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Abstract
Objectives  To assess changes in the frequency of 
vitamin D testing and detection of moderate/severe 
vitamin D deficiency (<30 nmol/L) among adults 
after the introduction of new Medicare Benefits 
Schedule (MBS) rebate criteria (November 2014), and 
their relationship to sociodemographic and clinical 
characteristics.
Design  Dynamic (open) cohort study
Setting  Primary care
Participants  About 1.5 million ‘active’ patients aged 18+ 
years visiting a general practitioner and included in the 
National Prescribing Service MedicineInsight database.
Outcome measures  The frequency of vitamin D testing 
(per 1000 consultations) and moderate/severe vitamin D 
deficiency (%) recorded between October 2013 and March 
2016, stratified by the release of the new MBS criteria for 
rebate.
Results  More patients were female (57.7%) and 30.2% 
were aged 60+ years. Vitamin D testing decreased 
47% (from 40.3 to 21.4 tests per 1000 consultations) 
after the new MBS criteria, while the proportion of tests 
with no indication for being performed increased from 
71.3% to 76.5%. The proportion of patients identified as 
moderate/severe vitamin D deficient among those tested 
increased from 5.4% to 6.5%. Practices located in high 
socioeconomic areas continued to have the highest rates 
of testing, but moderate/severe vitamin D deficiency 
detection remained 90% more frequent in practices 
from low socioeconomic areas after the rebate change. 
Furthermore, the frequency of individuals being tested was 
reduced independent of the patients’ sociodemographic or 
clinical condition, and the gap in the prevalence of vitamin 
D deficiency detection between those meeting or not 
meeting the criteria for being tested remained the same. 
Moderate/severe vitamin D deficiency detection decreased 
slightly among patients with hyperparathyroidism or 
chronic renal failure.
Conclusions  Although the new criteria for rebate almost 
halved the frequency of vitamin D testing, it also lessened 

the frequency of testing among those at higher risk of 
deficiency, with only a small improvement in vitamin D 
deficiency detection.

Introduction 
Vitamin D is a fat-soluble vitamin that medi-
ates intestinal calcium absorption, having 
a central role in calcium homeostasis and 
bone mineralisation.1–3 The principal natural 
source of vitamin D in humans is the skin 
through exposure to ultraviolet-B, but it can 
be also obtained from some foods and oral 
supplements. The principal consequences of 
vitamin D deficiency are osteomalacia and 
rickets in children and osteoporosis and frac-
tures in adults. However, vitamin D deficiency 
has also been linked to an increased risk of 
non-skeletal conditions, such as diabetes 

Strengths and limitations of this study

►► The study includes information about 1.5 million 
adult patients and 13 million consultations extracted 
from electronic medical records in Australian gen-
eral practice.

►► We explored not only changes in the frequency of 
vitamin D testing and the proportion identified as be-
ing deficient, but also if the introduction of new na-
tional criteria for rebate resulted in increased testing 
in those at higher risk of vitamin D deficiency.

►► Data is based on ‘real-world’ information recorded 
by general practitioners, and the quality or accuracy 
of recording might be affected by clinician behaviour, 
the health information system used in each general 
practice and the algorithms used for data extraction.
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mellitus, cardiovascular disease, depression, respiratory 
tract infections and cancer.2–5 

Given the potential detrimental effects on skeletal and 
body health, it is of some concern that an estimated 31% 
of adults in Australia have some level of vitamin D defi-
ciency (levels<50 nmol/L). A similar prevalence has been 
reported in other high-income countries.4 6 7 However, 
vitamin D deficiency is more frequent among certain 
groups, including older individuals, those with darker 
skin colour, people living at higher latitudes, those who 
have reduced sun exposure, with a lower socioeconomic 
position, a chronic condition (eg, malabsorption  and 
chronic renal failure), obesity or using medication that 
interferes with the metabolism of vitamin D.2–4 6 8–13 These 
high figures could partially explain the increased number 
of vitamin D tests reported in several high-income coun-
tries.3 In Australia, requests for vitamin D testing increased 
from 0.4 tests/1000 individuals in 2000 to 36.5/1000 indi-
viduals in 2011 (80% of them requested by general practi-
tioners [GPs]).3 14 15 As a consequence, the cost of vitamin 
D testing to the Australian government increased from 
$1.0 million to $95.6 million in the same period (0.4% 
of Australian health expenditure on medical services 
or 0.07% of total health expenditure in 2011), but with 
minimal known benefit on health outcomes.3 14 16

Before 2014, multiple guidelines and position state-
ments regarding vitamin D testing were published in 
Australia: Royal College of Pathologists of Australasia, 
Royal Australian College of General Practitioners, 
Australian and New Zealand Bone and Mineral Society, 
and  Endocrine Society of Australia and Osteoporosis 
Australia.17 However, there was no consensus on the 
procedures to be followed in clinical practice for testing; 
although all of them indicated screening was not recom-
mended. With the aim to reduce unnecessary vitamin D 
testing, a 2014 review published by the Medicare Bene-
fits Schedule (MBS, services subsidised by the Australian 
government) recommended targeting high-risk patients 
instead of population screening. The review suggested 
new, more restrictive, criteria for rebate.10 15 A few months 
after the introduction of the new MBS criteria for rebate 
(November 2014), there was a considerable reduction 
in the number of vitamin D tests ordered (14.4/1000 
individuals), representing 42% savings of  direct annual 
health costs (~$39.5 million).15 However, even though 
this new health policy almost halved health expenditure 
for vitamin D testing, no study has ‘shed light on the 
appropriateness of testing’.3

Using a large longitudinal dataset from MedicineIn-
sight (a national general practice data programme 
developed and managed by the National Prescribing 
Service [NPS] MedicineWise with funding support from 
the Australian Government Department of Health),18 
we sought to better understand the implications of the 
new MBS criteria for vitamin D testing. MedicineInsight 
extracts whole-of-practice de-identified data from the 
clinical information systems (CIS) of over 650 consenting 
general practices across Australia including 3.8 million 

patients. The main aim of our study was to explore how 
the new MBS criteria affected the frequency of vitamin D 
testing and the detection of deficiency, the relationship 
of vitamin D testing to socioeconomic factors and if the 
policy resulted in increased testing in those at higher risk 
of vitamin D deficiency.

Methods
Data source
We used data from the NPS MedicineWise MedicineIn-
sight programme (the MedicineInsight programme is 
described at http://www.​nps.​org.​au/​medicine-​insight). 
MedicineInsight extracts de-identified, whole-of-practice 
data, from a practice’s CIS when it joins MedicineInsight. 
The extraction tool then collects additional data regu-
larly, creating a longitudinal database in which patients 
can be tracked over time. MedicineInsight has over 650 
consenting general practices, 3300 GPs and data on 
3.8 million patients. All Australian states and regions are 
represented and practices varying in size, billing methods 
and type of services offered are included. Patients in 
the database are comparable to the general population 
as measured by sociodemographic variables and clinical 
conditions. Details of the data collection process have 
been published elsewhere.18–20

Routinely collected information includes demographics 
(gender, ethnicity, indigenous status, year of birth  and 
postcode), clinical information (diagnoses  and reasons 
for consultation), prescribed medications (including 
reasons for prescription, known allergies or drug reac-
tions), laboratory/pathology test reported results, clin-
ical measurements (temperature, blood pressure, weight, 
height and waist circumference) and smoking status.

Sample selection
Of the 1 500 360 ‘active’ patients aged ≥18 years, available 
in the MedicineInsight database for the period October 
2013 to March 2016, 2.8% were excluded because neither 
a diagnosis or reason for encounter had been recorded 
for that period. ‘Active’ patients were defined as having 
three or more visits to the practice in the past 2 years. To 
improve data quality, practices were included in the study 
if they: were established for two or more years before 
the end of the analysis period; had no interruptions in 
data for more than 2 months; had recorded data (history 
item, reason for encounter or reason for prescription) 
in at least 10% of encounters and had an average of 
at least 30 prescriptions per week.21–24 Therefore, this 
dynamic (open) cohort study included 1 458 350 active 
adult patients attending 4668 GPs in 329 MedicineInsight 
participating general practices across Australia.

Patient involvement
Only secondary and de-identified data was used in this 
study. Therefore, there was no patient involvement in this 
research.

http://www.nps.org.au/medicine-insight
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Outcome
Vitamin D testing (yes/no), vitamin D levels (nmol/L) 
and date of the test were obtained from the laboratory 
reported results. Most Australian practices receive these 
results electronically, which are downloaded directly into 
the CIS and recorded using Logical Observation Identi-
fiers Names and Codes.18 On the basis of available results, 
the bone-centric recommendation of serum 25-hydroxyvi-
tamin D (25-OH-D) levels<50 nmol/L (<20 ng/mL) was 
considered as the threshold for vitamin D deficiency (any 
deficiency level), while a value <30 nmol/L (<12 ng/mL) 
was considered as moderate/severe deficiency, following 
recommendations of the Australian Department of 
Health, the Australian and New Zealand Bone Mineral 
Society and the Endocrine Society of Australia and Oste-
oporosis Australia.3 9 11

Covariates
Practice’s data obtained from the MedicineInsight 
included state (New South Wales, Victoria [VIC], 
Queensland, Western Australia, Tasmania [TAS], South 
Australia [SA], Australian Capital Territory  and North 
Territory [NT]), rurality (major cities, inner regional, 
outer regional and remote/very remote) and the Index 
of Relative Socio-Economic Advantage and Disadvantage 
(IRSAD) quintiles. IRSAD is a macroeconomic indicator 
of relative economic and social advantage/disadvantage 
position within an area compared with the rest of the 
country.25 Therefore, a higher IRSAD quintile indicates 
the practice is located in a more advantaged area.

Patients’ sociodemographic characteristics included sex 
(male/female), age (obtained as groups of 10-year cate-
gories), rurality (same categories as for the practice data), 
ethnicity (Aboriginal or Torres Strait Islander [TSI], yes/
no), pension (none, pensioner or healthcare card owner, 
Department of Veterans Affair [DVA]), IRSAD quintiles 
and smoking status (non-smoker, ex-smoker and current 
smoker).

Patients who had a recorded medical history that was 
consistent with the new MBS clinical criteria to assess 
overall vitamin D status (online supplementary table S1) 
were identified from the MedicineInsight database using 
an algorithm that included all medical diagnosis, reasons 
for encounter with the GP, laboratory test results and 
prescribed medications. The investigated criteria included 
(1) a history of osteoporosis/osteomalacia, (2) high alka-
line phosphatase with normal liver function tests, (3) 
hyperparathyroidism, hypocalcaemia, hypercalcaemia or 
hypophosphataemia, (4) malabsorption, (5) use of medi-
cation that interferes with 25(OH)D metabolism or (6) 
chronic renal failure.10 Furthermore, a previous diagnosis 
of vitamin D deficiency was also included as an additional 
criterion, as monitoring 25(OH)D levels is indicated to 
assess treatment effectiveness.2 9

For medical diagnosis and reason for encounters, 
although GPs are encouraged to complete all these fields 
every time they see a patient using the available medical 
coding vocabulary at the practice (ie, ‘DOCLE’  and 

‘PYEFINCH’), their use is not mandatory and clinicians 
can enter medical terms as free text.18 For that reason, 
different synonyms were used to identify positive cases 
of osteoporosis/osteomalacia, hyperparathyroidism, 
hypocalcaemia, hypercalcaemia, hypophosphatemia, 
malabsorption, chronic renal failure, renal transplant 
or vitamin D deficiency. When the diagnosis or reason 
for the encounter was recorded as ‘unconfirmed’ (eg, 
‘suspected’ or ‘under investigation’) or as a ‘family 
history’, the individual was considered as negative for that 
condition.

Laboratory results were used to identify/confirm addi-
tional cases (increased alkaline phosphatase with normal 
liver function tests [liver glutamic oxaloacetic transami-
nase (GOT) / alanine transaminase (ALT) and glutamic 
pyruvic transaminase (GPT)  / aspartate transaminase 
(AST)], hyperparathyroidism, hypocalcaemia, hypercal-
caemia or hypophosphatemia). A test result 10% higher/
lower than the upper/lower limit established by the labo-
ratory was used as the threshold of abnormality, in order 
to reduce the number of false positives and increase the 
specificity of the results (ie, a better ‘rule-in’ test).26

Because the new MBS criteria for rebate did not 
include a list of medications that might decrease 25(OH)
D levels,10 we obtained that list from the literature.8 17 It 
included antiepileptics (eg, phenytoin  and carbamaze-
pine), glucocorticoids (eg, prednisolone and dexametha-
sone), bisphosphonates, antiretrovirals (eg, ritonavir and 
saquinavir), cytostatic agents (eg, cyclophosphamide and 
tamoxifen) and antiestrogens drugs (eg, cyproterone 
acetate). Considering the effects of these drugs on 
25(OH)D levels are related to long-term therapies,8 9 we 
considered a patient as ‘positive’ for medication use when 
they received a prescription for a period ≥30 days.

Statistical analysis
Two different group of analyses were performed: (1) 
practice results, which included the number of vitamin 
D testings per 1000 consultations and the percentage of 
these tests (%) with a ‘positive’ result for vitamin D insuf-
ficiency (<50 nmol/L) or moderate/severe deficiency 
(<30 nmol/L) and (2) patient results, the prevalence (%) 
of individuals tested for vitamin D levels and the prevalence 
of moderate/severe vitamin D deficiency (<30 nmol/L) 
among those tested. These results were presented graph-
ically by the trimester of the year (October/December 
2013 to January/March 2016; release of the new MBS 
criteria for rebate in November 2014). Findings were also 
analysed according to the presence, or not, of some of the 
MBS criteria for vitamin D testing.10

The association between the  practice characteristics 
and the frequency of vitamin D testing (per 1000 consul-
tations) and the percentage with a ‘positive’ result for 
vitamin D deficiency were assessed using multiple logistic 
regression (mutual adjustment between state, rurality 
and IRSAD) and stratified by the date of release of the 
new MBS criteria for rebate. A similar procedure was used 
to evaluate the association between patient characteristics 

https://dx.doi.org/10.1136/bmjopen-2018-024797
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(sociodemographic and clinical) and the prevalence 
of vitamin D testing and deficiency. In this case, socio-
demographic variables were mutually adjusted for the 
practice's characteristics, and the patient’s length in that 
practice (as it might affect the frequency of vitamin D test-
ings).27 Smoking and clinical conditions were also mutu-
ally adjusted for the above-mentioned variables.

All analyses were performed in STATA V.15.0. Analyses 
focused on the individual (prevalence) considered the 
cluster (general practices) and sampling weights (inverse 
of the individual’s probability of being in the sample=1/
average annual number of contacts with the general prac-
tice) for data correction.19

Results
The final sample consisted of 1  458  350 adults (57.7% 
females; 30.2% aged ≥60 years) and 13 169 066 consulta-
tions for the specified period (median of 3.0 GP consul-
tations/year per patient; interquartile range 2.0; 9.0). 
Additionally, 64.9% of  participants had visited the GP 
both before and after the introduction of the new MBS 
criteria for rebate (November 2014). The percentage 
of patients with no diagnosis or reason for encounter 
recorded (2.8% of active patients in the MedicineInsight 
dataset) was similar in all sociodemographic groups; 
although a higher frequency of missing data was observed 
in NT (10.7%).

Figure 1 shows that the frequency of vitamin D testing 
had already decreased from 52.0 per 1000 consultations 
in October–December  2013 to 30.5 per 1000 consulta-
tions by the time the new MBS criteria were released; 

it then steadied at around 20.5 per 1000 consultations 
during the following year. However, the pattern of 
vitamin D deficiency (either  <50 nmol or  <30 nmol/L) 
among those tested remained stable over time (a peak in 
July–September [winter] and a trough in January–March 
[summer]), with a slight increase (11%–17%) observed 
in 2015 compared with the same months in 2014.

Therefore, although the overall frequency of vitamin 
D testing was reduced by 47% after the release of the 
new MBS criteria for rebate (from 40.3 to 21.4 per 1000 
consultations), the proportion of these tests not matching 
the criteria increased from 71.3% to 76.5% (figure  2). 
However, the percentage of tests demonstrating vitamin 
D deficiency or mild/moderate deficiency showed a small 
increase (from 25.1% to 27.1% and 5.4% to 6.5%, respec-
tively) (table 1, online supplementary tables S2 and S3).

Despite the differences in the frequency of vitamin D 
testing by practice characteristics (higher in VIC, TAS 
and NT, major cities and 48% more frequent in the upper 
than in the lowest socioeconomic quintile), the reduction 
in the number of tests after the release of the new criteria 
for rebate was similar across all categories (ranging from 
42% to 49%), except for SA and remote/very remote 
Australia, where the decrease was approximately 60%. 
TAS and remote Australia had the lowest vitamin D defi-
ciency detection rates and fewer cases were detected after 
the new criteria for rebate were released. Although prac-
tices in the highest socioeconomic quintile continued 
to request more vitamin D tests, vitamin D deficiency 
was still 90% more frequent in the lowest quintile after 
November 2014.

Figure 1  Frequency of vitamin D testing (per 1000 consultations—columns) and percentage of tests with vitamin D deficiency 
(%—lines). The n=13 169 066 consultations for 1 458 350 adults (18+ years) who attended one of 329 Australian general 
practices included in the MedicineInsight database between 2013 and 2016. Vertical lines represent 95% CI.

https://dx.doi.org/10.1136/bmjopen-2018-024797
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The number of patients being tested for vitamin D defi-
ciency who met the clinical criteria for rebate is shown 
in figure 3. Vitamin D testing before the new MBS rules 
was 30%–40% more frequent among those meeting 
the criteria compared with those who did not, and just 
10%–20% more frequent in 2015. However, the gap in the 
prevalence of vitamin D deficiency (either  <50 nmol/L 
or  <30 nmol/L) between those with or without some 
clinical criteria for being tested remained relatively 
unchanged over time.

Table 2 shows the prevalence of vitamin D testing and 
moderate/severe deficiency detection according to the 
individuals’ sociodemographic and clinical characteristics. 
Before the release of the new criteria, vitamin D testing 
(overall cumulative frequency of  16.3% for the period 
October 2013 to November 2014) was markedly more 
frequent in females and the elderly, but the prevalence of 
moderate/severe vitamin D deficiency detection among 
those tested (overall prevalence 6.1%) was more frequent 
in males and the youngest age groups. Differences in the 
prevalence of vitamin D testing according to other sociode-
mographic characteristics were less evident, but moderate/
severe vitamin D deficiency detection was more frequent 
among those living in major cities, Aboriginal or TSIs, 
pensioners, lower socioeconomic or ex-smokers. Vitamin 
D testing was also more frequent among those with a 
previous diagnosis of vitamin D deficiency (74.0%), with 
hyperparathyroidism (44.7%), elevated alkaline phospha-
tase levels (32.0%) or osteoporosis/osteomalacia (24.6%). 
Nonetheless, moderate/severe vitamin D deficiency 

detection among those with osteoporosis/osteomalacia 
(3.5%), high alkaline phosphatase levels (4.8%) or hyper-
parathyroidism (5.1%) was even less common than among 
those without any of the criteria for being tested (5.6%).

After the release of the new criteria for rebate (period 
December 2014 to March 2016), there was a 44% reduc-
tion in the cumulative percentage of patients being 
tested for vitamin D (from 16.3% to 9.1%), while there 
was a small increase in the prevalence of moderate/
severe deficiency detection among those tested (from 
6.1% to 7.1%). A higher reduction in the percentage of 
patients being tested was observed among individuals 
aged 70+  years (>50% reduction), while a lower reduc-
tion occurred among those with osteoporosis/osteoma-
lacia, increased alkaline phosphatase or with a previous 
diagnosis of vitamin D deficiency (~30% reduction). On 
the other hand, moderate/severe vitamin D deficiency 
detection remained steady or slightly reduced among 
individuals aged 20–59 years, Aboriginals or TSIs, DVAs, 
ex-smokers, with hyperparathyroidism, or chronic renal 
failure. Moderate/severe vitamin D deficiency detection 
continued to be about 30% more frequent in individuals 
from the lowest compared with the highest socioeco-
nomic quintile.

All associations with sociodemographic and clinical 
conditions, as well as the changes observed after the 
introduction of the new MBS criteria, were similar when 
the analyses were replicated considering vitamin D defi-
ciency (<50 nmol/L) as the investigated outcome (online 
supplementary tables S2 and S3).

Figure 2  Percentage of tests according to the presence or absence of reasons for routine vitamin D testing. The n=13 169 066 
consultations for 1 458 350 adults (18+ years) who attended one of 329 Australian general practices included in the 
MedicineInsight database between 2013 and 2016. Medicare Benefits Schedule criteria for routine vitamin D testing included a 
history of osteoporosis/osteomalacia, high alkaline phosphatase, hyperparathyroidism, malabsorption, use of medication that 
interferes with 25(OH)D metabolism, chronic renal failure and/or a previous diagnosis of vitamin D deficiency.

https://dx.doi.org/10.1136/bmjopen-2018-024797
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Discussion
Our study aimed to investigate whether the introduc-
tion of new Australian criteria for rebate, vitamin D tests 
resulted in less testing, benefited those at a higher risk of 
vitamin D deficiency or improved detection of deficiency. 
Five main findings can be highlighted. First, although the 
number of vitamin D tests almost halved after the intro-
duction of the new MBS criteria, only a small improve-
ment in the detection of deficiency occurred. Second, 
practices located in the highest socioeconomic quintile 
continued to have the highest rates of vitamin D testing, 
but the proportion of deficiency detection remained 
almost twice as frequent in practices located in the lowest 
socioeconomic areas. Third, the frequency of patients 
being tested was reduced among those at higher risk of 
vitamin D deficiency, which was not the intention of the 
change. Fourth, despite a small increase in the detection 

of vitamin D deficiency, the gap between those meeting or 
not meeting the criteria for being tested remained steady. 
Finally, detection of vitamin D deficiency decreased in 
some high-risk groups, including those with a diagnosis of 
hyperparathyroidism or chronic renal failure. Again, this 
was an unintended consequence of the new MBS criteria.

Diverse strategies that aimed to tackle the increased 
number of vitamin D tests and related costs have recently 
been adopted by Canada, the USA, the UK, France, Italy 
and Australia.3 15 28–30 As a result, a reduction of up to 
25% in the number of vitamin D tests performed have 
been reported in studies from the USA and Italy.3 10 15 28–30 
In Australia, a study conducted in 2016, using MBS 
data, showed the number of vitamin D tests had almost 
halved just a few months after the introduction of the 
new criteria for Medicare rebate, with an expected saving 
of approximately $64 million annually.15 This result is 

Table 1  Frequency of vitamin D testing (×1000 consultations) and vitamin D moderate/severe deficiency (%) by 
sociodemographic characteristics of the practice, stratified by the date of release of the new MBS criteria for rebate. 
The n=13 169 066 consultations for 1 458 350 adults (18+ years) who attended one of 329 Australian general practices 
participating in the MedicineInsight programme between 2013 and 2016

% of all data

Prior to new MBS criteria* After new MBS criteria*

Vitamin D tested

Moderate or 
severe deficiency
(<30 nmol/L) Vitamin D tested

Moderate or 
severe deficiency
(<30 nmol/L)

Per 1000 consults %† Per 1000 consults %†

Overall (95% CI) 40.3 (40.1 to 40.4) 5.4 (5.3 to 5.5) 21.4 (21.3 to 21.5) 6.5 (6.4 to 6.6)

State

 �  NSW 28.6 40.9 3.7 22.7 3.9

 �  VIC 26.5 50.8 7.7 25.8 9.9

 �  QLD 17.9 26.1 2.6 14.3 4.2

 �  WA 12.4 31.2 3.5 18.0 5.8

 �  TAS 9.2 50.4 8.5 27.4 7.2

 �  SA 3.9 40.1 4.5 15.5 6.5

 �  ACT 1.0 46.4 5.7 24.1 6.7

 �  NT 0.6 66.9 3.0 37.5 3.5

Rurality

 �  Major cities 62.1 43.5 6.6 23.0 7.7

 �  Inner regional 20.9 30.8 3.8 16.9 4.6

 �  Outer regional 16.0 40.3 3.9 21.4 5.1

 �  Remote/very remote 1.0 30.7 2.5 11.8 1.9

IRSAD quintiles

 �  1 (upper) 24.9 48.4 4.0 25.0 4.8

 �  2 17.8 43.5 4.7 23.3 5.6

 �  3 18.5 41.1 5.9 22.2 6.6

 �  4 13.3 33.7 5.7 19.0 7.8

 �  5 (lower) 25.6 32.8 7.5 17.5 8.9

*New MBS criteria for rebate launched in November 2014. Results were estimated considering mutual adjustment between variables.
†Frequency (%) of performed tests that were positive for vitamin D deficiency (<30 nmol/L).
ACT, Australian Capital Territory; IRSAD, Australian Index of Relative Socio-Economic Advantage and Disadvantage; MBS, Medicare Benefits 
Schedule; NSW, New South Wales; QLD, Queensland; SA, South Australia; TAS, Tasmania; VIC, Victoria; WA, Western Australia. 
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consistent with our findings using general practice data 
from the MedicineInsight programme. However, apart 
from studies showing a reduction in healthcare costs, no 
one has investigated the impact of such policy changes 
on the appropriateness of vitamin D testing at a national 
level.3 15 In fact, our results demonstrate that the propor-
tion of tests without any indication increased after the 
release of the new MBS criteria. Moreover, there was 
only a small improvement in the detection of vitamin 
D deficiency. Socioeconomic disparities continued and 
the frequency of testing reduced in all groups at risk of 
vitamin D deficiency, including Aboriginal and TSIs, for 
whom testing was recommended in the revised criteria.

Although no other national study was found for 
comparison, the performance of this new Australian 
health policy in improving the adequacy of vitamin D 
testing is not surprising. A survey conducted in 2009 
of 500 GPs showed that only 20% had read an Austra-
lian position statement on sun exposure and vitamin D 
released the previous year. The survey also found that 
68% of GPs said that the information they received, from 
that or any other source, did not affect their practice.31 
A similar figure was observed in the USA, where only a 
small increase in access to information regarding vitamin 
D guidelines was observed (from 27.4 times/month to 
35.0 times/month; n=1200 clinicians) after new rules for 
testing were implemented.29

Therefore, it is not surprising that although 31% of 
adults in Australia have some level of vitamin D defi-
ciency,13 testing was only 21.4 per 1000 consultations 
after the new MBS criteria, with a cumulative percentage 
of 9.1% of patients tested, and no substantial improve-
ment in vitamin D deficiency detection, even among 
those with some clinical indication. Diverse factors may 
be responsible for the low frequency and adequacy of test 
requests, including unfamiliarity with current recommen-
dations, physicians’ resistance to change, coexistence of 
conflicting recommendations and practice guidelines,3 9 11 
lack of tools to help with the decision making, as well as 
patient characteristics (ie, more frequent tests among 
females, migrants, elder patients and unemployed, with 
multiple comorbidities) and practice profile.3 11 31–34 As 
suggested by Australian GPs, patient request is also, anec-
dotally, a factor.

According to our results, geographic characteristics 
also influence the frequency of vitamin D testing, as more 
tests were performed among those living in major cities 
or in NT, VIC or TAS, either before or after the release of 
the new MBS criteria. The higher prevalence of vitamin 
D deficiency at southerner latitudes6 could explain the 
higher frequency of testing in VIC and TAS. Nonethe-
less, better performance was observed in SA (another 
southern Australian state), as the number of tests was 
reduced by 60% and the detection of moderate/severe 

Figure 3  Frequency of vitamin D testing (%—columns) and prevalence of vitamin D deficiency (%—lines) among those tested 
by the presence or absence of reasons for routine vitamin D testing. Adults (18+ years) who attended one of the 329 Australian 
general practices participating in the MedicineInsight programme (n=1 458 350) between 2013 and 2016. Medicare Benefits 
Schedule criteria for routine vitamin D testing included a history of osteoporosis/osteomalacia, high alkaline phosphatase, 
hyperparathyroidism, malabsorption, use of medication that interferes with 25(OH)D metabolism, chronic renal failure and/or a 
previous diagnosis of vitamin D deficiency. Vertical lines represent 95% CI.
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Table 2  Frequency of vitamin D testing (%) and prevalence of moderate/severe deficiency (%) among those tested 
by individual characteristics, stratified by the date of release of the new MBS criteria for rebate. Adults (18+ years) who 
attended one of the 329 Australian general practices participating in the MedicineInsight programme (n=1 458 350) between 
2013 and 2016

% of all 
data

Prior to new MBS criteria* After new MBS criteria*

Vitamin D tested

Moderate or 
severe deficiency
(<30 nmol/L) Vitamin D tested

Moderate or 
severe deficiency
(<30 nmol/L)

%† %‡ %† %‡

Overall (95% CI) 16.3 (15.2 to 17.4) 6.1 (5.8 to 6.5) 9.1 (8.4 to 9.7) 7.1 (6.8 to 7.5)

Gender§

 �  Males 42.2 11.7 6.7 6.3 7.7

 �  Females 57.7 19.9 5.9 11.4 6.9

Age (years)§

 �  18–19 2.7 6.6 7.7 4.7 8.5

 �  20–29 16.3 9.6 9.7 6.5 10.0

 �  30–39 17.3 13.5 8.3 8.7 8.7

 �  40–49 17.1 14.4 7.0 8.4 7.1

 �  50–59 16.5 18.8 5.8 10.3 5.7

 �  60–69 14.6 22.1 3.7 11.6 4.2

 �  70–79 9.3 24.1 3.1 12.0 4.1

 �  80–89 5.0 26.2 4.7 12.3 7.2

 �  90+ 1.3 23.4 8.6 11.3 13.3

Rurality§

 �  Major cities 63.2 17.1 7.5 9.7 8.1

 �  Inner regional 24.2 13.9 4.0 7.0 5.2

 �  Outer regional 11.1 15.7 3.6 9.3 4.9

 �  Remote 1.6 14.9 3.5 9.1 5.1

Aboriginal or TSI§

 �  No 69.8 16.8 6.1 9.1 7.0

 �  Yes 1.8 16.0 7.4 8.2 7.5

 �  Not stated 28.5 15.2 6.3 9.0 7.5

Pensioner§

 �  None 43.3 15.6 5.5 8.9 6.5

 �  Pensioner 32.8 17.1 7.1 9.0 8.2

 �  DVA 1.3 16.7 7.3 8.9 6.3

 �  Not stated 22.5 16.4 6.2 9.6 7.4

IRSAD quintiles§

 �  1 (upper) 26.3 16.6 5.3 9.4 6.5

 �  2 19.9 15.9 5.6 8.8 6.8

 �  3 20.2 16.4 6.6 9.0 6.9

 �  4 15.6 16.0 6.8 9.1 7.8

 �  5 (lower) 17.1 16.2 7.3 8.8 8.4

Smoking status¶

 �  Non-smoker 50.5 17.4 5.8 9.7 6.9

 �  Ex-smoker 14.5 13.4 8.1 7.4 8.3

 �  Current smoker 20.2 16.8 4.7 9.1 5.6

 �  Ignored 14.8 14.0 7.7 8.4 8.6

Continued
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vitamin D deficiency increased by 44% after the new MBS 
criteria were introduced. On the other hand, the highest 
frequency of vitamin D testing in the NT could be related 
to the higher proportion of Aboriginal and TSI  living 
there (25.5% compared with the national 2.8%)35 as 
individuals with darker skin colour are at risk of vitamin 
D deficiency.2–4 8–10 Nonetheless, this hypothesis is not 
supported by our results, as the frequency of testing was 
not more frequent overall in Indigenous than in non-In-
digenous people.

Despite all these possible barriers, some successful 
interventions have been instituted in different practice 
settings with the aim of improving the appropriateness 
of vitamin D testing.3 In the USA, the implementation of 
a decision support tool in an electronic medical record 
health system led to a 31% reduction in the proportion 
of inappropriate vitamin D tests (from 43.8% to 30.3%), 
while appropriate screening tests increased from 56.2% 
to 69.7%.29 Such computerised clinical decision support 
systems have been found to modify clinicians test-or-
dering behaviour, optimise clinical time and improve 
the adequacy of testing.36 37 Additionally, direct physician 
feedback (ie, a phone call and computer message when 
a new vitamin D test was ordered less than 90 days after a 
similar previous test) and patient and clinician education 
have been found to be effective in improving the appro-
priateness of vitamin D testing.3 30 38

Finally, standardisation of current guidelines and 
procedures regarding vitamin D testing and manage-
ment could be beneficial in clinical practice.3 In fact, 

there is emerging evidence suggesting higher vitamin D 
thresholds should be recommended for optimal health. 
International standards have suggested levels of at least 
75 nmol/L for preventing non-skeletal conditions, such 
as premature mortality, depression, diabetes or cardio-
vascular disease, while higher levels have been found to 
prevent falls, respiratory tract infections and cancer.2 3 
Further studies should be undertaken to identify the suit-
ability and effectiveness of such strategies.

Strengths and limitations
This study included a very large sample size of adults 
(1.5 million and 13 million consultations) and general 
practices from all Australia. Additionally, multiple strat-
egies were used to improve data quality (ie, different 
fields used for data extraction, variability of terms and 
synonyms).39 Furthermore, unlike previous reports, our 
study investigated not only the frequency of vitamin D 
testing, but also the prevalence of vitamin D deficiency, 
the indication for these tests and the association with 
sociodemographic and clinical characteristics. None-
theless, our study has some important limitations. First, 
MedicineInsight data are based on ‘real-world’ informa-
tion recorded by GPs into a health informatics system 
for clinical and medicolegal purposes. Therefore, the 
quality, accuracy and completeness of recording may vary 
by clinician and CIS used in each general practice (ie, 
non-mandatory fields, free-text for coding  and system 
coding vocabularies).21–24 40 It is likely that this will result 
in some under-reporting of clinical information, such as 

% of all 
data

Prior to new MBS criteria* After new MBS criteria*

Vitamin D tested

Moderate or 
severe deficiency
(<30 nmol/L) Vitamin D tested

Moderate or 
severe deficiency
(<30 nmol/L)

%† %‡ %† %‡

Reason for vitamin D testing¶

 �  None 77.9 14.7 5.6 8.2 6.3

 �  Osteoporosis/osteomalacia 3.3 24.6 3.5 17.2 3.9

 �  High alkaline phosphatase 0.2 32.0 4.8 22.3 9.0

 �  Hyperparathyroidism 0.3 44.7 5.1 28.5 2.7

 �  Malabsorption 0.5 21.6 4.1 13.4 5.5

 �  Anti-25(OH)D medication 17.1 19.1 5.7 10.1 6.5

 �  Chronic renal failure 0.8 19.1 6.5 11.8 5.9

 �  Vitamin D deficient 2.7 74.0 16.6 54.3 21.9

*New MBS criteria for rebate launched in November 2014.
†Percentage (%) of patients tested for vitamin D levels during the period.
‡Prevalence (%) of vitamin D deficiency (<50 nmol/L) among those tested during the period.
§Results adjusted for practice variables (state, rurality and IRSAD)+patient’s length in the practice+mutual adjustment between individual’s 
sociodemographic variables.
¶Results adjusted for practice variables (state, rurality and IRSAD)+patient’s length in the practice+sociodemographic 
variables+mutual adjustment between smoking and clinical conditions.
DVA, Department of Veterans Affair; IRSAD, Australian Index of Relative Socio-Economic Advantage and Disadvantage; MBS, Medicare 
Benefits Schedule; TSI, Torres Strait Islander. 

Table 2  Continued 
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diagnoses, reasons for the encounter or medical history. 
However, less than 3% of data were  excluded due to 
missing information, and these patients were comparable 
to the investigated sample according to sex, age, rurality, 
socioeconomic position or percentage of Aboriginal and 
TSI. Second, the algorithms used for data extraction have 
not been validated, which could also affect the accuracy 
of the information.39 Finally, MedicineInsight uses a 
non-random sampling process to recruit the practices, 
and systematic sampling differences between states/terri-
tories and regions cannot be ruled out. Even so, the distri-
bution of the sample closely resembles figures from the 
last Australian census.18 35

Conclusions
Although the new criteria for rebate almost halved 
the frequency of vitamin D testing, it also lessened the 
frequency of testing among those at highest risk of defi-
ciency, increased the proportion of tests with no indica-
tion for  being performed, and resulted in only a small 
improvement in the detection of vitamin D deficiency. 
Therefore, despite a marked reduction in healthcare 
costs, the introduction of the new MBS criteria for rebate 
resulted in some unintended consequences: the changes 
did not improve the appropriateness of vitamin D testing, 
did not provide additional benefits for those at a higher 
risk of vitamin D deficiency and did not reduce health 
disparities in Australian general practice. Further studies 
could explore the ongoing, non-financial, health costs of 
these changes and develop practice, GP and patient-cen-
tric interventions to improve the appropriateness of 
vitamin D testing.
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