.
In contrast, patients treated with corticosteroids, nonsteroidal anti-inflammatory drugs
(NSAIDs), vitamin K antagonists, or inhaled therapies for asthma/COPD showed no sig-
nificant changes in VDD categories after supplementation. For instance, corticosteroid
users remained predominantly in the deficient range, despite supplementation (p = 0.661)
(Table 4).

Table 4. Changes in vitamin D level categories before and after 12 months of vitamin D supplementa-
tion according to the consumption of different medications.

Variable N (%) Adequate N (%) Insufficient N (%) Deficient N (%) p-Value

No drugs
32 (15.2) 0.001 **Basal 2 (6.3) 17 (53.1) 13 (40.6)

Postsupplement 15 (46.9) 10 (31.3) 7 (21.8)

Corticosteroid
9 (4.3) 0.661Basal 1 (11.2) 4 (44.4) 4 (44.4)

Postsupplement 2 (22.4) 6 (66.8) 1 (11.2)

Benzodiazepine
43 (20.5) 0.006 *Basal 5 (11.6) 11 (25.6) 27 (62.8)

Postsupplement 8 (18.6) 13 (30.2) 22 (51.2)

Proton pump inhibitor
36 (17.1) 0.042 *Basal 3 (8.3) 12 (33.3) 21 (58.4)

Postsupplement 11 (30.6) 20 (55.6) 5 (13.8)
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Table 4. Cont.

Variable N (%) Adequate N (%) Insufficient N (%) Deficient N (%) p-Value

Beta blocker
17 (8.1) 0.009 *Basal 0 (0.0) 6 (35.3) 11 (64.7)

Postsupplement 8 (47.1) 8 (47.1) 1 (5.8)

NSAID
8 (3.8) 0.439Basal 1 (12.5) 1 (12.5) 6 (75.0)

Postsupplement 1 (12.5) 4 (50.0) 3 (37.5)

Levothyroxine
12 (5.7) 0.003 *Basal 1 (8.3) 3 (25.0) 8 (66.7)

Postsupplement 8 (66.7) 3 (25.0) 1 (8.3)

Vitamin K antagonists
8 (3.8) 0.854Basal 1 (12.5) 3 (37.5) 4 (50.0)

Postsupplement 4 (50.0) 3 (37.5) 1 (12.5)

Biguanide
9 (4.3) 0.039 *Basal 1 (11.2) 4 (44.4) 4 (44.4)

Postsupplement 5 (55.5) 3 (33.3) 1 (11.2)

Inhaler asthma/COPD
8 (3.8) 0.986Basal 1 (12.5) 3 (37.5) 4 (50.0)

Postsupplement 1 (12.5) 4 (50.0) 3 (37.5)

Xanthine oxidase inhibitor
10 (4.8) 0.020 *Basal 0 (0.0) 4 (40.0) 6 (60.0)

Postsupplement 7 (70.0) 3 (30.0) 0 (0.0)

Ezetimibe
10 (4.8) 0.979Basal 0 (0.0) 4 (40.0) 6 (60.0)

Postsupplement 6 (60.0) 3 (30.0) 1 (10.0)

Statin
39 (18.6) 0.003 *Basal 4 (10.2) 11 (28.2) 24 (61.6)

Postsupplement 24 (61.6) 10 (25.6) 5 (12.8)

Diuretic
20 (9.5) 0.114Basal 5 (25.0) 6 (30.0) 9 (45.0)

Postsupplement 9 (45.0) 10 (50.0) 1 (5.0)

Serotonin reuptake inhibitor
9 (4.3) 0.800Basal 1 (11.2) 4 (44.4) 4 (44.4)

Postsupplement 4 (44.4) 2 (22.2) 3 (33.3)

Antagonists of the angiotensin II
14 (6.7) 0.972Basal 4 (28.6) 5 (35.7) 5 (35.7)

Postsupplement 5 (35.7) 6 (42.9) 3 (21.4)

ACE inhibitor
27 (12.9) 0.032 *Basal 2 (7.4) 8 (29.6) 16 (59.3)

Postsupplement 13 (48.2) 10 (37.0) 4 (14.8)

Acetaminophen
25 (11.9) 0.540Basal 4 (16.0) 5 (20.0) 16 (64.0)

Postsupplement 9 (36.0) 9 (36.0) 7 (28.0)

Insulin
5 (2.4) 0.800Basal 2 (40.0) 0 (0.0) 3 (60.0)

Postsupplement 3 (60.0) 1 (20.0) 1 (20.0)

Calcium channel blocker
19 (9.0) 0.586Basal 0 (0.0) 9 (47.4) 10 (52.6)

Postsupplement 6 (31.5) 9 (47.4) 4 (21.1)

Antihistamine
14 (6.7) 0.092Basal 0 (0.0) 7 (50.0) 7 (50.0)

Postsupplement 4 (28.6) 7 (50.0) 3 (21.4)

COPD: Chronic obstructive pulmonary disease; NSAID: Non-Steroidal Anti-Inflammatory Drugs; ACE:
Angiotensin-Converting Enzyme. Chi-square p < 0.050. * p < 0.050 and ** p < 0.001.
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Analysis of mean serum 25(OH)D levels confirmed the previous finding. The non-
medicated group showed a significant increase mean VD levels (baseline: 21.35 ± 7.17 ng/mL:
12 months: 30.11 ± 11.97 ng/mL (p < 0.050). Significant increases in mean serum 25(OH)D
levels were also documented in patients using: benzodiazepines (p < 0.001), PPIs (p < 0.050),
beta-blockers (p < 0.001), levothyroxine (p < 0.050), biguanides (p < 0.050), xanthine oxi-
dase inhibitors (p < 0.050), statins (p < 0.001), ACE Inhibitors (p < 0.050), acetaminophen
(p < 0.050), calcium channel blockers (p < 0.050), and antihistamines (p < 0.050). No signifi-
cant changes in mean 25(OH)D levels were observed in patients taking NSAIDs, vitamin K
antagonists, inhalers for asthma/COPD, ezetimibe, thiazide and loop diuretics, corticos-
teroids, serotonin reuptake inhibitors, angiotensin II antagonists, or insulin. QoL scores
significantly improved after supplementation only in the non-medicated group and those
receiving benzodiazepines, beta-blockers, and statins (all p < 0.050) (Table 5).

Table 5. Differences in vitamin D levels and quality of life among consumers of different medications
before and after 12 months of vitamin D supplementation.

Vit D Pre Vit D Post QoL-VAS Pre QoL-VAS Post

No drugs 21.35 ± 7.17 30.11 ± 11.97 * 79.24 ± 15.06 89.06 ± 11.53 *

Benzodiazepine 19.82 ± 7.48 32.41 ± 16.10 ** 61.10 ± 17.05 70.96 ± 19.19 *
Other drugs 21.61 ± 8.63 32.54 ± 12.80 ** 68.93 ± 18.89 75.18 ± 19.91 *
BZ vs. Other drugs 0.240 0.965 0.013 0.213
Other drugs vs. No drugs 0.884 0.406 0.004 0.000
BZ vs. No drugs 0.395 0.560 0.000 0.000

Proton pump inhibitor 21.16 ± 6.68 32.13 ± 17.28 * 62.61 ± 21.95 69.67 ± 18.57
Other drugs 21.04 ± 8.82 32.62 ± 12.44 ** 68.28 ± 12.34 75.62 ± 20.00 *
PPI vs. Other drugs 0.940 0.867 0.077 0.081
Other drugs vs. No drugs 0.863 0.378 0.001 0.000
PPI vs. No drugs 0.913 0.631 0.000 0.000

Beta-blocker 19.35 ± 5.48 30.30 ± 8.02 ** 57.17 ± 20.16 69.78 ± 21.66 *
Other drugs 21.31 ± 8.61 32.86 ± 14.39 ** 68.24 ± 18.08 74.68 ± 19.43 *
BB vs. Other drugs 0.365 0.477 0.008 0.270
Other drugs vs. No drugs 0.979 0.387 0.001 0.000
BB vs. No drugs 0.329 0.955 0.000 0.000

NSAID 20.08 ± 7.40 21.80 ± 3.20 61.00 ± 19.41 67.00 ± 23.00
Other drugs 21.13 ± 8.38 32.77 ± 13.74 ** 67.15 ± 18.64 74.45 ± 19.53 **
NSAID vs. Other drugs 0.728 0.171 0.314 0.248
Other drugs vs. No drugs 0.897 0.379 0.001 0.000
NSAID vs. No drugs 0.661 0.250 0.003 0.000

Levothyroxine 20.18 ± 6.53 32.59 ± 9.10 * 70.59 ± 15.09 73.53 ± 19.83
Other drugs 21.15 ± 8.47 32.49 ± 14.16 ** 66.39 ± 19.03 74.07 ± 19.80 *
LT vs. Other drugs 0.700 0.980 0.380 0.915
Other drugs vs. No drugs 0.908 0.446 0.000 0.000
LT vs. No drugs 0.630 0.520 0.060 0.001

Vitamin K antagonists 22.40 ± 6.95 31.91 ± 11.88 72.73 ± 11.55 70.00 ± 21.91
Other drugs 20.99 ± 8.40 32.54 ± 13.84 ** 66.40 ± 18.85 74.29 ± 19.64 *
VKA vs. Other drugs 0.564 0.899 0.366 0.872
Other drugs vs. No drugs 0.827 0.426 0.000 0.000
VKA vs. No drugs 0.627 0.716 0.197 0.003

Biguanide 22.59 ± 4.81 37.70 ± 14.83 * 58.50 ± 25.17 68.00 ± 21.50
Other drugs 20.97 ± 8.50 32.28 ± 13.65 ** 67.30 ± 18.20 74.39 ± 19.65 *
Biguanide vs. Other drugs 0.573 0.388 0.149 0.322
Other drugs vs. No drugs 0.824 0.472 0.001 0.000
Biguanide vs. No drugs 0.632 0.225 0.002 0.000
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Table 5. Cont.

Vit D Pre Vit D Post QoL-VAS Pre QoL-VAS Post

Inhalers for asthma/COPD 21.56 ± 7.64 23.97 ± 6.14 65.00 ± 13.54 72.00 ± 23.94
Other drugs 21.04 ± 8.37 32.72 ± 13.76 ** 66.90 ± 18.98 74.14 ± 19.54 *
Inhaler vs. Other drugs 0.864 0.276 0.755 0.74
Other drugs vs. No drugs 0.856 0.390 0.001 0.000
Inhaler vs. No drugs 0.943 0.396 0.011 0.003

Xanthine oxidase inhibitor 19.49 ± 5.35 30.80 ± 7.56 * 66.79 ± 16.24 70.00 ± 22.36
Other drugs 21.19 ± 8.49 32.67 ± 14.16 ** 66.80 ± 18.93 74.35 ± 19.56*
XOI vs. Other drugs 0.535 0.666 0.998 0.447
Other drugs vs. No drugs 0.926 0.412 0.000 0.000
XOI vs. No drugs 0.460 0.864 0.015 0.000

Ezetimibe 22.30 ± 7.95 33.05 ± 12.57 69.00 ± 21.45 77.50 ± 25.30
Other drugs 21.00 ± 8.35 32.47 ± 13.79 ** 66.66 ± 18.57 73.80 ± 19.43 *
Ezetimibe vs. Other drugs 0.669 0.914 0.702 0.567
Other drugs vs. No drugs 0.835 0.439 0.000 0.000
Ezetimibe vs. No drugs 0.749 0.576 0.096 0.047

Statin 20.43 ± 8.45 33.07 ± 15.42 ** 68.46 ± 18.71 77.87 ± 18.19 *
Other drugs 21.33 ± 8.28 32.22 ± 12.83 ** 66.04 ± 18.71 72.24 ± 20.26 *
Statin vs. Other drugs 0.565 0.749 0.429 0.083
Other drugs vs. No drugs 0.987 0.475 0.000 0.000
Statin vs. No drugs 0.638 0.424 0.006 0.002

Diuretic 26.03 ± 11.34 29.67 ± 6.04 56.96 ± 20.82 61.27 ± 27.32
Other drugs 20.26 ± 7.45 32.97 ± 14.52 ** 68.28 ± 17.96 75.90 ± 17.73 **
Diuretic vs. Other drugs 0.004 0.358 0.006 0.001
Other drugs vs. No drugs 0.482 0.373 0.001 0.000
Diuretic vs. No drugs 0.087 0.888 0.000 0.000

Corticosteroid 27.90 ± 7.90 28.36 ± 10.16 72.00 ± 15.31 74.50 ± 26.29
Other drugs 20.82 ± 8.24 32.76 ± 18.86 ** 66.48 ± 18.86 73.99 ± 19.38 **
CC vs. Other drugs 0.061 0.411 0.366 0.937
Other drugs vs. No drugs 0.752 0.387 0.000 0.000
CC vs. No drugs 0.073 0.728 0.192 0.016

Serotonin reuptake inhibitor 20.31 ± 7.45 27.70 ± 14.04 65.00 ± 17.16 76.50 ± 13.34
Other drugs 21.12 ± 8.38 32.75 ± 13.68 ** 66.90 ± 18.82 73.86 ± 20.10 *
SRI vs. Other drugs 0.790 0.38 0.755 0.683
Other drugs vs. No drugs 0.890 0.382 0.000 0.000
SRI vs. No drugs 0.721 0.672 0.015 0.006

Angiotensin II antagonist 25.73 ± 13.21 28.28 ± 11.87 62.00 ± 21.73 70.40 ± 26.30
Other drugs 20.56 ± 7.49 33.15 ± 13.87 ** 67.41 ± 18.25 74.50 ± 18.77 *
AIIA vs. Other drugs 0.027 0.186 0.224 0.385
Other drugs vs. No drugs 0.611 0.324 0.001 0.000
AIIA vs. No drugs 0.170 0.636 0.001 0.001

ACEI 21.20 ± 7.87 31.85 ± 12.46 * 64.94 ± 17.64 68.94 ± 21.71
Other drugs 21.04 ± 8.44 32.67 ± 14.04 ** 67.24 ± 18.96 75.23 ± 19.13 *
ACEI vs. Other drugs 0.931 0.790 0.521 0.100
Other drugs vs. No drugs 0.858 0.413 0.001 0.000
ACEI vs. No drugs 0.939 0.621 0.001 0.000

Acetaminophen 20.16 ± 10.94 28.09 ± 14.12 * 60.89 ± 21.48 62.15 ± 27.05
Other drugs 21.27 ± 7.68 33.22 ± 13.54 ** 67.91 ± 17.97 76.24 ± 17.29 **
Acetaminophen vs. Other drugs 0.545 0.152 0.068 0.001
Other drugs vs. No drugs 0.958 0.302 0.001 0.000
Acetaminophen vs. No drugs 0.636 0.623 0.000 0.000

Insulin 23.78 ± 9.52 30.04 ± 10.20 71.43 ± 26.88 83.57 ± 19.30
Other drugs 20.97 ± 8.29 32.63 ± 13.86 ** 66.60 ± 18.36 73.61 ± 19.72 *
Insulin vs. Other drugs 0.459 0.652 0.505 0.192
Other drugs vs. No drugs 0.822 0.409 0.000 0.000
Insulin vs. No drugs 0.510 0.729 0.289 0.000
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Table 5. Cont.

Vit D Pre Vit D Post QoL-VAS Pre QoL-VAS Post

Calcium channel blockers 20.79 ± 5.56 28.92 ± 11.39 * 55.96 ± 24.07 65.33 ± 20.29
Other drugs 21.12 ± 8.67 33.13 ± 13.99 ** 68.51 ± 17.17 75.44 ± 19.36 *
CCB vs. Other drugs 0.875 0.230 0.002 0.020
Other drugs vs. No drugs 0.893 0.332 0.001 0.000
CCB vs. No drugs 0.776 0.928 0.000 0.000

Antihistamine 19.21 ± 5.42 29.73 ± 8.36 * 80.00 ± 13.16 82.31 ± 13.17
Other drugs 21.28 ± 8.56 32.65 ± 13.91 ** 65.65 ± 18.68 73.34 ± 20.07 **
Antihistamine vs. Other drugs 0.378 0.613 0.006 0.116
Other drugs vs. No drugs 0.965 0.408 0.000 0.000
Antihistamine vs. No drugs 0.330 0.942 0.871 0.093

BZ: Benzodiazepine; PPI: Proton pump inhibitor; BB: Beta-blocker; LT: Levothyroxine; VKA: Vitamin K antagonists;
CC: Corticosteroid; SRI: Serotonin reuptake inhibitor; AIIA: Angiotensin II antagonist; COPD: Chronic obstructive
pulmonary disease; NSAID: Non-Steroidal Anti-Inflammatory Drugs; ACEI: Angiotensin-Converting Enzyme
Inhibitors; CCB: Calcium channel blockers. t-Student p < 0.050. * p < 0.050 and ** p < 0.001. Bold values p < 0.050.

Baseline Comparisons (Between-Group): At baseline, significant differences in
serum 25(OH)D levels were observed only when comparing patients taking diuretics
(26.03 ± 11.34 ng/mL) and angiotensin II antagonists (25.73 ± 13.21 ng/mL) against the
‘Other drugs’ group (p = 0.004 and p = 0.027, respectively). However, significant differences
in QoL scores were observed between almost all drug categories and the non-medicated
group at both baseline and 12 months (Table 4), indicating a strong initial impact of chronic
medication status on QoL.

Logistic regression analysis identified significant predictors of adequate VD status.
Post-supplementation, adherence emerged as a strong positive predictor of adequate
25(OH)D levels (OR = 15.31; 95% CI: 2.90–80.75). At 12 months, the consumption of NSAIDs
(OR = 0.47; 95% CI: 0.40–0.56), inhalers for asthma/COPD (OR = 0.47; 95% CI: 0.40–0.56),
and corticosteroids (OR = 0.62; 95% CI: 0.40–0.97) were significantly associated with
a reduced likelihood of achieving adequate VD status. Conversely, PPI consumption
(OR = 1.83; 95% CI: 1.04–3.23) and no pathologies (OR = 4.00; 95% CI: 1.29–11.51) were pos-
itively associated with adequate status. Furthermore, diabetes (OR = 0.20; 95% CI: 0.06–0.67)
and hypercholesterolemia (OR = 0.25; 95% CI: 0.09–0.69) were strongly and negatively
associated with adequate 25(OH)D levels after the intervention. Baseline predictors of
adequate 25(OH)D levels were more complex: Diuretics (OR = 4.12; 95% CI: 1.26–13.47),
Angiotensin II Antagonists (OR = 4.70; 95% CI: 1.28–17.26), and Insulin (OR = 7.05; 95% CI:
1.09–45-78) were positively associated, while Beta-blockers, Xanthine Oxidase Inhibitors,
Calcium Channel Blockers, and Antihistamines were negatively associated (OR < 1 for
all), indicating that many of these drug-related associations were attenuated or reversed
following the 12-month supplementation protocol (Table 6).

Table 6. Vitamin D levels and habits.

Adequate Vitamin D
Baseline Post Supplementation

OR 95% CI OR 95% CI

Adherence to VD 2.57 0.98–6.62 15.31 2.90–80.75
Gender (female) 1.43 0.61–3.40 1.14 0.47–2.74
BMI 1.69 0.74–3.90 1.11 0.56–2.23
PPI 1.19 0.36–3.95 1.83 1.04–3.23
Beta Blocker 0.89 0.85–0.94 0.90 0.56–1.46
NSAID 1.04 0.79–1.35 0.47 0.40–0.56
Inhaler asthma/COPD 1.04 0.79–1.35 0.47 0.40–0.56
Xanthine oxidase inhibitor 0.89 0.85–0.95 1.35 0.48–3.02
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Table 6. Cont.

Adequate Vitamin D
Baseline Post Supplementation

OR 95% CI OR 95% CI

Diuretic 4.12 1.26–13.47 1.59 0.76–3.33
Corticosteroid 1.37 0.78–2.42 0.62 0.40–0.97
AAIIR 4.70 1.28–17.26 0.52 0.18–1.52
Insulin 7.05 1.09–45.78 0.93 0.18–4.77
Calcium channel blockers 0.89 0.84–0.94 1.63 0.83–3.19
Antihistamine 0.90 0.85–0.95 0.71 0.39–1.29
Diabetes 1.09 0.28–4.32 0.20 0.06–0.67
Hypercholesterolemia 0.77 0.25–2.36 0.25 0.09–0.69
No pathologies 0.53 0.12–2.42 4.00 1.29–11.51

OR: Odds Ratio; CI: Confidence Interval. Adequate Vitamin D: level of serum vitamin D higher than 30 ng/mL.
Chi-Square p < 0.050. Bold value p < 0.050.

3. Discussion
The present study demonstrates that VD supplementation significantly improved

mean serum 25(OH)D concentration and self-perceived QoL in a cohort with a high preva-
lence of deficiency and comorbidities. After 12 months of treatment, mean serum concen-
trations increased from insufficient levels to values within the adequate range, confirming
the effectiveness of supplementation protocol in this vulnerable population.

These findings are consistent with prior studies demonstrating the efficacy of supple-
mentation in correcting VDD in adults. VDD remains widespread in Europe, with serum
concentrations below 12 ng/mL and 20 ng/mL observed in approximately 13% and 40%
of the population, respectively [35]. While promoting lifestyle modifications such as diet
and sun exposure is important, these measures are often insufficient to ensure adequacy.
Fortification programs in the United States, Canada, Finland, and India have proven effec-
tive and may represent a necessary public health strategy in Europe as well [35]. In our
cohort, participants increased intake of vitamin D–rich foods (eggs, fatty fish, mushrooms)
and outdoor activity, potentially contributing synergistically to improved VD status. The
observed decline in fortified dairy intake may reflect dietary preferences or counseling, but
overall, lifestyle modifications complemented the effects of supplementation. Similar to
previous reports, outdoor activity was relevant, and evidence suggests that combining VD
with exercise enhances functional outcomes, including walking speed in older adults with
deficiency [36].

We observed a significant 8-point increase in QoL scores after supplementation, consis-
tent with studies linking higher VD levels to improved well-being, particularly in chronic
disease populations [37–40]. For example, in a large trial of individuals with irritable bowel
syndrome, VD supplementation was associated with improved QoL and higher serum con-
centrations [41]. In our cohort, QoL improvements were particularly pronounced among
benzodiazepine, beta-blocker, and statin users, corroborating evidence that VD supports
musculoskeletal and mental health. Conversely, users of corticosteroids and NSAIDs did
not experience significant QoL gains, likely reflecting the chronic burden of underlying
disease or reduced biological response to supplementation.

One key novelty of this work was the evaluation of VD response according to concur-
rent pharmacological treatment. Supplementation successfully improved VD status among
users of benzodiazepines, PPIs, beta-blockers, statins, levothyroxine, biguanides, and ACE
inhibitors. Biguanide users, in particular, reached among the highest post-supplementation
levels, in line with evidence that VD may improve glycemic control and inflammation in
diabetes [10,42,43].
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In contrast, corticosteroid, NSAID, and vitamin K antagonist users did not improve
significantly. The blunted response among corticosteroid users aligns with literature
showing that glucocorticoids accelerate VD catabolism via induction of 24-hydroxylase,
thereby impairing calcium absorption and reducing circulating 25(OH)D [44]. NSAID users
also showed limited benefit, potentially due to chronic inflammation or pharmacological
interference with VD pathways.

These findings regarding other drug groups generally support previous experimental
and clinical studies. For example, thiazide diuretics have been associated with increased
circulating 25(OH)D in Danish trials [45], and consistently, our cohort showed that diuretic
users had higher odds of adequacy at baseline. Statin use has been linked to higher 25(OH)D
levels in both randomized trials and observational studies [46–48], consistent with our
finding of significant improvement post-supplementation. Conversely, calcium channel
blocker use has been associated with reduced 25(OH)D via CYP3A4 inhibition [49], in our
analysis, users showed lower baseline odds of adequacy and only modest improvement
with supplementation. Similarly, ACE inhibitors have been linked to reduced 25(OH)D
levels in observational studies [50,51]; however, in our population, supplementation shifted
many patients from deficient to adequate categories (p = 0.032), suggesting the intervention
can overcome the pharmacological antagonism.

Regarding specific pharmacological classes, while some cross-sectional studies re-
ported lower 25(OH)D concentrations in vitamin K antagonism users [52,53], we observed
no significant effects on VDD status. Likewise, benzodiazepine use has been inconsistently
associated with lower VD in cross-sectional analyses [54], yet supplementation proved ef-
fective in our cohort. Selective serotonin reuptake inhibitors have also been linked to lower
VD status [54,55], though we found no significant changes in the post-supplementation
category. Inhaled corticosteroids (ICS) present another complex interaction; some studies
suggest negative effects on bone metabolism and modest increases in fracture risk [44,56].
Our logistic regression findings indicated that patients using ICS had significantly lower
odds (OR = 0.47) of achieving adequate VDD status post-supplementation, reinforcing
concerns of a reduced therapeutic response and accelerated catabolism in this subgroup.

Beyond bone health, VD sufficiency has been linked to cardiovascular and metabolic
benefits. Supplementation may reduce cardiac hypertrophy, improve lipid profiles, and
lower atherosclerosis risk [42,57–59]. In our study, patients who achieved adequate
25(OH)D levels post-supplementation were significantly less likely to present with hyperc-
holesterolemia, consistent with previous reports. Similarly, VD has been shown to improve
insulin resistance and inflammatory markers in type 2 diabetes [43]. Our data corroborate
these findings, as patients with adequate VD after supplementation were less likely to
have diabetes.

Adherence to supplementation emerged as the strongest predictor of achieving ad-
equacy, consistent with prior reports highlighting the pharmacist’s role in supporting
compliance [60,61]. Among pharmacological predictors, PPIs were associated with in-
creased odds of adequacy post-intervention, in line with studies reporting no clinically
meaningful reduction in VD with chronic PPI use [62]. Conversely, corticosteroid use,
diabetes, and hypercholesterolemia were associated with a lower probability of adequacy,
emphasizing the need for highly individualized supplementation strategies. In conclusion,
our findings confirm the effectiveness of VD supplementation for improving serum levels
and QoL, while highlighting variable responses depending on comorbidities and medica-
tion use. These results underscore the importance of patient adherence and personalized
supplementation strategies in clinical practice.

The strengths of this study include its prospective design, the systematic assessment of
both biochemical and lifestyle parameters, and the comprehensive evaluation of medication–
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vitamin D interactions. Limitations include the observational nature of the analysis, which
precludes establishing definitive causal relationships, and the potential influence of unmea-
sured confounders such as seasonal variation in sun exposure or genetic polymorphisms
affecting VD metabolism. Additionally, subgroup analyses for some medications were
limited by small sample sizes, thus reducing statistical power.

Our results support the routine evaluation and supplementation of VD in populations
at high risk of deficiency, particularly among patients with multiple comorbidities and
those receiving medications known to interfere with VD metabolism. Personalized sup-
plementation strategies and adherence reinforcement are essential to optimize outcomes.
Future studies should explore the mechanistic basis of drug–vitamin D interactions and as-
sess whether correction of deficiency translates into improved long-term clinical outcomes,
such as fracture prevention, metabolic control, and mental health benefits.

4. Materials and Methods
4.1. Study Design

A multicenter, quasi-experimental, prospective study was conducted using non-
probabilistic convenience sampling. The study took place over 12 months (January 2024
to January 2025) in ten community pharmacies located in both urban and rural areas of
southern Spain.

Participating pharmacists were previously trained in the detection and management
of VDD following the guidelines of the Spanish Society of Endocrinology and Nutrition
(SEEN) [17]. The pharmacists administered a previously designed survey instrument.

Participants were provided with scheduled reminders to take VD, along with a
monthly video (up to 1.5 min long) containing educational content about VDD, its con-
sequences, and strategies to improve 25(OH)D levels. Additionally, an information sheet
was created for primary care physicians (PCPs) requesting their collaboration in providing
access to previous lab results and promoting periodic evaluation (every 4–6 months).

4.2. Data Collection

The survey instrument used was structured into five main sections: socio-health
characteristics, physical activity, diet, medication use, and health status perception. Items
were selected and adapted from the European Health Survey in Spain (2020), prioritizing
those related to VDD risk factors. Self-perceived QoL was assessed using a Visual Analog
Scale (VAS) validated and widely used tools in primary care [63].

A pilot version was tested on 49 patients and reviewed by a multidisciplinary panel of
15 VD experts, who used the Delphi method to reach consensus and refine the questionnaire
content [64]. Data collection was conducted at baseline and 12 months. Sociodemographic
data were collected only at baseline.

4.3. Study Population

Participants were recruited by pharmacists who identified potential symptoms of
VDD or noted an active prescription for VD. Potential cases were detected through:

• Review of the electronic health card during medication dispensing.
• Private or mutual fund prescriptions.
• Identification of symptoms or lifestyle habits compatible with VDD during

patient interactions.

4.3.1. Inclusion Criteria

• Age > 14 years
• Signed informed consent (parental authorization for minors was required)
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• Diagnosis or suspicion of VDD/insufficiency
• Use of medications known to affect VD absorption/metabolism (Table 7)

4.3.2. Exclusion Criteria

• Liver, biliary, renal, or cardiac insufficiency
• Hypoparathyroidism
• History of kidney stones
• Inability to read or speak Spanish
• Lack of a mobile phone or messaging application

Table 7. Medications and dosage used.

Group of Drugs Specific Drug and Dosage

Corticosteroid Fluticasone 100 mcg, mometasone 50 mcg, budesonide 64 mcg, beclomethasone 50
or 100 mcg

Benzodiazepine Bromazepam 1.5 or 3 mg, alprazolam 0.5 mg, lorazepam 1 or 2 mg, lormetazepam
1 mg, diazepam 5 mg

Proton pump inhibitor Pantoprazole 20 mg, esomeprazole 20 or 40 mg, lansoprazole 30 mg, omeprazole
20 or 40 mg

Beta blocker Bisoprolol 2.5 or 5 mg

NSAID Ibuprofen 400 or 600 mg, naproxen 550 mg, diclofenac 75 mg, dexketoprofen 25 mg

Levothyroxine Levothyroxine 25 mg, 50, 88, 100 or 150 mg

Vitamin K antagonists Acenocumarol 4 mg

Biguanide Metformin 850 mg

Inhaler asthma/COPD Formoterol 12 mcg, salbutamol 100 mcg, terbutalin 500 mcg, tiotropium 10 mcg,
glycopyrronium 44 mcg

Xanthine oxidase inhibitor Allopurinol 100 mg

Ezetimibe Ezetimibe 10 mg

Statin Rosuvastatin 10 or 20 mg, atorvastatin 10 or 40 or 80 mg, simvastatin 10 or 20 mg,
pravastatin 10 mg, pitavastatin 4 mg

Diuretic Hydrochlorothiazide 12.5 mg or 25 mg, furosemide 40 mg

Serotonin reuptake inhibitor Sertraline 50 or 100 mg, fluoxetine 20 mg

Antagonists of the angiotensin II Olmesartan 40 mg, valsartan 80 or 160 mg, losartan 25 mg, telmisartán 20 mg,
irbersartan 150 mg

ACE inhibitor Enalapril 20 mg, ramipril 10 mg, perindopril 4 mg

Acetaminophen Acetaminophen 500, 650 or 1000 mg

Insulin Insulin glargine 100 unidades/mL, modern insulin 100 unidades/ml

Calcium channel blocker Manodipine 10 mg, amlodipine 5 or 10 mg

Antihistamine Loratadine 10 mg, cetirizine 10 mg, bilastine 20 mg
NSAID: Non-Steroidal Anti-Inflammatory Drugs; ACE: Angiotensin-Converting Enzyme.

4.4. Sample Size Calculation

The sample size was calculated using the formula:

n = N × Z2 × p (1 − p)/(N −1) + e2 + Z2 × (1 − p)

where n is the sample size, N is the target population, Z is the confidence level (95%), p is
the estimated prevalence of VDD (37%), and e is the margin of error (7%).
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Based on a reference population of 919,700 people in southern Spain, an expected
variability of 50%, and a dropout rate of 20%, the required sample size was estimated at
197 participants.

4.5. Study Outcomes

Main variables included:

• Sociodemographic data
• Dietary intake of VD per week
• Serum 25(OH)D levels
• Medication use and associated conditions
• Self-perceived Quality of life (VAS 0–100)
• Weekly physical activity
• Supplementation method and frequency

4.6. Data Analysis

Analysis was conducted using SPSS v29.0. Descriptive statistics were applied: categor-
ical variables were expressed as percentages, while continuous variables were expressed
as means ± standard deviation for normally distributed data or as percentiles for non-
parametric data.

Student’s t-test or ANOVA was used for comparing continuous variables. For non-
normal distributions, the Kruskal–Wallis test was applied. Categorical variables were
compared using the chi-square test or Fisher’s exact test. Logistic regression models were
used to determine the influence of drug interactions with VD supplementation on achieving
adequate serum 25(OH)D levels. A p-value < 0.050 was considered statistically significant.

4.7. Ethic Approval

This study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Research Ethical Committee of the Granada Centre (0967N23).

5. Conclusions
VD supplementation for 12 months significantly improved serum 25(OH)D concentra-

tions and self-perceived QoL in a population with high baseline prevalence of deficiency
and multiple comorbidities. The response to supplementation was influenced by concomi-
tant medication use: while most drug users benefited, patients receiving corticosteroids,
NSAIDs, or vitamin K antagonists exhibited attenuated improvements, highlighting the
need for closer monitoring in these groups. Individuals without comorbidities or those
using PPIs were more likely to reach optimal 25(OH)D levels, whereas chronic conditions
such as diabetes and hypercholesterolemia reduced the probability of adequacy.

Taken together, these findings reinforce the value of systematic screening and supple-
mentation in at-risk populations. Personalized strategies, considering both comorbidity
profile and concurrent pharmacological treatments, are crucial to optimize VDD status
and maximize potential health benefits. Future clinical trials are warranted to confirm
these results and to evaluate the long-term impact of VD adequacy on clinical outcomes,
including bone health, metabolic control, and health benefits.
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