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Background

Vitamin D plays a crucial role in numerous metabolic processes and is essential
for overall health. Clinical conditions, ideal threshold values and optimal dose
of supplementation remain a topic of discussion. This study presents a real-

world analysis of Vitamin D optimization in a diverse patient population.
Aim

The primary objectives of our real-world study in primary care patients
supplemented with vitamin D were to assess the effectiveness of different
strategies in achieving optimal serum vitamin D levels and to identify factors

that influence changes in vitamin D levels in patients with different clinical

conditions.

Results

Among the 22 patients receiving only a maintenance dose, 59% exhibited an
inadequate response (either low or high), and in 36.3% of cases, this remained
unexplained even after analyzing risk factors for vitamin D deficiency. Notably,
one patient showed no increase in vitamin D levels three months after a
controlled depot dose of 100,000 units. Despite supplementation, a significant
subset of patients failed to reach optimal levels, suggesting potential resistance

to conventional approaches or poor adherence.

Conclusion

We suggest that adherence to supplementation was one of the critical factors in
achieving target levels, but there must be other factors. Starting with supervised
“depots” of vitamin D and improved patient education for maintenance dose
helps to exclude the probably very high adherence problems. This real-world
analysis highlights the complexities of vitamin D optimization and suggests the
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need for more complex research studies, when to supplement and how to do it.
Our study shows the importance of monitoring Vitamin D levels 2-3 months

after the first substitution for finding the optimal dose.

PEER REVIEWED ARTICLE

Peer reviewers:

Dr Stefan Zechmann, Stoffwechselzentrum St. Gallen, friendly Docs AG, St.
Gallen

Prof. Dr Reto Krapf, Chief Medical Officer at Medisyn SA, Kriens

Received on January 31, 2025; accepted after peer review on March 12, 2025;
published on March 17, 2025.

Introduction

The pursuit of optimal vitamin D levels poses a significant challenge in
healthcare, characterized by numerous uncertainties and complexities, as well
as diverse guidelines and recommendations tailored to different populations.1
Clinicians and patients must navigate a convoluted landscape of vitamin D
management influenced by changing testing protocols and coverage policies.z’
3 This scenario requires thoughtful consideration of various factors, including
who should be tested for vitamin D deficiency, the costs associated with
testing, when testing is appropriate, and the circumstances that necessitate
supplementation.

In Switzerland, as in many parts of the world, achieving ideal vitamin D
levels is a multifaceted and often unclear endeavor.’ The World Health
Organization (WHO) defines vitamin D deficiency as serum levels below 20
ng/mL (50 nmol/L), with severe deficiency classified as levels below 10 ng/
mL (25 nmol/L).¢ Similarly, the Swiss Federal Office of Public Health (BAG)
adopts this classification, identifying same deficiency and severe deficiency.
Despite these established criteria, the global incidence of vitamin D deficiency
remains high, affecting approximately one billion _}aeople, with half of the

population failing to meet the recommended levels.

Recent studies suggest that vitamin D deficiency is prevalent across all age
groups, with significant disparities based on geographic location, lifestyle, and
skin pigmentation.

Furthermore, vitamin D status is influenced by seasonal variation, with
deficiency rates peaking during winter months due to reduced sun exposure.9

In Switzerland specifically, the situation is even more pronounced, as 59%
of primary care patients exhibit insufficient vitamin D levels. Among them,
12% are classified as deficient, with serum levels below 20 ng/mL (50 nmol/
L). However, the classification criteria for the remaining 47% within the
insufficient range are not explicitly defined in the referenced study and may
include patients with suboptimal but not deficient levels.10 Furthermore,
since July 1, 2022, basic health insurance in Switzerland no longer covers
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vitamin D testing for individuals without specific risk factors. Currently,
reimbursed testing is limited to patients with conditions such as osteoporosis,
chronic kidney disease, malabsorption syndromes, and disorders affecting
calcium metabolism.1l As we grapple with the complexities of data
interpretation and application, the challenge of aligning diverse, sometimes
contradictory, recommendations from professional organizations becomes
increasingly apparent. For instance, the Swiss Endocrine Society12
recommends a higher threshold for sufficiency (>30 ng/mL or 75 nmol/L)
based on its clinical practice guidelines, whereas the Institute of Medicine
in Switzerland considers 20 ng/mL (50 nmol/L) sufficient, citing evidence
related to bone health.1? This discrepancy underscores the ongoing debate
about optimal vitamin D targets and their clinical implications. Additionally,
the impact of vitamin D on non-skeletal health outcomes, such as immune
function and chronic disease prevention, remains an area of active research.!3

Effectively translating guidelines into actionable strategies for optimizing
vitamin D levels requires a nuanced approach tailored to individual patient
needs. This article aims to address these challenges by a real-world analysis of
the effects of vitamin D supplementation on vitamin D levels. Our objective
is to empower clinicians with the knowledge and resources necessary to
navigate the intricacies of vitamin D optimization, ultimately enhancing
informed decision-making and improving patient outcomes.

Method of data collection

Patients from the endocrinology/diabetology outpatient clinic at the DiaMon
Institute (Baden-Dittwil, Switzerland), which specializes in diabetology,
endocrinology, and obesity, were retrospectively analyzed. The study included
patients on continuous oral vitamin D supplementation whose
25-hydroxyvitamin D (25-OHD) levels were measured between August and
December 2021 (referred to as the “final level”). These patients had initially
been diagnosed with vitamin D deficiency (25-OHD <20 ng/mL) in the
preceding 3-12 months, leading to the initiation of supplementation.
Patients who had received vitamin D in any form within the six months prior
to the baseline measurement were excluded from the study.

To ensure transparency and consistency, the following definitions and
classifications for vitamin D levels shown in Table 1 were used in this study.

Oral vitamin D supplementation was administered with depot preparations
(such as cholecalciferol 100,000 IU or 300,000 IU) or maintenance doses
(including cholecalciferol tablets 1000 IU, cholecalciferol oil 500 IU/drop,
cholecalciferol drops 4000 IU/ml, and cholecalciferol capsules 800 IU). Total
25-OHD levels were measured using a Cobas e601 analyzer (Roche)
employing an electrochemiluminescence binding assay. This method was
standardized against internal standards traceable to the isotope dilution-liquid
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Table 1. Classification of vitamin D levels.

Category (anig-/(r)nl;l_;D Level Interpretation

Severe Deficiency12 <10 High risk for bone disease, requires immediate correction
Deficiency12 10-19 Suboptimal levels, warrants supplementation
Insufficiency12 20-29 Below optimal but not deficient

Sufficiency (Swiss IOM guideline)14 >20 Considered adequate for bone health (IOM)

Sufficiency (Swiss Endocrine Society)12 >30 Considered optimal for broader health benefits

Toxicity Risk1> >100 Potential risk for hypercalcemia

Adapted from references

12,14,15

chromatography-tandem mass spectrometry (ID LC-MS/MS) 25-OHD
reference method. Both, the intra- and interassay variation of the assay, was
below 7%.

The reference values are based on the recommendations of the Swiss
Nutrition Commission, as outlined in the Expert Report.1¢

The reference values for 25-OHD- on Cobas €601 were as follows: mean, 26.6
ng/ml; median, 25.7 ng/ml (winter, 22.8 ng/ml; summer, 27.7 ng/ml), 2.5th
percentile, 10.2 ng/ml; 97.5th percentile, 49.4 ng/ml.

In the first step, we analyzed adequacy in patients who only received
maintenance doses (22 patients) and established criteria to assess the response
of the vitamin D levels, regardless of individual risk factors.

Adequacy was determined by doses of supplement and amount of delta from
the vitamin D values:

a) “Inadequate” and “weak” response were defined as follows:

* For patients receiving >800 IU/day of vitamin D
supplementation: if there was no increase in serum levels of
>10 ng/ml.

* For patients with no increase in serum levels: if the
increase was within the 7% measurement precision, regardless
of the supplementation dose.

b) “Inadequate” and “strong” response were defined as follows:
* For patients receiving <800 IU/day of vitamin D
supplementation: if there was an increase in serum levels of
>10 ng/ml.

c) “Adequate” response was defined as follows:

* For patients who did not fall into categories (a) or (b).
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| 261 Patients assessed for eligibility |

141 Patients 120 Patients underwent 25-OHD
excluded measurement (Aug-Dec 2021)

75 Patients excluded (no prior / " " N

25-OHD measurement) | 45 Patients with prior 25-OHD measurement

8 Patients excluded (not 37 Patients diagnosed with vitamin D
vitamin D deficient) deficiency (<20 ng/mL)
i 28 Patients included in the study

9 Patients excluded due to study criteria
-2: No supplementation

-3: Interrupted supplementation

-4: Prior vitamin D use

Figure 1. Study flowchart illustrating patient selection, exclusions, and the final cohort analyzed.

25-OHD, 25-hydroxyvitamin D.

In the second step, we evaluated unexpectedly weak and strong responses
based on risk factors to determine their explainability by analyzing how these
factors influenced adequacy:

a) “Inexplicable” response was defined as follows:

* For weak responses: if <2 risk factors were present (without
the strongest risk factor malabsorption) or if there was no
increase in serum levels regardless of the number of risk
factors.

* For strong responses: if >2 risk factors were present.

b) “Explicable response” included all remaining patients receiving
maintenance doses only and who did not fall into the “inexplicable” response

category.
Basic data

Of the 261 screened patients, 120 underwent a 25-hydroxyvitamin D
(25-OHD) measurement (serum level measurement) between August and
December 2021. Among these, 45 patients had a prior measurement within
the preceding 3-12 months, and 37 of them were diagnosed with vitamin D
deficiency (<20 ng/mL) at baseline (Figure 1).

Nine patients were excluded from the study:
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* 2 patients because, despite the deficiency, no vitamin D
supplementation was administered.

* 3 patients because the supplementation was interrupted
before the final serum level measurement.

* 4 patients because a vitamin D product had been
administered immediately before the initial measurement.

Among the 28 patients included according to the vitamin D guidelines of the
BAG were:

* 3 patients had a severe vitamin D deficiency (just below 10

ng/ml).

* 16 patients were in the lower range of vitamin D deficiency
(10-15 ng/ml).

*9 patients were in the upper range of vitamin D deﬁciency
(15-20 ng/ml).

Patients were managed by internists and endocrinologists at the DiaMon
Institute, ensuring expertise in vitamin D metabolism and related conditions.

Nine patients were externally referred from general practitioners to the
DiaMon Institute, while 19 were referred internally from the general practice
afhiliated with the DiaMon Institute. None of the patients were referred
specifically for vitamin D deficiency; rather, they were seen for various
endocrinological or metabolic concerns.

The identified risk factors for vitamin D deficiency among these patients are
summarized in Table 2.

The average age was 56.3 years (range, 20—84; standard deviation [SD], 18.2).
The average weight was 84.9 kg (range, 47.9-131; SD, 9.3). The average body
mass index (BMI) was 30.2 kg/m” (range, 17.2-48; SD, 6.5).

In 11 patients, the initial and final vitamin D levels were measured in
different seasons (summer/winter). All values were standardized to winter
values (October-April) according to the assay’s reference values.

Results

Substitution doses

Four patients initially received oral depot vitamin D (depot) without daily
maintenance doses, with an average dose of 150,000 IU (range:
100,000-230,000; SD: 57,155). Two patients received a second depot dose
following an intermediate measurement. Maintenance doses were
administered in 24 patients, with two also receiving an initial depot dose. The
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Table 2. Risk factors for vitamin D deficiency in the population analyzed.

Types and frequencies of risk factors Details about the Risk Factors
Malabsorption (2) 2x Intestine-Operations
1x Chronic Pancreatitis
Kidney Injury (4) GFR <60 ml/min
Chronic Infections (3) 1x Rheumatoid Arthritis
2x Colitis Ulcerosa
Old Age (6) Age >75yrs
Anorexia Mentalis (1) BMI <17.5 kg/m?
Adipositas Grade 2 (4) BMI >35 kg/m?2
Primary Hyperparathyroidism (5) Calcium >2.6 mmol/L
Heavy Smokers (7) Pack Years >20 yrs
Dark-Skinned Patients (8) Number Race
2 South Italy
1 India
1 Spain
1 Portugal
2 Turkey
1 Brazil

On average, patients had 1.29 risk factors for vitamin D deficiency, with seven patients having no identifiable risk factors. The selection of risk factors was
based on established guidelines and literature, including recommendations from the Endocrine Society,12 the Institute of Medicine (IOM),14 and the World
Health Organization (WHO).¢ BMI, body mass index; GFR, glomerular filtration rate.

average daily maintenance dose was 871 IU (range: 500-1600; SD: 308). The
maintenance dose was prescribed from the first measurement of the initial
vitamin D level to the final level. In two patients, the maintenance dose was
increased after an intermediate measurement.

The three patients with severe vitamin D deficiency (<10 ng/mL), received a
maintenance dose of 800 IU, and one patient received an initial depot dose of
100,000 IU. For the 16 patients with vitamin D levels in the lower range of
deficiency (10-15 ng/mL), the average maintenance dose was 873 IU (range,
500-1600; SD, 296), and two patients received depot doses of 100,000 IU
and 200,000 IU, respectively. For the nine patients with vitamin D levels in
the upper range of deficiency (15-20 ng/mL), the average maintenance dose
was 879 IU (range, 500-1428; SD, 347). Additionally, three patients received
depot doses of 100,000 IU, 230,000 IU, and 150,000 IU, respectively.

Risk factors

On average, each patient presented with 1.29 risk factors (range, 0-4; SD,
1.08). Seven patients exhibited no identifiable risk factors. In total, nine of
the risk factors outlined in the introduction were observed (Table 2). The
following risk factors were not identified in this cohort: medications, liver
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insufficiency, pregnancy/lactation, chronic inflammation (excluding chronic
pancreatitis, which was categorized as malabsorption), and active bone
fractures.

Poorly controlled diabetes (17 cases) and thyroid disorders (7 cases) were
excluded as risk factors, as all patients achieved significant improvement in
HbA1c and euthyroidism before the final vitamin D level measurement.

We included also primary hyperparathyroidism because low 25-OHD levels
in these patients are frequent, because the production and metabolism of
25-OHD is downregulated as a protective mechanism, since blood does not
require additional calcium.

Vitamin D levels (initial, intermediate and final)

The timing of vitamin D level measurements varied significantly, influenced
by follow-up appointments for diabetes, thyroid disorders, or other
endocrinological conditions. Poor adherence to supplementation, particularly
for maintenance doses, may also explain some unexpected trajectories.
Additionally, the COVID-19 pandemic likely altered patients’ sun exposure
patterns, further complicating the assessment.

Figure 1 shows the changes in the vitamin D levels over time for each
patient. The average initial level was 13.0 ng/ml (range, 7.3-19.9; SD, 3.3)
and the average final level was 20.8 ng/ml (range, 10.0-35.4; SD, 5.8). The
average intermediate level measured in nine patients was 17.5 ng/ml (range,
11.6-27.1; SD, 4.8). At the final measurement, 14 patients still had deficiency
levels of <20 ng/ml, while 14 patients reached the target level of >20 ng/ml.
Among these, three patients achieved levels >30 ng/ml.

Intervals between measurements

The average duration between the initial and final vitamin D measurements
was 234 days (range, 84-356; SD, 85). For nine patients, an intermediate
measurement was taken after 2—4 months.

Delta between initial, intermediate and final levels

The average delta between the initial and final levels was +7.7 ng/ml range,
-2.2-19.8; SD, 5.6). Five patients had no change in their initial levels within
the 7% measurement precision of the assay. In total, 23 patients experienced
an increase between the initial and final levels (Figure 2).

Key findings from Figure 2:

* 28 patients with vitamin D deficiency (1.8 risk factors on
average).

* Maintenance dose 871 mg/day on average.
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Figure 2. Course of vitamin D concentrations in individual patients after substitution at different doses with various

risk factors.

* Six patients received a depot of 150,000 IU on average.
* Black line indicates the average increase by 7.7 ng/ml.

* Opverall, very individual and varied responses were observed,
with some surprisingly high/low responders.

For six patients receiving daily maintenance doses, an intermediate
measurement was taken, and all showed an increase. In one of the four
patients who received only depot doses, the intermediate level was lower than

the initial level (Figure 3).

Supplementary analysis revealed that among patients with weak responses, it
was defined as an increase of less than 10 pg/ml in 25-OHD D (n=19) - the
number of risk factors per patient ranged from 0 to 4, with a mean of 1.1
(SD, 1.3). In contrast, patients with strong responses — an increase of more
than 10 pg/ml (n=9) - had risk factors ranging from 0 to 3, with a mean of
0.7 (SD, 1.0). Notably, malabsorption was identified as a strong risk factor in
3 patients from the weak response group compared to only 1 patient in the
strong response group.

Key findings from Figure 3:

* Two patients (orange/green) with sufficient increase in
vitamin D levels with correct depot and maintenance dose.
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Figure 3. Vitamin D concentrations during depot substitution therapy.

* One patient (gray) with 2x depot substitution without
maintenance dose; sufficient increase only after intermediate
level following a higher second depot.

* One patient (dark blue) with no increase despite 100,000
units depot (at start and intermediate measurement) plus
maintenance dose 1000 IU/day; since only one risk factor
(BMI per magna with 42 kg/m2) was present, representing
an unexplained course.

* One patient (light blue) with no increase, since only depot
without maintenance dose; intermediate measurement after
depot missed, assessment of adequacy therefore not possible.

* One patient (yellow) with no increase despite depot, no
maintenance dose; since the intermediate measurement was
late, it is not assessable whether there was an adequate
increase. No second depot was administered after the
intermediate measurement, and the level did not change.

Patients on depot doses

Depot doses were administered to a total of six patients (21%): once for a
vitamin D level <10 ng/ml, three times for levels 10-15 ng/ml and twice for
levels 15-20 ng/ml. Among those receiving vitamin D depot doses, only two
of the six patients had an intermediate measurement taken at the optimal
interval of three months for assessment.
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According to Figure 2:

* Three patients had an increase to >20 ng/ml.
* One patient had no increase.

* Two patients with only depot doses could not be assessed
because the measurement was performed too late.

Patients on maintenance dose only

Of the 22 patients who were on maintenance doses only, six patients
experienced an increase in vitamin D levels of >10 ng/mL, while 16 patients
had an increase of <10 ng/mL. Nine patients received a maintenance dose of
>800 IU/day, while 13 patients received a dose of <800 IU/day.

Using the definition of adequate or inadequate response to vitamin D
supplementation mentioned in the data collection method, we identified nine
patients with a weak response and four patients with a strong response.
According to the definition of explainability, we found that two of the four
strong responses and six of the nine weak responses were inexplicable (see

Table 3).

Reactions in patients on maintenance dose only

Weak responses were in 9 patients, number of rheumatoid factor (RF) 04,
mean 1.1 and SD £1.3.

Strong responses were in 4 patients, number of RF 0-3, mean 0.7 and SD
+1.

The strongest RF (malabsorption) was observed in 3 patients in the “weak
response” group and in 1 patient in the “strong response” group.

In 10 of the 13 patients receiving 800 U/day despite the low vitamin D level,
the response was strong, 2 of them had even a strong RF (malabsorption),
the number of RF was 0-3, mean 0.8 and SD % 0.9.

In summary, out of the 22 patients with maintenance doses, 8 (36.3%) had
an inexplicable reaction (27,2% inadequate weak, 9.1% inadequate strong)
and 14 (63.7%) had a explicable reaction (13.7% inadequate weak, 9.1%
inadequate strong, 40.9%), see Table 3.

Recommendations

Based on these findings, we recommend initially administering a depot dose
to address potential adherence issues, followed by a maintenance dose tailored
to the identified risk factors. After three months (approximately five half-
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Table 3. Number of patients with different reactions after substitution with only maintenance dose of vitamin D.

Reaction to Vitamin D Inadequate Inadequate Adequate
Substitution “Weak” “Strong” a
Inexplicable Considering RF 6 2 -
Explicable Considering RF 3 2 9

Adequacy was determined by doses of supplement and by the amount of delta from the vitamin D values. The explicability was then determined by analyzing

adequacy together with risk factors. RF, rheumatoid factor.

lives of 25-OHD), the effect of the depot dose should be assessed. If levels
normalize, a second measurement after three months can help evaluate the
appropriate daily maintenance dose.

Discussion

In this study, 261 patients were selected from an endocrinology clinic based
on predefined inclusion criteria rather than true randomization, ensuring
representation of individuals undergoing vitamin D assessment in routine
clinical practice. Among them, 120 patients (46%) underwent vitamin D
measurement, reflecting the high rate of testing in patients with diabetology,
endocrinology, and obesity-related conditions, rather than directly indicating

a high prevalence of deficiency.

Of the 28 patients diagnosed with vitamin D deficiency that were studied, 21
(75%) had at least one established risk factor for vitamin D deficiency. After
supplementation, 23 patients (82.3%) showed an increase in 25-OHD levels,
though with considerable variability (Figure 2). However, in five patients
(17.8%), vitamin D levels remained unchanged, suggesting potential issues
with adherence or strong malabsorption, or other unknown reasons like
metabolic resistance.

Overall, 11 patients (39%) reached levels between 20-30 ng/ml, still
considered inadequate according to the BAG” while only three (10.7%)
achieved levels >30 ng/ml. Two of these were in the depot group and one
in the maintenance-only group. Patients received an average supplementation
dose of 871 IU/day, only slightly above the BAG-recommended maintenance
dose for individuals over 60. Given the cohort’s risk factors (mean 1.23
per patient), this dose was likely insufficient and should have been adjusted
accordingly.17 Risk-based dose adjustments improve outcomes, but remain
underutilized in clinical practice.18

Notably, patients with mild vitamin D deficiency (10-20 ng/ml) received a
higher mean dose than those with severe deficiency, suggesting inconsistent
application of BAG guidelines.19 Such inconsistencies have been observed in
various healthcare settings due to a lack of consensus on optimal strategies.?’

The six patients receiving depot preparations are detailed separately in Figure
3.
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Among the 22 patients on maintenance doses, responses varied:

18% (4/22) had unexpectedly strong responses.

41% (9/22) had unexpectedly weak responses.

(
41% (9/22) showed adequate increases.
(

59% (13/22) showed inadequate changes in their vitamin D
levels.

A detailed qualitative assessment of risk factors (Table 2) proved challenging
due to ambiguous effects on vitamin D metabolism, such as renal
insufficiency, obesity, and skin color. Only malabsorption (two patients) was
consistently identified as a strong risk factor. Gastrointestinal disorders have
been reported to significantly impair vitamin D absorption, necessitating
higher supplementation doses.?1

In eight patients (36%), unexpected changes in vitamin D levels remained
unexplained. These were mostly weak responders (6/9) but also included two
strong responders. Possible causes include inadequate measurement intervals,
influenced by regular follow-ups for diabetes or thyroid disorders, where
vitamin D was not the primary focus.2? Timing of measurements matters,
particularly in the maintenance dose group, as deficiencies may resolve over
time, requiring dose adjustments.23 Adherence to supplementation is another
challenge—monitored for depot doses but difhicult to verify for maintenance
therapy.24 Poor adherence is generally a key barrier in at-risk populations.25

Poor adherence is a well-documented challenge across various patient
populations, particularly those at higher risk for vitamin D deficiency. Factors
such as complex supplementation regimens, lack of awareness, and
inconsistent follow-up contribute to suboptimal treatment outcomes.?3
Ensuring adherence to vitamin D therapy in private practice is challenging.
Consequently, administering vitamin D intramuscularly or orally under
direct supervision is advisable.

Additional factors complicating vitamin D assessments include individual
variability in metabolism, malabsorption, dietary intake, sun exposure, and
skin pigmentation.?® In our cohort, eight patients (28.5%) had darker skin,
making it difficult to estimate their reduced cutaneous vitamin D synthesis.’
This aligns with research showing higher supplementation needs in darker-
skinned individuals.?” The COVID-19 pandemic may have further altered

sun exposure patterns.

Changes in underlying health conditions can also affect vitamin D status. For
instance, improvement in renal insufficiency or discontinuation of interfering
medications can alter levels. While obesity remains a stable risk factor,
diabetes and thyroid disease were excluded due to their potential for rapid
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fluctuations. Seasonal variation further complicates assessment — 39% of
patients showed seasonal differences, with vitamin D levels averaging 18%
lower in winter.28 These findings underscore the need for seasonally adjusted
supplementation.

Even with optimal monitoring, adherence checks, and guideline-based dosing,
some trajectories remain unexplained due to individual differences in vitamin
D metabolism.

Given these complexities and based on our findings, we recommend:

1. Administer an initial depot dose to address potential
adherence issues, followed by a maintenance dose tailored to
identified risk factors.

2. Assess the effect of the depot dose after three months
(approximately five half-lives of 25-OHD).

3. If levels normalize, perform a second measurement after three
more months to evaluate the appropriate daily maintenance
dose.

Our retrospective study has some limitations. The fact that 25-OHD
measurements and vitamin D supplementation was sometimes given out of
known indications reflects the real- world situation in clinics and maybe the
pression of patients for such activities, which are not always indicated.

Because of the retrospective analyses of this real-world clinical study, the
implemented indications and strategies for substitution and some variables
were not controlled. Vitamin D deficiency was always only a side problem
in the analyzed contact between patients and doctors. Therefore, the few
analyzed parameters are maybe not sufficient to explain reasons for a missing
success in the determination of vitamin D doses. Measurement of other
parameters in vitamin D metabolism (calciuria, calcemia, phosphatemia,
intact PTH or others) may have helped to optimize substitution.

Since 2022, Switzerland has imposed limitations on the reimbursement for
vitamin D testing, according to the analysis list for certain risk situations
and intervals between follow-up examinations.!1 Given the number of risk
factors, the difficulty of assessing them and their dynamic nature, the success
of supplementation depends on a clinical approach and continuous
reassessment of the correct therapeutic dose. Vitamin D measurements,
together with a thorough patient history, will help in this process. In cases
of vitamin deficiency, it may sometimes be sufficient to inquire about the
patient’s habits and potentially improve them. In cases of an inadequate
response to supplementation, therapy adherence should also be addressed.
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Conclusion

This study reveals that current vitamin D supplementation practices often fail
to achieve optimal serum vitamin D levels, especially among individuals with
baseline deficiency. Only 40% of participants with initial vitamin D levels
between 10-20 pg/mL reached the target range of 20-30 pg/mL, a range that
still falls below the recommended thresholds as per BAG. Furthermore, only
10% of the individuals achieved an ideal level of 30-50 pg/mL, suggesting
that typical dosing regimens are insufficient for many individuals.

The factors contributing to these suboptimal outcomes include ongoing
debates within the medical community regarding the clinical importance of
mild vitamin D deficiency and inconsistent standards for defining optimal
vitamin D levels. Additionally, the study highlights significant variability in
vitamin D levels among patients receiving maintenance doses; 36% of the
patients analyzed showed fluctuations despite receiving presumed appropriate
doses and accounting for known risk factors. This variability may stem from
practical challenges encountered in real-world settings, including infrequent
vitamin D measurement intervals, insufficient initial consideration of
individual risk factors for deficiency, evolving risk factors after therapy
initiation and limited adherence to supplementation protocols.

To address these issues, it is recommended that clinicians strictly follow the
BAG guidelines, combining appropriate maintenance doses with an initial
depot (bolus) dose for patients. A follow-up assessment of vitamin D levels
should be performed after three months to evaluate the efficacy of the
bolus dose, followed by a second evaluation three months later to assess
the effectiveness of the maintenance dose, assuming that initial levels have
increased sufficiently. Proper accounting for the impact of individual risk
factors remains essential and complex, underscoring the need for a
personalized approach.

These findings underscore the necessity for a more rigorous and tailored
approach to vitamin D supplementation. Improved clinical outcomes are
achievable through precise dosing, regular serum level assessments, and
personalized interventions that take individual patient risk profiles into
account. This comprehensive strategy would facilitate better management
of vitamin D deficiency, promote adherence and ultimately enhance patient
health outcomes.

healthbook TIMES Das Schweizer Arztejournal Journal Des Médecins Suisses

34



Optimizing Vitamin D Levels: A Real-World Analysis of Supplementation Efficacy and Patient Outcomes

Ethical considerations: Consent and privacy

This study was conducted in accordance with the principles of the
Declaration of Helsinki. Due to the nature of the study, specific written
informed consent for participation was not obtained. However, all patient
information was anonymized to maintain privacy, and the study adhered to
the ethical standards for the use of patient data in research and publication.
Availability of data and materials

All patient data that support this study/case report are included in the
anonymized form in the published article.

Conflict of interest

The authors have declared that the study was conducted in the absence of any
commercial or financial relationships that could be construed as a potential
conflict of interest.

Funding

All authors have declared that no financial support was received from any
organization for the submitted work.

Aunthor contributions

All authors contributed to and approved the final manuscript.

Submitted: January 31, 2025 CEST. Accepted: March 12, 2025 CEST. Published: March 17, 2025 CEST.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0
International License (CCBY-NC-SA-4.0). View this license’s legal deed at https://creativecommons.org/
licenses/by-nc-sa/4.0 and legal code at https://creativecommons.org/licenses/by-nc-sa/4.0/legalcode for
more information.

healthbook TIMES Das Schweizer Arztejournal Journal Des Médecins Suisses

35



Optimizing Vitamin D Levels: A Real-World Analysis of Supplementation Efficacy and Patient Outcomes

REFERENCES

1. Midcové L, Bi¢ikovd M. Vitamin D: Current Challenges between the Laboratory and Clinical
Practice. Nutrients. 2021;13(6):1758. d0i:10.3390/nul13061758

2. Pilz §, Zittermann A, Trummer C, et al. Vitamin D testing and treatment: a narrative review
of current evidence. Endocr Connect. 2019;8(2):R27-R43. doi:10.1530/ec-18-0432

3. Caviezel B, Szczypior L, Sourla E, et al. Optimizing Vitamin D Levels: Bridging the Gap
Between Theory and Practice for Optimal Health in Switzerland. bb TIMES Schw Arztej.
2024;15(4):8-13. d0i:10.36000/hbT.2024.15.001

4. Calcaterra V, Cena H, De Giuseppe R, et al. An Adapted Questionnaire Tailored for Assessing
the Risk of Vitamin D Deficiency in Children That Is Proving Useful in Guiding Clinical
Interventions. Nutrients. 2024;16(7):971. d0i:10.3390/nu16070971

5. Guessous I, Dudler V, Glatz N, et al. Vitamin D levels and associated factors: a population-
based study in Switzerland. Swiss Med Wkly. 2012;142:0. doi:10.4414/smw.2012.13719

6. Joint FAO/WHO Expert Consultation. Vitamin and Mineral Requirements in Human
Nutrition. 2nd ed. Bangkok, Thailand: WHO Library; 2004:341.

7. Federal Commission for Nutrition. Vitamin D deficiency: Evidence, safety, and

recommendations for the Swiss population. BLV. http://www.blv.admin.ch/dam/blv/en/

dokumente/das-blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuehrlicher-
expertenbericht-vitamin-d-mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf

8. Lips P, van Schoor NM. The effect of vitamin D on bone and osteoporosis. Best Pract Res Clin
Endocrinol Metab. 2011;25(4):585-591. d0i:10.1016/j.beem.2011.05.002

9. Cashman KD, Dowling KG, Skrabdkové Z, et al. Vitamin D deficiency in Europe: pandemic?
Am J Clin Nutr. 2016;103(4):1033-1044. d0i:10.3945/ajcn.115.120873

10. Essig S, Merlo C, Reich O, et al. Potentially inappropriate testing for vitamin D deficiency: a
cross-sectional study in Switzerland. BMC Health Serv Res. 2020;20(1):1097. doi:10.1186/
$12913-020-05956-2

11. Annex 3 of the Health Care Services Ordinance (KLV): List of analyses. BAG. https://

www.bag.admin.ch/dam/bag/de/dokumente/kuv-leistungen/leistungen-und-tarife/Analysenliste/
al_aenderungen_020622_pdf.PDF.download.PDF/

Analysenliste,%20%C3%84nderungen%20vom%202.%20Juni%202022%20per%201.%20]uli%2020
22.PDF

12. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and prevention of

vitamin D deficiency: an Endocrine Society clinical practice guideline. / Clin Endocrinol Metab.
2011;96(7):1911-1930. d0i:10.1210/jc.2011-0385

13. Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin D supplementation to prevent acute

respiratory tract infections: systematic review and meta-analysis of individual participant data.
BM]. 2017;356:i6583. d0i:10.1136/bm;.i6583

14. Institute of Medicine Committee to Review Dietary Reference Intakes for Vitamin D,

Calcium. The National Academies Collection: Reports funded by National Institutes of Health.
Dietary Reference Intakes for Calcium and Vitamin D. 2011. doi:10.17226/13050

15. Holick MF. Vitamin D deficiency. N Engl | Med. 2007;357(3):266-281. d0i:10.1056/
NEJMra070553

healthbook TIMES Das Schweizer Arztejournal Journal Des Médecins Suisses

36


https://doi.org/10.3390/nu13061758
https://doi.org/10.1530/ec-18-0432
https://doi.org/10.36000/hbT.2024.15.001
https://doi.org/10.3390/nu16070971
https://doi.org/10.4414/smw.2012.13719
http://www.blv.admin.ch/dam/blv/en/dokumente/das-blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuehrlicher-expertenbericht-vitamin-d-mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf
http://www.blv.admin.ch/dam/blv/en/dokumente/das-blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuehrlicher-expertenbericht-vitamin-d-mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf
http://www.blv.admin.ch/dam/blv/en/dokumente/das-blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuehrlicher-expertenbericht-vitamin-d-mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf
https://doi.org/10.1016/j.beem.2011.05.002
https://doi.org/10.3945/ajcn.115.120873
https://doi.org/10.1186/s12913-020-05956-2
https://doi.org/10.1186/s12913-020-05956-2
https://www.bag.admin.ch/dam/bag/de/dokumente/kuv-leistungen/leistungen-und-tarife/Analysenliste/al_aenderungen_020622_pdf.PDF.download.PDF/Analysenliste,%20%C3%84nderungen%20vom%202.%20Juni%202022%20per%201.%20Juli%202022.PDF
https://www.bag.admin.ch/dam/bag/de/dokumente/kuv-leistungen/leistungen-und-tarife/Analysenliste/al_aenderungen_020622_pdf.PDF.download.PDF/Analysenliste,%20%C3%84nderungen%20vom%202.%20Juni%202022%20per%201.%20Juli%202022.PDF
https://www.bag.admin.ch/dam/bag/de/dokumente/kuv-leistungen/leistungen-und-tarife/Analysenliste/al_aenderungen_020622_pdf.PDF.download.PDF/Analysenliste,%20%C3%84nderungen%20vom%202.%20Juni%202022%20per%201.%20Juli%202022.PDF
https://www.bag.admin.ch/dam/bag/de/dokumente/kuv-leistungen/leistungen-und-tarife/Analysenliste/al_aenderungen_020622_pdf.PDF.download.PDF/Analysenliste,%20%C3%84nderungen%20vom%202.%20Juni%202022%20per%201.%20Juli%202022.PDF
https://www.bag.admin.ch/dam/bag/de/dokumente/kuv-leistungen/leistungen-und-tarife/Analysenliste/al_aenderungen_020622_pdf.PDF.download.PDF/Analysenliste,%20%C3%84nderungen%20vom%202.%20Juni%202022%20per%201.%20Juli%202022.PDF
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.17226/13050
https://doi.org/10.1056/NEJMra070553
https://doi.org/10.1056/NEJMra070553

Optimizing Vitamin D Levels: A Real-World Analysis of Supplementation Efficacy and Patient Outcomes

16. Eidgenossisches Departement des Innern EDI Bundesamt fiir Lebensmittelsicherheit und

Veterindrwesen, 2012. Expertenbericht der Eidgendssischen Ernihrungskommission,

Fachinformation zu Vitamin D. BLV. https://www.blv.admin.ch/dam/blv/de/dokumente/das-
blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuchrlicher-expertenbericht-vitamin-d-
mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf

17. Sadat-Ali M, Al-Anii FM, Al-Turki HA, AlBadran AA, AlShammari SM. Maintenance Dose
of Vitamin D: How Much Is Enough? J Bone Metab. 2018;25(3):161-164. doi:10.11005/
ibm.2018.25.3.161

18. Bischoft-Ferrari HA. Optimal serum 25-hydroxyvitamin D levels for multiple health
outcomes. Adv Exp Med Biol. 2008;624:55-71. doi:10.1007/978-0-387-77574-6_5

19. Merlo C, Trummler M, Essig S, Zeller A. Vitamin D Deficiency in Unselected Patients from
Swiss Primary Care: A Cross-Sectional Study in Two Seasons. PLoS One. 2015;10(9):¢0138613.
doi:10.1371/journal.pone.0138613

20. Dawson-Hughes B, Mithal A, Bonjour JP, et al. IOF position statement: vitamin D
recommendations for older adults. Osteoporos Int. 2010;21(7):1151-1154. doi:10.1007/
s00198-010-1285-3

21. Javorsky BR, Maybee N, Padia SH, Dalkin AC. Vitamin D Deficiency in Gastrointestinal
Disease. Pract Gastroenterol. Published online 2006:52-72.

22. Lorde N, Elgharably A, Kalaria T. Impact of Variation between Assays and Reference
Intervals in the Diagnosis of Endocrine Disorders. Diagnostics (Basel). 2023;13(22):3453.
doi:10.3390/diagnostics13223453

23. Kennel KA, Drake MT, Hurley DL. Vitamin D deficiency in adults: when to test and how to
treat. Mayo Clin Proc. 2010;85(8):752-758. d0i:10.4065/mcp.2010.0138

24. Alhazami M, Pontinha VM, Patterson JA, Holdford DA. Medication Adherence Trajectories:
A Systematic Literature Review. / Manag Care Spec Pharm. 2020;26(9):1138-1152.
doi:10.18553/jmcp.2020.26.9.1138

25. Pludowski P, Holick MF, Grant WB, et al. Vitamin D supplementation guidelines. J Steroid
Biochem Mol Biol. 2018;175:125-135. d0i:10.1016/}.jsbmb.2017.01.021

26. Wimalawansa SJ. Vitamin D in the new millennium. Curr Osteoporos Rep. 2012;10(1):4-15.
doi:10.1007/s11914-011-0094-8

27. Clemens TL, Adams JS, Henderson SL, Holick MF. Increased skin pigment reduces the
capacity of skin to synthesise vitamin D3. Lancet. 1982;1(8263):74-76. d0i:10.1016/
s0140-6736(82)90214-8

28. Webb AR, Pilbeam C, Hanafin N, Holick MF. An evaluation of the relative contributions of
exposure to sunlight and of diet to the circulating concentrations of 25-hydroxyvitamin D in an
elderly nursing home population in Boston. Am J Clin Nutr. 1990;51(6):1075-1081.
do0i:10.1093/ajen/51.6.1075

healthbook TIMES Das Schweizer Arztejournal Journal Des Médecins Suisses

37


https://www.blv.admin.ch/dam/blv/de/dokumente/das-blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuehrlicher-expertenbericht-vitamin-d-mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/das-blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuehrlicher-expertenbericht-vitamin-d-mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf
https://www.blv.admin.ch/dam/blv/de/dokumente/das-blv/organisation/kommissionen/eek/vitamin-d-mangel/ausfuehrlicher-expertenbericht-vitamin-d-mangel.pdf.download.pdf/Vitamin_D_Bericht.pdf
https://doi.org/10.11005/jbm.2018.25.3.161
https://doi.org/10.11005/jbm.2018.25.3.161
https://doi.org/10.1007/978-0-387-77574-6_5
https://doi.org/10.1371/journal.pone.0138613
https://doi.org/10.1007/s00198-010-1285-3
https://doi.org/10.1007/s00198-010-1285-3
https://doi.org/10.3390/diagnostics13223453
https://doi.org/10.4065/mcp.2010.0138
https://doi.org/10.18553/jmcp.2020.26.9.1138
https://doi.org/10.1016/j.jsbmb.2017.01.021
https://doi.org/10.1007/s11914-011-0094-8
https://doi.org/10.1016/s0140-6736(82)90214-8
https://doi.org/10.1016/s0140-6736(82)90214-8
https://doi.org/10.1093/ajcn/51.6.1075

	Optimizing Vitamin D Levels: A Real-World Analysis of Supplementation Efficacy and Patient Outcomes
	Background
	Aim
	Results
	Conclusion
	Introduction
	Method of data collection
	Basic data
	Results
	Substitution doses
	Risk factors
	Vitamin D levels (initial, intermediate and final)
	Intervals between measurements
	Delta between initial, intermediate and final levels
	Patients on depot doses
	Patients on maintenance dose only
	Reactions in patients on maintenance dose only
	Recommendations

	Discussion
	Conclusion
	Ethical considerations: Consent and privacy
	Availability of data and materials
	Conflict of interest
	Funding
	Author contributions

	References


