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Purpose: Several medications are known to cause vitamin D deficiency. The aim of this study
is to describe vitamin D testing and supplementation in patients using these “risk medications”,
thereby assessing adherence to medical guidelines.
Patients and methods: A database with electronic health records for the population in a
Swedish County (≈240,000 inhabitants) was screened for patients prescribed the pre-defined
“risk medications” during a 2-year period (2014–2015). In total, 12,194 patients were prescribed
“risk medications” pertaining to one of the three included pharmaceutical groups. Vitamin D
testing and concomitant vitamin D supplementation, including differences between the included
pharmaceutical groups, was explored by matching personal identification numbers.
Results: Corticosteroids were prescribed to 10,003 of the patients, antiepileptic drugs to 1,101,
and drugs mainly reducing vitamin D uptake to 864. Two hundred twenty-six patients were
prescribed >1 “risk medication”. Seven hundred eighty-seven patients (6.5%) had been tested
during the 2-year period. There were no differences regarding testing frequency between groups.
Concomitant supplements were prescribed to 3,911 patients (32.1%). It was more common to
be prescribed supplements when treated with corticosteroids. Vitamin D supplementation was
more common among tested patients in all three groups. Women were tested and supplemented
to a higher extent. The mean vitamin D level was 69 nmol/L. Vitamin D deficiency was found
in 24.1% of tested patients, while 41.3% had optimal levels. It was less common to be deficient
and more common to have optimal levels among patients prescribed corticosteroids.
Conclusion: Adherence to medical guidelines comprising testing and supplementation of
patients prescribed drugs causing vitamin D deficiency needs improvement in Sweden.
Keywords: drug-induced vitamin D deficiency, medication risk management, big data, electronic
health records, vitamin D, precision medicine
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Less than a decade ago, vitamin D levels were for the first time associated with allcause mortality in the Nordic countries.1 Ever since, there has been a strong interest
in exploring risk factors associated with low levels of vitamin D. Several recent crosssectional studies have described the correlation between prescribed medications and
vitamin D deficiency. In these studies, the number of prescribed drugs, as well as the
use of certain pharmaceutical groups/substances, was associated with low levels of
vitamin D.2–4
A decrease in intestinal uptake of vitamin D5 and an induction of hepatic enzymes
which transform vitamin D into inactive metabolites6 are examples of pharmacological mechanisms involved in this direct adverse drug reaction. Furthermore, indirect
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interactions where drugs counteract the effects of vitamin
D are described.7
Nordic medical guidelines,8 as well as medical decision
support systems,9,10 emphasize the risk of vitamin D deficiency when prescribing these types of “risk medications”
and suggest monitoring by testing for vitamin D and/or prescribing vitamin D supplements. These guidelines, published
by national medical authorities,8 as well as guidelines developed within health care,9 together with the recommendations
in decision support systems10 all derive from peer-reviewed
articles on “risk medication” as well as from international
guidelines on management of vitamin D deficiency.7,11
Reports on adherence to these risk management recommendations are, however, very sparse. Data for the number
of patients prescribed the various “risk medications” can be
provided by the health care authorities,12 whereas data for
the number of vitamin D tests performed by laboratories
and the vitamin D results/levels can be provided by Clinical
Chemistry departments. Pharmacy sales figures on supplementation therapy can provide some information on the
volume of vitamin D used in a population. This information
could serve as a foundation for estimating the adherence to
the guidelines, but the various data sources lack coupling.
To our knowledge, connecting prescriptions with testing, test
results, and supplementation in this field of medicine has not
been previously performed.
In this paper, a big data approach on an electronic health
record (EHR) system in a Swedish County is used to determine the frequency of testing for vitamin D and the concomitant use of supplementation therapy, thereby assessing
adherence to medical risk management guidelines.

Material and methods
Study design
A population-based cross-sectional study matching prescription of “risk medication” with supplementation, laboratory
analyses, and test results.

Study population

Included “risk medications” and supplements
Pharmaceutical substances listed as “drugs causing vitamin
D deficiency”, in a commonly used medical decision-support
website in Sweden,9 was defined as “risk medications”. The
following pharmaceutical substances were thus considered to
be “risk medications” (ATC-code): prednisolone (H02AB06),
prednisone (H02AB07), phenytoin (N03AB02), phenobarbital (N03AA02), carbamazepine (N03AF01), cholestyramine
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(C10AC01), colestipol (C10AC02), sevelamer (V03AE02),
orlistat (A08AB01), and efavirenz (J05AG03).
The substances were allocated to one of three pharmaceutical groups. The first group (C) included the corticosteroids (prednisolone and prednisone), the second group (A)
included the antiepileptic drugs (phenytoin, phenobarbital,
and carbamazepine), and the third group (O) included the
other substances (cholestyramine, colestipol, sevelamer,
orlistat, and efavirenz). The first two groups mainly induce
liver enzymes, whereas the third group mainly reduces the
uptake of vitamin D from the gut.7
The following pharmaceutical substances were regarded
as vitamin D supplementation (ATC-code): dihydrotachysterol (A11CC02), alfacalcidol (A11CC03), calcitriol
(A11CC04), cholecalciferol (A11CC05), oral vitamin D
drops, (A11CC), a combination of vitamins including vitamin
D (A11JB), and a combination of calcium and cholecalciferol
(A12AX).

Vitamin D testing
Vitamin D status was assessed by using total serum
25-hydroxyvitamin D (25-OH-vitamin D2 + 25-OH-vitamin
D3), which was measured by tandem mass spectrometry (LCMS/MS) using the API 4000 instrument with an atmospheric
pressure chemical ionization source (AB Sciex, Concord, ON,
Canada) and Prominence UFLC (Shimadzu, Kyoto, Japan).
The calibrators used were traceable to the National Institute
of Standards and Technology, standard reference material
972a, vitamin D in human serum.
The laboratory participated among other laboratories
(n=997, April 2014) in the vitamin D external quality assessment scheme and was within ±1 SD of the target value and
method mean (LC-MS/MS) during the study period. The
laboratory met the criteria for a proficiency certificate available to successful participants.
The prevalence of vitamin D deficiency depends on the
cutoff point used. The American Endocrine Society Clinical
Practice Guideline, published in 2011, was used and defined
the optimal vitamin D level as a level of 25(OH)D>75
nmol/L. Vitamin D insufficiency was set at a 25(OH)D level
between 50 and 75 nmol/L, while vitamin D deficiency was
defined as a 25(OH)D level <50 nmol/L. Highly deficient
status was set at a 25(OH)D level <25 nmol/L.

Included patients and data
Patients having an active prescription of at least one of the
predefined “risk medications” at any time between January
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1, 2014 and December 31, 2015 were collected by screening a database consisting of data from >200,000 subjects
in Kalmar County, an urban and rural area in southeastern
Sweden with a population of ~240,000. Medical data were
transferred from CAMBIO COSMIC (the EHR system) to a
separate data storage file, and SAP Business Objects screened
this file. The screening was performed on January 1, 2016.
Data for concomitant supplementation (having an active
prescription of at least one of the predefined supplements
during the same time period as above), testing for vitamin D
(any time during the same period), and levels of vitamin D
were collected by matching personal identity numbers.

Ethical approval
The study was approved by the Regional Ethical Review
Board of Linköping University linked to a study on vitamin D
status among elderly people in Kalmar County (dnr 2013/40431). Due to the nature of this study with >200,000 subjects
screened, it was not possible to obtain informed consent statements. The data accessed were maintained with confidentiality.

Statistics
The results for variables are presented as the mean (SD),
the median (range), and for categorical variables as counts
(%). Differences in frequencies between pharmaceutical risk
groups as well as differences between genders, vitamin D supplementation, or testing of vitamin D levels were corrected for
age (and gender if applicable) using logistic regression and
differences between vitamin D levels were likewise age- and
gender-adjusted and assessed using analysis of covariance.
Statistical analyses were performed using Statistica (version
12, StatSoft®, Tulsa, OK, USA), and P-values <0.05 in the
inference statistics were considered statistically significant.

Results
Characteristics of included patients
In Table 1, characteristics of patients in Kalmar County, prescribed at least one of the predefined “risk medications” in
the EHR system CAMBIO COSMIC during the period from
January 1, 2014 to December 1, 2015, are presented. A vast
majority (10,003 of 12,194) of the patients were prescribed
corticosteroids (prednisolone or prednisone) (group C), 1,101
patients were prescribed one of the antiepileptic substances
(phenytoin, phenobarbital, or carbamazepine) (group A), and
864 patients were treated with one of the other included “risk
medicines” (cholestyramine, colestipol, sevelamer, orlistat, or
efavirenz) (group O). Two hundred twenty-six patients were
prescribed a combination of several “risk medications” during
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the period (group Comb). The median age of the included
patients was 66 years (0–100), and almost one in two patients
were males (46 %).

Vitamin D testing in patients prescribed
“risk medication”
In Table 2, the 787 patients (6.5% of the included patients)
tested for vitamin D levels during the period are described.
Figure 1A displays age-adjusted testing proportions with
regards to gender and pharmaceutical group. It was generally more common among women than among men to have
been tested (P<0.001). This difference was seen in two of
the pharmaceutical groups, C and A (P<0.001 and P<0.001,
respectively). In the O group, there were no differences
regarding testing (P=0.09).
There were no differences in testing proportions in general when comparing pharmaceutical groups (P=0.18) (C vs
A, P=0.56, C vs O, P=0.56, A vs O, P=0.48) (Table 1 and
Figure 1A) and no differences between the groups regarding testing month was seen (not shown; Kruskal–Wallis
ANOVA 0.73).

Concomitant vitamin D supplementation
There were 3,911 (32.1%) patients in total with a prescription
of vitamin D supplement during the same time period (Table
1). Figure 1B displays age-adjusted supplementation proportions with regards to gender and pharmaceutical group. It was
generally more common among women than among men to
have been prescribed supplements (P<0.001). This difference was seen in two of the pharmaceutical groups, C and A
(P<0.001 and P<0.001, respectively). In the O group, there
were no differences regarding supplementation (P=0.91).
Differences were seen in supplementation proportions
with regards to pharmaceutical groups (P<0.001). It was more
common to be on concomitant supplementation in group C
compared to group O (P<0.001) and least common in group
A (P<0.001) (Table 1 and Figure 1B).
Figure 1C presents age- and gender-adjusted vitamin D
supplementation proportions with regard to pharmaceutical
risk group and vitamin D testing. Supplementation was more
common among tested patients in general (P<0.001). This
was evident in all three groups (C, P<0.001, A, P<0.001,
and O, P<0.001). The same pattern regarding differences in
supplementation proportions between pharmaceutical groups
(C>O>A) was found among the subgroup of patients tested
for vitamin D (P<0.001) as in the entire patient population.
Figure 2 summarizes testing and supplementation on a
general level in the risk group.
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Table 1 Characteristics of 12,194 patients in Kalmar County prescribed (2014–2015) medication causing vitamin D deficiency and the
adherence to medical risk management (concomitant vitamin D testing and supplementation) guidelines per pharmaceutical risk group

Drug, Healthcare and Patient Safety downloaded from https://www.dovepress.com/ by 18.208.126.130 on 12-Jul-2020
For personal use only.

Pharmaceutical group
Parameters
N
Age (years)
Mean (SD)
Median (range)
Gender (n; %)
Males
Females
Vitamin D supplement (n; %)
Yes
No
Vitamin D testing (n; %)
Yes
No
Risk medication (ATC code; n; %)
Glucocorticoids
Prednisolone (H02AB06)
Prednisone (H02AB07)
Antiepileptics
Phenytoin (N03AB02)
Phenobarbital (N03AA02)
Carbamazepine (N03AF01)
Others
Cholestyramine (C10AC01)
Colestipol (C10AC02)
Sevelamer (V03AE02)
Orlistat (A08AB01)
Efavirenz (J05AG03)

A

O

Combination

Total

10,003

1,101

864

226

12,194

63.1 (18.4)
67 (0.6–100)

54.5 (22.0)
58 (0.0–98)

54.3 (16.8)
55 (11–95)

61.0 (16.2)
63 (3–95)

61.7 (18.9)
66 (0.0–100)

4,600 (46)
5,403 (54)

604 (55)
497 (45)

330 (38)
534 (62)

106 (47)
120 (53)

5,640 (46)
6,554 (54)

3,561 (35.6)
6,442 (64.4)

87 (7.9)
1,014 (92.1)

165 (19.1)
699 (80.9)

98 (43.4)
128 (56.6)

3,911 (32.1)
8,283 (67.9)

651 (6.5)
9,352 (93.5)

57 (5.2)
1,044 (94.8)

57 (6.6)
807 (93.4)

22 (9.7)
204 (90.3)

787 (6.5)
11,407 (93.5)

9,951 (99.5)
52 (0.5)

0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)

94 (41.6)
0 (0.0)

10,045 (82.4)
52 (0.4)

0 (0.0)
0 (0.0)
0 (0.0)

88 (8.0)
54 (4.9)
959 (87.1)

0 (0.0)
0 (0.0)
0 (0.0)

1 (0.4)
2 (0.9)
15 (6.6)

89 (0.7)
56 (0.5)
974 (8.0)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

416 (48.1)
44 (5.1)
99 (11.5)
292 (33.8)
13 (1.5)

62 (27.4)
8 (3.5)
11 (4.9)
33 (14.6)
0 (0.0)

478 (3.9)
52 (0.4)
110 (0.9)
325 (2.7)
13 (0.1)

Vitamin D levels in patients prescribed
“risk medication”
In Table 2, the vitamin D levels/status among the tested
patients are presented. Seven patients (of 787 patients tested
for vitamin D levels) were excluded in the statistical analysis
of vitamin D results due to missing/inconclusive test results.
The mean and median serum levels of 25(OH)D were 69.7
and 69.0 nmol/L, respectively. In patients without concomitant vitamin D supplementation, the mean and median levels
of 25(OH)D were 67.3 and 67.0 nmol/L, respectively.
When analyzing the levels of vitamin D related to testing
month in the patient group (780 test results), the highest mean
level, 80 nM/L, was found in August, and the lowest mean
value being 62 nM/L was measured in March.
In Figure 1D, age- and gender-adjusted mean vitamin D
levels, with regards to supplementation and pharmaceutical
group, are presented. No general differences in vitamin D levels regarding supplementation were seen (P=0.18). Further,
no differences were observed in either of the pharmaceutical
22
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risk groups (C, P=0.076, A, P=0.082, and O, P=0.316) with
regards to supplementation.
When comparing the age- and gender-adjusted mean
levels of 25(OH)D between the three pharmaceutical groups
(regardless of supplementation), it was found that the level
was higher among patients with corticosteroids (C) than those
with antiepileptic drugs (A) (P=0.001). There were no other
differences when comparing pharmaceutical groups (C vs
O, P=0.137, and A vs O, P=0.244) (Table 2 and Figure 1D).

Vitamin D status in patients prescribed
“risk medication”
In total, 187 (29+158) patients (24.1%) of those tested were
vitamin D deficient (25(OH)D levels <50 nmol/L) (Table 2).
When, as in Figure 1E, comparing the age- and genderadjusted proportions of patients with vitamin D deficiency,
no differences were found with regard to concomitant
supplementation in general (P=0.91). Further, no differences were observed in either of the pharmaceutical risk
Drug, Healthcare and Patient Safety 2019:11
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Table 2 Characteristics (including vitamin D levels/status) of 787 patients tested for vitamin D (2014–2015) among patients prescribed
medication causing vitamin D deficiency, with or without concomitant vitamin D supplement in Kalmar County

Drug, Healthcare and Patient Safety downloaded from https://www.dovepress.com/ by 18.208.126.130 on 12-Jul-2020
For personal use only.

Pharmaceutical group
Parameters
N
Age (years)
Mean (SD)
Median (range)
Gender (n; %)
Males
Females
Supplement
Yes
No
Calcidiol (vitamin D) (nmol/L)
With supplement
Mean (SD)
Median (range)
No supplement
Mean (SD)
Median (range)
Total
Mean (SD)
Median (range)
Calcidiol (vitamin D) (nmol/L)
With supplement (n; %)
<25
25–49.9
50–74.9
≥75
Missing
No supplement (n; %)
<25
25–49.9
50–74.9
≥75
Missing
Total (n; %)
<25
25–49.9
50–74.9
≥75
Missing

C

A

O

Combination

Total

651

57

57

22

787

65.3 (19.4)
70 (1.7–100)

58.3 (23.1)
64 (0.0–89)

55.6 (18.5)
56 (18–83)

61.0 (16.2)
63 (37–95)

64.0 (19.7)
68 (0.0–100)

205 (31)
446 (69)

17 (30)
40 (70)

16 (28)
41 (72)

7 (32)
15 (68)

245 (31)
542 (69)

387 (59.4)
264 (40.6)

26 (45.6)
31 (54.4)

27 (47.4)
30 (52.6)

11 (50.0)
11 (50.0)

451 (57.3)
336 (42.7)

73.4 (27.9)
73 (5.5–165)

51.9 (25.5)
60 (5.0–106)

68.3 (28.7)
74 (7.4–114)

53.7 (34.3)
40 (11.3–112)

71.4 (28.5)
72 (5.0–165)

68.3 (24.9)
69 (13.8–183)

64.1 (27.8)
66 (15.4–138)

62.7 (27.9)
60 (13.2–131)

65.4 (21.3)
62 (36.0–100)

67.3 (25.3)
67 (13.2–183)

71.4 (26.8)
71 (5.5–183)

58.6 (27.2)
64 (5.0–138)

65.4 (28.2)
65 (7.4–131)

59.5 (28.5)
58 (11.3–112)

69.7 (27.2)
69 (5.0–183)

9 (2.3)
74 (19.1)
116 (30.0)
183 (47.3)
5 (1.3)

5 (19.2)
4 (15.4)
15 (57.7)
2 (7.7)
0 (0.0)

1 (3.7)
8 (29.6)
5 (18.5)
13 (48.1)
0 (0.0)

2 (18.2)
4 (36.4)
2 (18.2)
3 (27.3)
0 (0.0)

17 (3.8)
90 (20.0)
138 (30.6)
201 (44.6)
5 (1.1)

8 (3.0)
50 (18.9)
104 (39.4)
100 (37.9)
2 (0.8)

2 (6.5)
8 (25.8)
12 (38.7)
9 (29.0)
0 (0.0)

2 (6.7)
8 (26.7)
12 (40.0)
8 (26.7)
0 (0.0)

0 (0.0)
2 (18.2)
5 (45.5)
4 (36.4)
0 (0.0)

12 (3.6)
68 (20.2)
133 (39.6)
121 (36.0)
2 (0.6)

17 (2.6)
124 (19.0)
220 (33.8)
283 (43.5)
7 (1.1)

7 (12.3)
12 (21.1)
27 (47.4)
11 (19.3)
0 (0.0)

3 (5.3)
16 (28.1)
17 (29.8)
21 (36.8)
0 (0.0)

2 (9.1)
6 (27.3)
7 (31.8)
7 (31.8)
0 (0.0)

29 (3.7)
158 (20.1)
271 (34.4)
322 (40.9)
7 (0.9)

groups (C, P=0.74, A, P=0.78, and O, P=0.96) with regards
to supplementation.
When comparing the age- and gender-adjusted proportions of deficient patients in the pharmaceutical groups
(regardless of supplementation), results showed that it was
less common to be deficient among patients with corticosteroids (C) than among patients prescribed other medications
(O) (P=0.035) and borderline significant (P=0.058) compared
to patients with antiepileptic drugs (A).

Drug, Healthcare and Patient Safety 2019:11

When instead focusing on patients with optimal vitamin
D levels, it was found that 322 patients (41.3%) had levels
>75 nmol/L (Table 2). As shown in Figure 1F, the age- and
gender-adjusted proportions of patients having optimal levels
were compared. Here, a difference was found with regard to
concomitant supplementation in general (P=0.033), powered
by a difference in group C (P=0.028). No other differences
were observed (A, P=0.068 and O, P=0.089) with regards
to supplementation.
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A

B

0.08
0.06
0.04
0.02

Female
Male
C

A

0.5

0.4

0.3

0.2

0.1

Female
Male

0.0

O

C

Pharmaceutical group

A

O

Vitamin D <50 nmol/L (adjusted for age and gender)

80

P=0.082

P=0.316

70
60
50
40
30
20
No supplementation
Supplementation

10
0

C

A

0.6
0.5
0.4
0.3
0.2
0.1

Not tested
Tested

0.0

C

A

0.8
P=0.74

P=0.78

P=0.96

0.6
0.5
0.4
0.3
0.2
0.1

No supplementation
Supplementation

0.0

O

O

F
0.7

P=0.076

P<0.001

Pharmaceutical group

E
90

P<0.001

P<0.001
0.7

Pharmaceutical group

D
Vitamin D level (nmol/L; adjusted for age and gender)

P=0.91

C

Pharmaceutical group

A

Vitamin D >75 nmol/L (adjusted for age and gender)

Vitamin D testing (adjusted for age)

0.10

P<0.001

Vitamin D supplementation (adjusted for age and gender)

P<0.001

0.12

0.00

0.8

P=0.09

P<0.001

Vitamin D supplementation (adjusted for age)

P<0.001
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C
0.6

0.14

P=0.028

P=0.089

0.6
0.5
0.4
0.3
0.2
No supplementation
Supplementation

0.1
0.0

O

P=0.068

0.7

C

A

O

Pharmaceutical group

Pharmaceutical group

Figure 1 (A) Age-adjusted proportions of vitamin D testing with regards to gender and pharmaceutical risk group. (B) Age-adjusted proportions of vitamin D supplementation
with regards to gender and pharmaceutical risk group. (C) Age- and gender-adjusted proportions of supplementation with regards to testing and pharmaceutical risk group.
(D) Age- and gender-adjusted mean vitamin D levels with regards to supplementation and pharmaceutical risk group. (E) Age- and gender-adjusted proportions of patients
with vitamin D deficiency (<50 nmol/L) with regards to supplementation and pharmaceutical risk group. (F) Age- and gender-adjusted proportions of patients with optimal
vitamin D levels (>75 nmol/L) with regards to supplementation and pharmaceutical risk group.

Patients in database
n≈240,000 (100%)

Patients with
“risk medication”

Patients without “risk
medication”

n=12,194 (5.1%)

n≈228,000 (94.9%)

Patients not tested

Patients tested for vitamin D status
n=787 (6.5%)

Patients without
vitamin D supplement
n=336 (42.7%)

n=11,407 (93.5%)

Patients with
vitamin D supplement

Patients with
vitamin D supplement

Patients without
vitamin D supplement

n=451 (57.3%)

n=3,460 (30.3%)

n=7,947 (69.7%)

Figure 2 Flow chart describing the prevalence of patients prescribed “risk medication” (2014–2015), the concomitant testing, and supplementation of vitamin D in Kalmar
County.
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When comparing the age- and gender-adjusted proportions of patients with optimal levels in the pharmaceutical
groups (regardless of supplementation), the results displayed
that it was more common among patients with corticosteroids
(C) than among patients prescribed antiepileptic drugs (A)
(P<0.001). Further, it was more common to have optimal
levels among patients with other medications (O) compared
to patients prescribed antiepileptic drugs (A) (P=0.039).
There was no difference in proportion of patients with optimal levels of vitamin D between group C and O (P=0.348).

Discussion
There is an ongoing debate among physicians in Sweden
as to when to test for vitamin D and when to treat with
supplementation.13 Nordic guidelines dissuade from general
screening. Instead, testing among risk groups is suggested.
Patients prescribed “risk medication” (all of the pharmaceutical substances included in the present study) comprise
one of those risk groups.9 Clinical Chemistry laboratories
also state that use of “risk medications” motivates vitamin
D testing.10,14,15
The present study showed that the adherence to the
guidelines regarding testing was poor, as only a very small
proportion of patients prescribed “risk medication” were
tested for vitamin D. There were no differences between the
pharmaceutical groups regarding testing in the present study.
One can assume that patients with a vitamin D deficiency
benefit more from supplementation than patients with nearnormal levels. In order to determine which patients suffer
from deficiency, patients have to be tested. In the present
study, tested patients were more often prescribed supplements. Valmadrid et al also found that neurologists who
tested for vitamin D more often were more likely to prescribe
supplements as well.16
In the present study, less than half of the patients had
optimal levels of vitamin D, stressing that supplementation
is underutilized among tested patients. These results are in
line with a previous Swedish study by Kallner.13
The mean vitamin D levels were close to optimal level
(69.4 nM) in the present study. This has to be interpreted
with caution, as only a small fraction of patients were tested.
Even though the mean level appears satisfactory, a quite
large portion of patients in the current risk group were in
fact vitamin D deficient. This will never be acknowledged
if patients are not tested.
As for the guideline recommendation regarding concomitant prescription of vitamin D supplements, the proportion of
patients prescribed vitamin D supplement in the present study
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was relatively low, even though differences between pharmaceutical groups were displayed. Thus, for the population in
the present study, it was more common to be supplemented
when having been prescribed corticosteroids.
In general, the associations between vitamin D-levels/
status and supplementation were weak in the present study.
The mean levels did not differ, nor did the proportion of
patients being vitamin D deficient. This could be the result
of testing or treatment bias. Vitamin D supplementation was,
however, associated with patients having optimal levels of
vitamin D in the present study.
Vitamin D fortification in food has recently been reviewed
pointing out a gap between nutritional guidelines and the
prevalence of vitamin D deficiency in the general population.17 When determining the dietary reference values for
vitamin D, 37 of the 65 studies that formed the knowledge
base excluded patients prescribed “risk medication”.18
The main focus of treating vitamin D deficiency still
seems to be bone health, ie, to avoid osteoporosis and fractures even though numerous studies on vitamin D levels and
nonclassical effects, eg, effects on the immune system of
vitamin D, have been published in recent years.19–21
It is well known that women are more likely to develop
osteoporosis and contract low energy fractures.11,22 This could
explain the fact that it was more common for women to be
tested and supplemented in the present study. Age is regarded
as a risk factor for vitamin D deficiency and older patients
may require higher dosage of vitamin D to prevent fractures.23
The results on testing, supplementation, and vitamin D levels/
status were adjusted with regards to gender and age in order
to avoid such biases in the present study.
Drug-induced osteoporosis and vitamin D deficiency is
not a recent discovery. The effects of bone health on corticosteroids was first described in the early 1930s.24 Since then,
the mechanisms involved have been extensively explored,
resulting in a cascade of effects on calcium homeostasis, as
well as effects on osteoblasts, sex hormones, and bone.7,25,26
These effects counteract the effect of vitamin D. Furthermore,
some corticosteroids have a more direct effect on vitamin D,
by inducing catabolic enzymes which metabolize vitamin D
leading to lower levels of vitamin D.7,27 Recommendations
of concomitant vitamin D (and calcium) supplementation
in international clinical guidelines for preventing glucocorticoid-induced osteoporosis start from at least 2.5 mg for a
3-month period.28 In Sweden, the recommendation is valid
for doses corresponding to at least 5 mg daily of prednisolone
for 3 months.22 In a survey among North American physicians
practicing pediatric rheumatology, 80% of the physicians
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reported that they “frequently” or “always” prescribed vitamin D supplements for patients on long-term corticosteroid
treatment.29 In the NHANES study, the association between
vitamin D deficiency (<10 ng/mL = <25 nmol/L) and corticosteroid use was assessed in a total of >20,000 American
inhabitants.30 The OR of being deficient was twice as high
among patients on corticosteroids (n=181). In the NHANES
study, 11% of the patients prescribed corticosteroids were
deficient (<25 nmol/L) and 75% had less than optimal levels
(<75 nmol/L) compared to the present study, where <3%
were highly deficient (<25 nmol/L) and 55.4% had less than
optimal levels.30 One explanation for the differences could
be concomitant vitamin D supplementation. In the NHANES
study, 23% had supplementation, and those patients were
less likely to be deficient (OR 0.16–0.25) compared to the
present study, where 35.6% of the patients on corticosteroids
had vitamin D supplements. The present study also presented
differences in proportion of patients with optimal levels of
vitamin D with regards to concomitant supplementation in
patients prescribed corticosteroids.
The association between rickets/fractures, vitamin D,
and antiepileptic drugs was first documented almost 50
years ago among institutionalized children with epilepsy.31,32
Since then, it has been demonstrated that, in addition to the
increase in seizure-related fractures, antiepileptic drugs
induce osteoporosis by several mechanisms.33 One of these
mechanisms is the induction of catabolic liver enzymes
which results in vitamin D deficiency.6 Other mechanisms
are direct effects on osteoblasts and osteoclasts, and effects
on sex hormones.7 American neurologists were asked about
their practice patterns regarding issues of bone health
among epileptic patients. Three percent of the neurologists
frequently tested for vitamin D levels and <10% prescribed
prophylactic vitamin D.16 Vitamin D levels among patients
with epilepsy, and on antiepileptic drugs, have been studied.
He et al presented an increased risk of vitamin D deficiency
among 51 Chinese epileptic children.34 The difference was
caused by treatment with antiepileptic drugs rather than other
factors associated with epilepsy. At follow-up (2 months
after treatment initiation), 71% of the children had vitamin D
deficiency (<25 nmol/L), 29% had insufficient levels (25–50
nmol/L), whereas 0% had sufficient levels (<50 nmol/L). In
the present study, only enzyme-inducing antiepileptic drugs
were included, since those were included in the medical decision support system.9 A mean level of 59 nmol/L was found
in the present study, which was slightly higher compared to
Teagarden et al,35 and 33% had levels below 50 nmol/L = 20
ng/mL, which was slightly lesser than in Teagarden et al´s
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American study. However, in the present study, no difference
in mean levels of vitamin D with regard to supplementation
was seen, in contrast to Teagarden et al’s study.
As for the third included pharmaceutical group, it was
more diverse than the other two groups, but mainly included
drugs that decrease the uptake of fat-soluble vitamins. The
two included substances usually prescribed to lower levels
of cholesterol (cholestyramine and colestipol) are currently
used for selected patient groups, and not considered to be
the first-line choice. Even though they are included among
“risk medication” in guidelines, very few studies have been
performed to assess the clinical relevance of their risk profile.
Orlistat is used for weight loss among overweight patients,
and is one of the included drugs that are also available over
the counter (OTC) in Sweden. Preceding bariatric surgery,
orlistat is sometimes used to reach some initial weight loss
among obese patients. Sevelamer is used to regulate phosphor levels in patients with kidney failure, and only when
vitamin D supplements are used concurrently is secondary
hyperparathyroidism avoided in patients on hemodialysis.36
Efavirenz is used in the t reatment of HIV, and mainly inhibits
reverse transcriptase known to cause vitamin D deficiency.37–39
To summarize, group C stands out in several aspects.
There are many more patients prescribed corticosteroids
than the other pharmaceutical risk groups in the present
study; they are more often prescribed concomitant vitamin
D supplements, it is rare to have a vitamin D deficiency; and
patients prescribed corticosteroids more often have optimal
levels of vitamin D. It was less common for men to be tested
and supplemented compared to women in group C.
Patients being prescribed antiepileptic drugs (group A)
had the lowest mean level of vitamin D, fewest reached optimal vitamin D levels, and fewest received supplementation
in the present study. It was less common for men to be tested
and supplemented compared to women in group A.
Group O seems to have a position in between group C
and group A when it comes to supplementation and optimal
vitamin D-levels. Furthermore, no gender differences were
seen in group O regarding testing and supplementation.
Usage of the large amounts of medical data stored in
electronic systems represents a paradigm shift in research,
with both new opportunities and challenges.40 EHR systems
in combination with big data analyses can also be used to
improve quality and patient outcomes in health care. In the
current study, the application Business Objects was used to
scan data derived from CAMBIO COSMIC, the EHR system
utilized in Kalmar County for patient data. The results of the
present study demonstrate the value of a big data approach
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to assess adherence to the medical risk management guidelines, as opposed to time-consuming manual medical journal
reviews.
Major limitations of the present study are the crosssectional design and the time period studied. Prescription
of concomitant use of vitamin D supplement is probably
overestimated since a 2-year period was screened without
relating testing and supplementation to the exact prescription period of the “risk medication”. Even though the entire
health record system used in Kalmar County (including
~240,000 patients) was screened, there are few caregivers
who prescribe medications in other electronic systems.
This is also the case for patients with dose-dispensed drugs
(n≈5,000). As for supplementation, access to data on prescriptions was available, thus leaving out OTC-supplements.
This could imply a possible underestimation of the number
of patients using vitamin D supplements. Furthermore,
differences in doses or treatment periods were not taken
into account.
Although we recognize some limitations in the study
design, the study is to the best of our knowledge the first to
compare differences in risk management and vitamin D status
between various pharmaceutical groups in a population-based
study using a big data approach. Previous studies on this topic
have included significantly fewer patients.

Conclusion
The present study found that guidelines had not been followed, as very few patients with “risk medication” had
been tested for vitamin D deficiency, and few had been
substituted with vitamin D. The adherence to medical
guidelines recommendations when prescribing drugs causing vitamin D deficiency needs to be improved. In order
to do so, reasons for the poor adherence require further
investigation. To our knowledge, this is the first time that
the clinical management of patients prescribed drugs causing vitamin D deficiency has been systematically assessed
using a big data approach.
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