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Optimizing vitamin D levels poses a significant challenge in healthcare, 
characterized by varying guidelines, recent changes in testing coverage and 
widespread vitamin D deficiency. In Switzerland, where 59% of primary care 
patients have insufficient vitamin D levels and 12% are deficient, the complexity 
is heightened by the discontinuation of health insurance coverage for vitamin D 
testing without risk factors, as of July 1, 2022. This article explores the 
multifaceted landscape of vitamin D management, addressing the intricacies of 
testing, supplementation and guideline implementation. Through an analysis of 
the current guidelines and the pathophysiology of vitamin D, we aim to equip 
clinicians with the insights needed to navigate these complexities, optimize 
patient care and improve outcomes. 
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Introduction  
The quest for optimal vitamin D levels represents a complex challenge in 
healthcare, marked by numerous uncertainties and intricacies, with varying 
guidelines and recommendations for different populations.1 Clinicians and 
patients are confronted with a complex landscape of vitamin D management, 
shaped by varying guidelines and recent changes in testing coverage.2 This 
situation necessitates careful consideration of several factors: identifying 
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which individuals should be tested for vitamin D deficiency, assessing the 
associated costs of testing, determining the circumstances under which testing 
is warranted and recognizing when supplementation becomes essential.3 

In Switzerland, as in many regions around the world, optimizing vitamin 
D levels remains a challenging and ambiguous task.4 The Swiss Federal 
Office of Public Health (BAG) defines vitamin D deficiency as serum levels 
falling below 20 ng/mL (50 nmol/L), with severe deficiency characterized 
by levels below 10 ng/mL (25 nmol/L). Despite these clear thresholds, 
the global prevalence of vitamin D deficiency is alarmingly high, affecting 
around 1 billion individuals, with 50% of the population not meeting the 
recommended levels.5 In Switzerland, the issue is particularly severe: 59% of 
primary care patients show insufficient vitamin D levels and 12% are classified 
as deficient.6 Adding to the complexity, since July 1, 2022, basic health 
insurance in Switzerland no longer covers vitamin D testing for individuals 
without identified risk factors.7 

Amid the complexities of data interpretation and implementation, the 
challenge of reconciling diverse and sometimes conflicting recommendations 
from professional societies becomes increasingly evident as translating 
guidelines into effective strategies for optimizing vitamin D levels demands 
a nuanced approach that is carefully tailored to individual patient needs; 
thus, this article seeks to navigate these complexities by providing an in-
depth analysis of the current state of vitamin D optimization. Through 
a comprehensive synthesis of existing guidelines, an in-depth examination 
of the pathophysiology of vitamin D biosynthesis and deficiency and an 
evaluation of real-world case studies, we seek to clarify the prevailing 
uncertainties. Our goal is to equip clinicians with the knowledge and tools 
necessary to navigate the complexities of vitamin D optimization, thereby 
enhancing informed decision-making and improving patient outcomes. 

Physiology of vitamin D     
Within the human body, vitamin D, encompassing both ergocalciferol 
(vitamin D2) and cholecalciferol (vitamin D3), undergoes conversion into the 
primary circulating forms of 25-hydroxyvitamin D (25-OH-D2 or 25-OH-
D3), also referred to as calcitriol. These forms can subsequently transform 
into biologically active metabolites, namely 1,25-dihydroxyergocalciferol 
(1,25-OH-2D2) or 1,25-dihydroxycholecalciferol (1,25-OH-2D3), recognized 
as calcitriol.8 

In the skin, under the influence of UV-B radiation, provitamin D2 and 
provitamin D3 are synthesized from ergosterol and 7-dehydrocholesterol, 
respectively. Following the cleavage of the B-ring of these molecules, thermal 
isomerization takes place.9 
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Moreover, vitamin D is not solely reliant on sunlight; it can also be sourced 
from a variety of delectable foods.10,11 Delve into the depths of the ocean 
with a bounty of fish options, harness the benefits of fish oil’s nutritional 
goodness and explore the nourishment offered by select cuts of meat.12 

Embrace the creamy textures of dairy products and enrich your diet with the 
wholesome goodness of mushrooms, soy and fortified cereals.13 With such a 
diverse array of options, maintaining adequate vitamin D levels becomes not 
just a necessity but a culinary journey worth savoring.14 

Vitamin D is transported into the bloodstream where it binds to the vitamin 
D-binding protein (VDBP), synthesized in the liver.15,16 Additionally, 
irrespective of its source — whether derived from dietary intake or 
synthesized in the skin — it undergoes predominantly hepatic hydroxylation 
mediated by the enzyme CYP2R1, resulting in the formation of 
25-hydroxycholecalciferol (25-OH-vitamin D3 or calcitriol). Subsequently, it 
is released back into circulation bound to VDBP.17 

Calcitriol is the active form of vitamin D3, which regulates the calcium and 
phosphate balance in the body, enhancing their absorption and utilization.18 

Under the influence of the enzyme CYP27B1, calcitriol is primarily converted 
into its active form, calcitriol (1,25-OH-2D3 or 1α,25-dihydroxyvitamin D3), 
in the kidney by the enzyme 1α-hydroxylase.19 This process is primarily 
stimulated by parathyroid hormone (PTH) and inhibited by calcium, 
phosphate and fibroblast growth factor (FGF 23).20 Calcitriol is the 
biologically active hormone.21 In the bloodstream, vitamin D is primarily 
bound to VDBP or albumin; very little circulates freely.22 

Functions of vitamin D     
The vitamin D receptor (VDR) for 1,25-OH-2D belongs to the steroid 
receptor family and is present in nearly all human cells.23 It is a transcription 
factor that regulates gene expression and influences the activity of genes 
responsible for the biological effects of vitamin D.24 Vitamin D plays an 
essential role in calcium absorption in the small intestine.25 

The calcitriol-VDR complex stimulates the transcription of the calcium 
channels TRPV5 and TRPV6 in intestinal cells, enabling calcium to be 
absorbed into the cells along a steep electrochemical gradient through the 
brush border membrane.26 Subsequently, calcium is transported within the 
cell with the help of calbindin, whose expression is also induced by 
calcitriol.27 The calcium is then transported through the cell and released 
into the bloodstream either via CaATPase or the sodium/calcium exchanger 
protein (NCX1) and in this process, CaATPase is also induced by 
1,25-OH-2D.28 
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Similar mechanisms lead to calcium reabsorption in the distal tubule of the 
kidney. The proteins involved are homologous to TRPV5 and calbindin, but 
not identical.29 

The situation in the bone tissue is less clear-cut, as the vitamin D receptor 
(VDR) is also present in osteoblasts, cells responsible for bone formation; 
calcitriol promotes the differentiation of osteoblasts and regulates proteins 
such as collagen, alkaline phosphatase and osteocalcin, which are essential 
for bone development, while also inducing RANKL, a membrane-bound 
protein in osteoblasts that stimulates the formation and activation of 
osteoclasts, indicating that vitamin D regulates both bone formation and 
resorption.30 

The full range of vitamin D functions is not yet completely understood. 
Nonetheless, clinical studies suggest a broader spectrum of effects, 
demonstrating potential benefits in conditions such as coronary heart disease 
(CHD), cerebrovascular events, arterial hypertension, infections, 
autoimmune disorders and skin diseases.31 

Vitamin D deficiency    
The BAG defines vitamin D deficiency as serum levels falling below 20 
ng/mL (50 nmol/L), with severe deficiency characterized by levels below 
10 ng/mL (25 nmol/L).5 The clinical symptoms of long-term vitamin D 
deficiency manifest as rickets in children and osteomalacia in adults. Both 
conditions stem from impaired bone mineralization, which results from 
inefficient absorption of calcium and phosphate from the diet. In the absence 
of adequate vitamin D, only about 10–15% of calcium and approximately 
60% of phosphate are absorbed.32 

Rickets is characterized by skeletal changes (e.g., deformities, growth 
disturbances), radiological alterations (e.g., reduced mineralization, 
deformities) and elevated alkaline phosphatase levels.33 Depending on the 
severity and duration of vitamin D deficiency, initial hypocalcaemia 
progresses to normo-calcemia and hypophosphatemia due to increased PTH 
secretion, eventually leading to combined hypocalcaemia and 
hypophosphatemia when calcium can no longer be released from the bones.34 

Osteomalacia is characterized by increased bone resorption and suppression 
of new bone mineralization.35 Despite the under mineralization of the bone, 
serum calcium concentration often remains within the normal range due to 
the regulation by PTH.36 The clinical symptoms of vitamin D deficiency in 
adults are less pronounced than in children and can include diffuse muscle 
and bone pain, as well as specific fractures (such as femoral neck fractures 
and stress fractures).37 Muscle pain and weakness (myopathy), which occur 
alongside skeletal symptoms in older adults, can lead to impaired physical 
performance, an increased risk of falls and a higher risk of bone fractures.38 
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A prolonged vitamin D deficiency can lead to reduced bone mineral density 
(BMD) and predispose older individuals, particularly postmenopausal 
women, to osteoporosis.39,40 

Central to vitamin D supply is the body’s endogenous production in the skin, 
which contributes 80–90% to vitamin D levels, while dietary intake provides 
only a minor contribution unless supplementation is used.41 

Vitamin D deficiency or inadequate calcium intake can lead to secondary 
hyperparathyroidism, a condition characterized by elevated parathyroid 
hormone (PTH) and low calcium levels, emphasizing the importance of 
maintaining sufficient vitamin D and calcium intake.42 

Risk factors for vitamin D deficiency       
UVB exposure and skin factors      
UVB light is necessary for vitamin D synthesis.43 Vitamin D production in 
the skin can only occur with UVB wavelengths between 295 nm and 300 
nm, ideally at 297 nm.44 At too low angles of incidence, vitamin D can no 
longer be synthesized in the skin.45 During the day, the most vitamin D can 
be synthesized around midday.15 

Depending on the angle of incidence, vitamin D cannot be synthesized in 
many regions during certain seasons. This phenomenon is also known as 
the “vitamin D winter”.46 Vitamin D synthesis in Germany is significantly 
affected by geographical latitude and seasonal variations. For example, in 
Berlin (Germany, 52.2 degrees North), vitamin D synthesis is limited between 
October and April due to insufficient UVB radiation during these months.47 

Ozone absorbs UVB, so in regions with higher ozone concentrations, less 
vitamin D is synthesized. Additionally, UVB can be absorbed, scattered 
or reflected by various substances during its journey through the Earth’s 
atmosphere, including oxygen and nitrogen, aerosols, water vapor and various 
pollutants.48 

A simple yet often overlooked reason for vitamin D deficiency is body 
coverage by clothing.48,49 Light, non-synthetic fibers like cotton and linen 
are less effective at blocking UV radiation compared to wool, silk, nylon and 
polyester.49 

When using sunscreen, vitamin D synthesis is either significantly reduced or 
does not occur at all.50 

Melanin absorbs electromagnetic radiation efficiently across the entire UV 
and visible light spectrum.50 Compared to individuals with lighter skin 
pigmentation, people with higher melanin concentrations (darker skin) 
require longer UV exposure to produce an equivalent amount of vitamin 
D.51 
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The levels of 7-dehydrocholesterol significantly impact cutaneous vitamin D3 
synthesis, which can be diminished in scar tissue, for instance.52 

Age  
The capacity of the skin to synthesize vitamin D diminishes with advancing 
age, which is likely attributable to a decline in the concentration of 
7-dehydrocholesterol.53 

Malabsorption  
Malabsorption, which can occur following bariatric surgery or in 
gastrointestinal disorders such as celiac disease or chronic pancreatitis, is a 
potential cause of vitamin D deficiency.54,55 

Obesity  
In our population, obesity is an increasing medical issue that can lead to 
vitamin D deficiency through several factors.56 

Due to social stigma and physical inactivity, obese individuals often spend 
less time outdoors, and when they do, they frequently cover their bodies with 
clothing.57 Vitamin D is fat-soluble and thus gets bound in excess body fat, 
leading to reduced availability in the body; another theory suggests that the 
prevalent inflammation in fat cells may hinder the metabolism, particularly 
the conversion to its active form.58 

Medications  
Certain medications, such as phenobarbital, phenytoin, carbamazepine, 
rifampicin, as well as corticosteroids and antiretroviral drugs, upregulate the 
enzyme CYP3A4, which leads to decreased levels of calcidiol and calcitriol, 
thereby impairing vitamin D metabolism and potentially contributing to 
vitamin D deficiency.59 

Kidney disease   
Changes in vitamin D metabolism in chronic kidney disease are multifactorial 
and complex.60 Two key changes are as follows. Firstly, a reduction in 
25-hydroxyvitamin D-1α-hydroxylase activity leads to decreased conversion 
of vitamin D into its active form, calcitriol.61 On the other hand, there 
is increased phosphate retention, which is a strong inhibitor of 
25-hydroxyvitamin D-1α-hydroxylase.62 The resulting hypocalcemia, due to 
reduced intestinal absorption, leads to an elevation in PTH levels, which in 
turn inhibits the activity of 25-hydroxyvitamin D-1α-hydroxylase.63 
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Table 1. Recommendations for vitamin D supplementation from various organizations. 

Regulatory Regulatory 
authorities authorities 

Vitamin D Vitamin D 
target level target level 

Daily vitamin D intake in IU for Daily vitamin D intake in IU for 
younger individuals younger individuals 

Daily vitamin D intake in IU for Daily vitamin D intake in IU for 
older individuals older individuals 

BAG 2012BAG 20125 50 nmol/l 600 IU (18–65 years old) 800 IU (over 65 years old) 

U.S. Endocrine Society U.S. Endocrine Society 
2011201171 70 nmol/l 600 IU (19–50 years old) 600–800 IU (over 50 years old) 

EFSA 2016EFSA 20168 50 nmol/l 600 IU 600 IU 

WHO-FAO 2004WHO-FAO 200472 200 IU 200 IU 

BAG, Swiss Federal Office for Public Health; EFSA, European Food Safety Authority; FAO, Food and Agriculture Organization; IU, International Units; 
WHO, World Health Organization.5,8,71,72 

Liver disease   
In cholestatic liver diseases, there is a reduction in the intestinal availability 
of bile acids, which consequently leads to impaired absorption of fat-soluble 
vitamins such as vitamin D.64 

In severe parenchymal liver diseases, there is both malabsorption of vitamin 
D and reduced capacity for its 25-hydroxylation, leading to a deficiency of 
25-hydroxyvitamin D.65 In the liver, the synthesis of vitamin D-binding 
protein (DBP), which serves as the primary transport protein for vitamin D, 
25-hydroxyvitamin D and 1,25-dihydroxyvitamin D in the bloodstream, plays 
a crucial role in extending the half-life of these compounds and facilitating 
their uptake into target tissues, and in severe liver diseases, a deficiency of 
DBP may occur.66 

Additional risk factors    
Vitamin D deficiency results from insufficient intake of vitamin D (such as 
in anorexia or malnutrition) or increased demand (such as in conditions like 
bone fractures, primary hyperparathyroidism, thyroid disorders, pregnancy/
lactation, chronic inflammation or tumors).67 There are also conditions that 
can accumulate multiple risk factors for vitamin D deficiency, such as poorly 
managed diabetes (which may involve limited sun exposure, impaired kidney 
function, inflammatory states and obesity) or smokers (who experience 
reduced endogenous production in the skin and absorption in the gut), and 
chronic inflammatory states can impair the activity of enzymes responsible 
for converting vitamin D into its active form.68 

Current guidelines for vitamin D supplementation       
Measurement of 25-hydroxyvitamin D (25-OH-D) is recommended for 
screening because, unlike 1,25-dihydroxyvitamin D, it has a longer half-life 
of 2-3 weeks and a higher concentration in the blood.69 Various institutions 
and professional societies have issued guidelines for maintenance doses of 
vitamin D (Table 1 ). However, specific recommendations for maintenance 
doses are often lacking for particular at-risk groups, and recommendations for 
deficiency situations tend to be generally formulated.70 
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BAG guidelines   
According to the most recent guidelines from the BAG in 2012, a serum 
vitamin D3 level below 10 ng/mL is classified as a severe deficiency. Levels 
below 20 ng/mL are considered deficient, and a level of 30 ng/mL is 
identified as the threshold for preventing fractures and falls in patients with 
osteoporosis, indicating vitamin D insufficiency.5 

Vitamin D3 levels should be measured in at-risk patients. Therefore, the BAG 
issued the following recommendations in 2021: individuals aged 3–60 years 
should have a daily intake of 600 International Units (IU) (15 µg), while 
those over 60 years should have a daily intake of 800 IU (20 µg). During 
the summer months (June to September), light-skinned individuals should 
be exposed to the sun for 10 min per day, while those with darker skin 
should aim for 20–60 minutes to achieve adequate vitamin D synthesis. It 
is preferable to sunbathe in the morning or afternoon and to avoid midday 
sun exposure.73 In winter, natural vitamin D synthesis is insufficient to meet 
needs, so it is recommended to consume vitamin D-rich foods or fortified 
products or to take vitamin D3 supplements. For individuals over 60 years of 
age, it is generally advised to use vitamin D3 supplements. Special risk groups, 
such as those with obesity, have an increased need for vitamin D.73 

In patients with malabsorption issues or after gastrectomy, the oral dosage 
and duration of therapy depend on the individual’s absorption capacity. High 
doses of vitamin D, ranging from 10,000 to 50,000 IU per day, may be 
necessary in certain cases.74 

Monitoring of vitamin D levels in the context of the above cases can only 
be billed a maximum of every 3 months.75 A reimbursement of 
25-hydroxyvitamin D testing is only possible with limitations for selected 
groups of patients (Table 2 ).76‑78 

Guidelines of the US Endocrine Society       
In 2011, the US Endocrine Society issued the latest guidelines regarding the 
measurement, threshold values and potential need for supplementation of 
vitamin D.71 It is recommended that patients with risk factors for vitamin 
D deficiency be screened, while routine measurement of vitamin D levels 
is not advised for all others. The recommended screening parameter is 
25-hydroxyvitamin D.79 A deficiency is defined as levels below 20 ng/ml, and 
insufficiency is defined as levels between 20–30 ng/ml. Adults aged 19–50 
require at least 600 IU/day of vitamin D as a maintenance dose. For those 
over 50 years of age, a dosage of 600–800 IU/day is recommended. To raise 
vitamin D levels, supplementation of 1500–2000 IU/day is advised. The daily 
supplementation should not exceed 4000 IU/day.44 
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Table 2. Selected groups of patients for whom reimbursement of 25-hydroxyvitamin D testing is possible through the basic health insurance 
in Switzerland.78 

Osteomalacia, rickets, osteopenia and osteoporosis 

Non-traumatic fracture 

After an unclear fall event in patients aged ≥65 years 

In patients aged ≥65 years with a history of increased fracture risk 

Kidney diseases, including urolithiasis 

Disorders of parathyroid hormone, calcium levels and/or phosphate levels 

Gastrointestinal diseases 

Malabsorption syndrome 

Liver diseases 

Medication use that affects vitamin D metabolism or its absorption 

European Food Safety Authority (EFSA) recommendation issued        
in 2016   
The EFSA panel recommends aiming for a target serum concentration of 
50 nmol/l of vitamin D.8 For adults, this corresponds to an intake of 
15 µg/day or 600 IU per day. The same thresholds and supplementation 
recommendations apply to pregnant and lactating women.80,81 

Recommendations of the World Health Organization (WHO)        
and the Food and Agriculture Organization (FAO)        
The joint FAO/WHO expert consultation on human vitamin and mineral 
requirements recommends an intake of only 200 IU per day (equivalent to 5 
µg) for all age groups, excluding children.73 

Recommendations for the Treatment of Special Constellations        
Management of Significant Deficiency (<20 ng/ml)       
In Switzerland, where specific formulations of vitamin D are widely 
accessible, managing significant vitamin D deficiency (<20 ng/ml) requires 
targeted strategies to rapidly normalize serum levels: 

• High-loading regimens : Administer a bolus dose of 
100,000–300,000 IU intramuscularly (i.m.)    at monthly 
or biannual intervals, depending on the severity of deficiency 
and patient-specific factors.76 

• Maintenance dosing : Transition to a personalized regimen 
of 800–1600 IU/day  or an equivalent weekly dose (e.g., 
10,000–14,000 IU ) to sustain adequate levels.71 
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Management of Secondary Hyperparathyroidism     
Secondary hyperparathyroidism, a laboratory constellation characterized by 
elevated parathyroid hormone (PTH) and low calcium levels due to vitamin 
D deficiency or inadequate calcium intake, requires an integrative approach: 

Mild Insufficiency (20–30 ng/ml)     
For patients with mild insufficiency, regular, lower-dose regimens may suffice: 

By recognizing and managing these distinct constellations, clinicians can 
align therapy with patient-specific needs, improving adherence and outcomes. 
These recommendations underscore the importance of an individualized, 
evidence-based approach that incorporates both high-dose substitution for 
severe deficiency and regular dosing for milder insufficiency. 

Conclusions  
Optimizing vitamin D levels presents a complex and evolving challenge in 
healthcare, including in Switzerland, where a significant proportion of the 
population suffers from insufficiency or deficiency. This issue is further 
complicated by recent policy changes that limit routine vitamin D testing, 
creating barriers for early detection and intervention. The disconnect between 
existing guidelines, the diverse needs of patients, and clinical practice 
highlights the need for a nuanced approach that considers individual risk 
factors, lifestyle, and local healthcare policies. 

• Monitoring: Conduct follow-up assessments every three 
months to evaluate response and adjust the maintenance dose 
as necessary. 

• Correction of deficiency  : Employ high-dose vitamin D 
therapy with bolus dosing, followed by maintenance regimens 
that address both calcium and vitamin D needs. 

• Monitoring and prevention  : Regularly monitor serum 
calcium, PTH, and phosphate levels to prevent complications 
such as hypercalcemia. Tailor dosing based on renal function, 
calcium-phosphate homeostasis, and individual therapeutic 
response.71,82 

• Dosing strategy : Daily supplementation of 600–800 IU/ 
day or a comparable weekly dose, coupled with dietary 
modifications and sun exposure recommendations.83 

• Periodic evaluation : Annual monitoring may be adequate 
for patients without additional risk factors.84 
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To overcome these challenges, it is essential to translate theoretical insights 
into actionable clinical practices. Personalized approaches to vitamin D 
testing, supplementation, and monitoring must account for demographic, 
environmental, and medical factors unique to each patient. In Switzerland, 
where specific formulations of vitamin D and calcium products are widely 
available, clinicians should tailor recommendations based on the actual 
vitamin D status of each patient. For individuals with significant deficiency 
(<20 ng/mL), high-dose substitution regimens, such as monthly or even 
biannual high-loading doses, may be appropriate to rapidly normalize levels. 
For those with mild insufficiency (20–30 ng/mL), lower, more regular dosing 
strategies may suffice. Furthermore, secondary hyperparathyroidism, a 
laboratory constellation characterized by elevated parathyroid hormone 
(PTH) and low calcium levels due to vitamin D deficiency or inadequate 
calcium intake, should be recognized and managed appropriately in clinical 
practice. 

Equipping clinicians with a comprehensive understanding of vitamin D 
physiology, current guidelines, and the implications of deficiency will foster 
informed decision-making and improve patient outcomes. Addressing these 
gaps in practice through clear, Switzerland-specific recommendations for 
testing and dosing regimens would not only enhance individual patient care 
but also contribute to broader public health goals. Ensuring that optimal 
vitamin D levels are achievable for diverse patient populations remains a 
critical priority. 
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