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Summary
AIMS: Vitamin D deficiency remains very common in the
general population. Adding to the importance of this issue
is the discovery that vitamin D plays a role in many other
tissues apart from the bone, including muscle, brain,
prostate, breast and colon. In this study, we investigated
the prevalence of vitamin D deficiency in a large group of
patients hospitalised in the cantonal hospital Basel-Country, and analysed the dependence of serum vitamin D concentrations on gender, time of the year and age.
METHODS: We retrospectively analysed anonymised data received from the central laboratory of the cantonal hospital Basel-Country. The pool of data contains values obtained between 2013 and 2017 from 8861 patients aged
between 18 and 102 years. If sequential measurements
were available from a patient, only the first was used
for the analyses. Vitamin D deficiency was defined as a
serum concentration of <50 nmol/l and severe deficiency
as <25 nmol/l. Vitamin D values between 50 and 75 nmol/l
are considered a grey zone. Optimal values are >75 nmol/
l.
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RESULTS: Mean ± standard deviation serum vitamin D
concentration was 52.5 ± 30.5 nmol/l, with women having
a higher mean of 55.5 ± 31.5 nmol/l as compared with
48.1 ± 28.6 nmol/l in men (p <10-5). Of the 8861 first
measurements taken within the observation period, 4527
(51%) were vitamin D deficient with levels <50 nmol/l, including 1860 (21.0%) with levels <25 nmol/l. There was
only a weak positive association of average vitamin D
levels with age (p = 0.06). Women reached peak concentrations of 56.9 ± 35.4 nmol/l in the age group 90–102
years, whereas men reached peaks of 50.3 ± 31.9 nmol/
l in 50–59-year-olds. Mean autumn and spring concentrations differed less (51.6 ± 29.6 vs 52.7 ± 30.7 nmol/
l, respectively, p = 0.38) than mean summer and winter
concentrations (57.1 ± 29.5 vs 48.0 ± 31.2 nmol/l, respectively, p <10-5).
CONCLUSIONS: Vitamin D deficiency was a common
finding in our cohort, affecting all age groups and occurring
in over half (51%) of the values measured. As current
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guidelines recommend vitamin D concentrations >75
nmol/l, only 22.1% of measured values indicated adequate
vitamin D levels. This issue should be addressed in order
to improve quality of life and reduce medical costs.

Introduction
Vitamin D deficiency has become a major, yet preventable,
health concern [1]. Sufficient serum levels are necessary
for proper bone metabolism and muscular function [2–4];
accordingly, elderly persons with hip fractures commonly
have vitamin D deficiency [5]. Fatigue, chronic pain and
many other conditions such as type 2 diabetes, parathyroid
disease, rheumatoid arthritis, polymyalgia, inflammatory
bowel disease, cardiovascular disease, hypertension, depression and even autism have been associated with vitamin D deficiency [6–17], but a causal relationship often
has not been established. Vitamin D deficiency has also
been linked with a higher mortality rate in malnourished
inpatients [18]. A recent large randomised controlled trial
reported a reduction in the incidence of advanced cancer
by vitamin D supplementation [19].
Although dietary intake plays a minor role in vitamin D
supply, insufficient exposure to sunlight represents the
main risk for deficiency by reducing the amount of ultraviolet B (UVB) radiation that reaches and penetrates the skin
[20–24].
Vitamin D3 (cholecalciferol), synthesised in the skin from
7-dehydrocholesterol under the influence of UVB, is hydroxylated to 25(OH)-vitamin D3 (calcidiol) in the liver
and to 1,25(OH)2-vitamin D3 (calcitriol, the active form)
in the kidney. Low blood calcium and phosphate concentrations, as well as parathyroid hormone (PTH), stimulate
the hydroxylation to calcitriol, which increases serum calcium and phosphate levels by promoting intestinal absorption and mobilisation from the bone. Sufficient blood calcium and phosphate concentrations are key for proper
skeletal mineralisation [20].
There is no consensus as to what serum concentration of
vitamin D defines deficiency. An Australian study found
that minimum effective serum levels were lower for skeletal than non-skeletal diseases. In that study, vitamin D3
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concentration as low as 25 nmol/l was associated with
a minimal risk for rickets and osteomalacia, whereas 50
nmol/l was necessary to prevent osteoporosis and fractures, 75 nmol/l to prevent premature mortality and depression, 80 nmol/l for prevention of diabetes and cardiovascular disease, 95 nmol/l to prevent falls and respiratory
infections and 100 nmol/l for cancer prevention [25]. The
Swiss Federal Commission for Nutrition defined serum
levels <25 nmol/l and 25–50 mmol/l as severely deficient
and deficient, respectively [26]. Target levels for the general population are >50 nmol/l, but individuals at risk should
have vitamin D concentrations >75 nmol/l for optimal
bone health and prevention of falls [26].

raphy coupled to tandem mass spectrometry (LC-MS/MS;
Thermo Fisher), using a kit from Chromsystems™,
München.

Our study aimed to examine the association of vitamin D
serum concentration with gender, time of the year and age
in a large inpatient population.

Effects of sex, age (in years), year and season on vitamin D
levels were assessed using multiple linear regression. Besides the exact date of the blood draws, these were the only available independent variables. Robust standard errors
were computed to adjust for heteroskedasticity of residuals. In a second step, potential interactions between sex and
age, sex and season, as well as between age and season
were tested. Differences in relative frequencies were assessed using Fisher’s exact test. Model comparisons were
performed using partial F-tests. Statistical significance was
defined as p <0.05. Statistical analyses were conducted using R, version 1.2.1335.

Materials and methods
The study was a retrospective analysis evaluating
anonymised data obtained from the central laboratory of
the cantonal hospital Basel-Country (KSBL). Blood samples were drawn from patients hospitalised between January 2013 and August 2017 in the surgical, medical and
geriatric departments of the KSBL at Liestal and Bruderholz. The decision to measure vitamin D levels remained
entirely at the discretion of the treating physicians, except
in the geriatric department, where vitamin D is routinely
measured in all patients upon hospitalisation. This study
included data from 8861 individuals between the ages of
18 and 102 years. Some patients had their serum vitamin D
determined more than once over the course of the study. In
these cases, only the first measurement was used for analysis. Our patient sample included 3848 males (43.4%) and
5013 females (56.6%). A total of 5536 (42.2%) vitamin
D measurements were taken from men and 7583 (57.8%)
from women.
The dataset included gender, age and time of the year when
the vitamin D sample was taken. Vitamin D measurements
were also stratified into eight age groups, as well as according to the month and season in which they were measured. Spring was defined as the period of April, May and
June; summer as July, August and September; autumn as
October, November and December; and winter as January,
February and March.
Serum 25(OH)-vitamin D3 concentrations (generally referred to as “vitamin D” in this paper) were measured in
the central laboratory of the KSBL using liquid chromatog-

In accordance with recommendations by the Swiss Federal
Commission for Nutrition [26], vitamin D deficiency was
defined as serum concentrations <50 nmol/l, and severe
deficiency as <25 nmol/l. Vitamin D levels were considered sufficient at >75 nmol/, as PTH is optimally suppressed at this concentration, leading to ideal bone and
muscle health. Values between 50 and 75 nmol/l represent
a grey area. Values <10 nmol/l were rounded up to 10
nmol/l and values >225 nmol/l were rounded down to 225
nmol/l.

Results
Overall characteristics and vitamin D by gender
An overview of the patients’ characteristics is shown in
table 1. The mean ± standard deviation (SD) age was 69.2
± 18.4 years, with females being slightly older than males.
The mean ± SD vitamin D serum concentration was 52.2
± 30.5 nmol/l, with women showing a higher mean of 55.5
± 31.5 nmol/l, compared with 48.1 ± 28.6 nmol/ in men (p
<10-5).
As shown in table 2, 4527 (51%) of the 8861 patients had
vitamin D levels <50 nmol/l, including 1860 (21.0%) with
levels <25 nmol/l. A total of 1959 (22%) had values >75
nmol/l, and 2375 (27%) were in the grey zone between 50
and 75 nmol/l. Among males, vitamin D levels <50 nmol/
l were seen in 57%, as compared with 47% in females (p
<0.001).

Vitamin D levels by age and gender
As shown in table 3, the highest mean ± SD vitamin D
concentration was found in the patients aged 90-102 years

Table 1: Patient characteristics and vitamin D concentrations according to gender.
Male

Female

Total

Mean age ± SD (years)

68.8 ± 17.2

69.5 ± 19.2

69.2 ± 18.4

Number of patients (%)

3848 (43.4)

5013 (56.6)

8861 (100)

Mean vitamin D level ± SD (nmol/l)

48.1 ± 28.6

55.5 ± 31.5

52.2 ± 30.5

44.0 (25.0–65.0)

52.0 (29.0–76.0)

49.0 (27.0–72.0)

Median vitamin D level (nmol/l) (IQR)
IQR = interquartile range; SD = standard deviation
Table 2: Distribution of vitamin D concentrations by gender.

Vitamin D levels
<25 nmol/l

25–49 nmol/l

50–75 nmol/L

>75 nmol/l

Total (%)

Male (%)

910 (23.6)

1280 (33.3)

1007 (26.2)

651 (16.9)

3848 (100)

Female (%)

950 (18.9)

1387 (27.7)

1368 (27.3)

1308 (26.1)

5013 (100)
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(53.6 ± 34.5 nmol/l), and the lowest in patients aged 30–39
years (50.6 ± 26.4 nmol/l). Women had higher mean vitamin D levels than men in each of the age groups, reaching a maximum value of 56.9 ± 35.4 nmol/l in the group
aged 90–102 and a minimum of 52.2 ± 31.9 nmol/l in the
group aged 50–59. The mean ± SD peak concentration in
men was 50.3 ±31.9 nmol/l in 50–59-year-olds, the lowest value of 44.1 ± 23.5 nmol/l was observed in the age
group 18–29. There was a positive, albeit not statistically
significant, association between vitamin D concentrations
and age (p = 0.06).

in summer (p <0.001) and winter (p <0.001), but not in
spring (p = 0.58) and autumn (p = 0.25). Patients younger
than 80 years had mean serum levels below 50 nmol/l during winter months, with a minimum mean concentration of
42.2 ± 25.3 nmol/l in 18–29-year-olds; only the age group
80–102 years had mean serum vitamin D concentrations
above 50 nmol/l in winter, reaching 54.6 ± 34.6 nmol/l
in the age group 90–102. Conversely, in summer patients
aged 18–49 had vitamin D levels above 60 nmol/l, with a
maximum of 64.2 ± 26.3 nmol/– in the age group 18–29,
whereas patients in the age groups 50–102 had mean vitamin D values below 60 nmol/l, with a minimum of 53.9 ±
29.4 nmol/l in patients aged 80–89.

Vitamin D levels by year, season and age
As seen in figure 1, mean ± standard error (SEM) vitamin
D concentrations over the whole observation period and
across all age groups were highest during the summer,
peaking at 60.0 ± 28.4 nmol/l in August. Figure 2 depicts
vitamin D levels according to season across age groups.
Mean ± SEM levels were 57.1 ± 29.5 nmol/l in the summer, 51.6 ± 29.6 nmol/l in the autumn, 48.0 ± 31.2 nmol/l
in the winter and 52.7 ± 30.7 nmol/l in the spring (p <10−5).
Analysis of seasonal differences showed that average vitamin D concentrations were similar in spring and autumn (p
= 0.38) across all age groups. Vitamin D levels were higher
in summer than in winter across all age groups (p <10-5).
Differences across age groups were statistically significant

We also analysed mean vitamin D levels for each year of
the observation period. As shown in table 4, values increased continuously from 2013 to 2017 from a mean value of 47.8 nmol/l (95% confidence interval [CI] 46–49.6)
in 2013 to 56.7 nmol/l (95% CI 55.1–58.4) in 2017.

Multivariable regression analysis
The results of the multivariable linear regression analysis
of the effects of sex, age, year and season on vitamin D levels are shown in table 5.

Table 3: Vitamin D concentrations by age groups and gender.
Age group

Mean ± standard deviation vitamin D levels (nmol/l)
Male

Female

Total

18–29 years

44.1 ± 23.5

54.4 ± 25.7

50.9 ± 25.4

30–39 years

45.8 ± 24.8

53.6 ± 27.0

50.6 ± 26.4

40–49 years

47.3 ± 27.8

55.1 ± 30.2

52.0 ± 29.4

50–59 years

50.3 ± 31.9

52.2 ± 31.9

51.3 ± 31.9

60–69 years

48.1 ± 29.6

55.8 ± 32.5

51.9 ± 31.2

70–79 years

48.9 ± 27.7

55.3 ± 30.6

52.3 ± 29.4

80–89 years

47.7 ± 28.0

56.5 ± 32.3

52.9 ± 30.9

90–102 years

46.6 ± 31.3

56.9 ± 35.4

53.6 ± 34.5

Figure 1: Vitamin D concentrations according to months. Error bars represent standard errors of the mean (SEM).
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Discussion
In our sample of 8861 first measurements in hospitalised
patients, only 22% were in the desired range of vitamin D
sufficiency (>75 nmol/l), a figure comparable to that found
in a population-based Swiss study [27]. Our findings are
not entirely in line with recent studies done in Switzerland,
which used the same cut-off values for vitamin D deficiency and sufficiency. One report of a Swiss rheumatology
outpatient population had a lower sufficiency rate (14%),
but also a lower rate of severe deficiency (7%) [28]. Another study including patients from Swiss primary care had

a sufficiency rate of 8.4%, a deficiency rate of 59.2% and
a severe deficiency rate of 12.3% [29]. The difference in
sufficiency rate could be attributed to the fact that, on average, patients in this study were 10 years older than in the
aforementioned reports (66.9 vs 52.6 and 55.0–56.7 years),
and one can assume that older patients are more likely to
receive vitamin D supplements. The high rate of severe vitamin D deficiency in our sample might result from measurements being made year-round, which was not done in
the above-mentioned studies. Additionally, in non-geriatric
patients, vitamin D measurements could have been moti-

Figure 2: Mean concentrations of vitamin D by age group and season. Error bars represent standard errors of the mean (SEM).

Table 4: Vitamin D concentrations according to year.
Year

Mean Vitamin D level (nmol/l)

95% confidence interval

2013

47.8

46–49.6

2014

48.3

47–49.6

2015

53.3

52.1–54.6

2016

53.6

52.4–54.8

2017

56.7

55.1–58.4

Mean values were adjusted for differences in the distribution of age, gender and season across years.
Table 5: Results of multivariable linear regression model of Vitamin D level as a function of subject’s age, sex and year and season of measurement.
N = 8861

Effect estimate

Intercept*

50.77038

Sex

Women
Men

Age
Year

Season

95% confidence interval

p-value

48.49

53.05066

<0.0001

−7.459619

−8.6998

−6.219397

<0.0001

0.0312929

−0.0009

0.0634636

0.06

0

2013

0

2014

0.4794427

−1.7686

2.727496

0.68

2015

5.524834

3.3343

7.715413

<0.0001

2016

5.77482

3.5973

7.952372

<0.0001

2017

8.922963

6.3913

11.4546

<0.0001
<0.0001

Apr–June

0

Jul–Sep

5.913223

4.125

7.701424

Oct–Dec

0.8211778

−1.0219

2.664207

0.38

Jan–Mar

−4.71372

−6.4547

−2.972704

<0.0001

* Estimate for 70-year-old women measured in Apr–Jun 2013
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vated by clinical factors such as comorbidities or signs of
malnutrition, potentially introducing a selection bias.
In our study population, women had higher mean serum vitamin D concentrations than men. It is known that gender
plays a significant role in vitamin D concentrations, but
with female sex being associated with lower levels, as
shown in a worldwide review from 2009 [30]. A possible
explanation for this unexpected difference is that women
in our sample were more likely to receive supplementation
earlier in their life than men for two main reasons: first,
as recommended by the Central European guidelines for
the supplementation of vitamin D [31], women are encouraged to maintain adequate vitamin D intake before and
during pregnancy to prevent pregnancy and fetal development complications; and second, as shown in a review by
the European Society for Clinical and Economic Aspects
of Osteoporosis and Osteoarthritis (ESCEO) [32], postmenopausal women are at a high risk of developing osteoporosis and adequate vitamin D supplementation at levels
<50 nmol/l is necessary for risk reduction. This may, in
turn, lead to women receiving vitamin D supplementation
at an earlier age than men, who are less at risk for osteoporosis. However, why this reasoning should not apply to
females in other areas is unclear.
Another unexpected finding of our study was the very minimal fluctuation of vitamin D concentrations across different age groups. Even more surprising was that the mean
vitamin D level was highest among patients aged 90–102
years (53.6 nmol/l). Several studies have shown that old
age is associated with lower vitamin D levels, in part because of the decreased capacity of ageing skin to produce
vitamin D3 [21] and because older people tend to spend
less time in direct sunlight [5]. The most likely explanation for our results is that elderly people in our highly
medicalised region are more likely to receive vitamin D
supplementation than persons living elsewhere. Similarly,
increased awareness of vitamin D deficiency among physicians and the general population might also explain our
observation that mean levels increased steadily over the
5-year observation period.
As expected, vitamin D levels were at their minimum during winter months, since lower serum concentrations are
associated with circumstances leading to decreased skin
exposure to UVB [22]. Spring and autumn had similar
mean concentrations of 52.7 ± 30.7 nmol/l and 51.7 ± 29.6
nmol/l, respectively, with summer having the highest mean
value at 57.1 ± 29.5 nmol/l.

vitamin D levels nevertheless remain lower than recommended in current guidelines. Vitamin D supplementation
guidelines from 2017 recommend target concentrations
>75 nmol/l, preferably in the range of 100–150 nmol/l, especially when the non-musculoskeletal effects of vitamin
D are taken into account [33]. Recommended therapeutic
doses for a treatment lasting between 1 and 3 months for
adults and the elderly with vitamin D concentrations <50
nmol/l are 7000–10,000 IU/day followed by a maintenance
dose, which is significantly higher than the amounts recommended by the Swiss Federal Commission for Nutrition
[26, 31]. The Central European guidelines additionally recommend vitamin D supplementation of 800–2000 IU/day
in the general population for adults aged 18–64 years between September and April and for the elderly (>65 years)
throughout the whole year [31].
Strengths and limitations
Our study has several strengths and limitations. Our cohort
comprises a large inpatient population across a wide age
range, offering valuable information about the current
prevalence of vitamin D deficiency.
The main limitation is that only the influence of age, gender and season on vitamin D levels could be investigated.
We had no information on the motivation of treating physicians to measure vitamin D levels; thus, the patient sample
was not unselected, except for the geriatric population,
where measurements are routinely performed in all patients. As opposed to comprehensive population-based
studies [27], information on medical history, vitamin D
supplementation status, comorbidities, life-style, body
mass index, or menopausal status was lacking. If these additional factors could have been included in the regression models, the interpretation of our data would have been
more precise. Also, because this study only includes hospitalised patients, it is unclear how well the results apply to
the general population.
Conclusion
Vitamin D deficiency is a common finding in hospitalised
patients, affecting all age groups. Over half (51%) of the
values measured were below 50 nmol/l, reflecting a high
prevalence of vitamin D deficiency. Only 22.1% of measurements showed recommended target values >75 nmol/l.
Adherence to national and international guidelines on vitamin D supplementation may help improve overall quality
of life and reduce medical costs [26, 33].

Our results show that older patients had less fluctuation
in mean serum vitamin D concentrations over the course
of the year than younger individuals. Weaker fluctuation
in the older population could be explained by vitamin D
substitution given throughout the whole year. Also, elderly
and frail persons tend to stay indoor irrespective of the
season. A possible explanation for the drop in vitamin D
levels in autumn is that patients receive less supplementation after the summer, when exposure to sunlight is still
deemed sufficient to reach adequate levels. Once concentrations begin to drop in the autumn, supplementation is
restarted, which would explain the rise of vitamin D values
in winter.
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