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MINI-ABSTRACT  

We examine whether new government criteria designed to reduce overuse of vitamin D 

testing changed testing rates in Australian women. Although testing initially declined, the 

reduction was not sustained. Women who had more doctor visits and who had been tested 

previously were more likely to have vitamin D testing. 
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ABSTRACT  

Purpose: Vitamin D testing increased substantially in the 2000s in many countries, 

particularly in women. Because of concerns about potential over-testing, in 2014 the 

Australian criteria for subsidised testing was restricted to those at high risk of vitamin D 

deficiency. We aimed to describe vitamin D testing trends in Australian women (1996 to 

2019) and investigate sociodemographic and health factors associated with testing under the 

new criteria.  

Methods: We used joinpoint regression to assess changes in national testing trends in 

Australian women (aged 15+ years) using universal health insurance system data. 

Additionally, we investigated the factors associated with vitamin D testing through Poisson 

regression with robust error variance using survey and linked insurance system data from 

participants born 1946-51 in the Australian Longitudinal Study on Women’s Health 

(ALSWH). 

Results: Between 1996 and 2013 vitamin D testing rates increased in all age groups. Rates 

declined between 2013 and 2016; but increased again between 2016 and 2019. In the 

ALSWH cohort, a higher likelihood of testing under the new criteria was associated with 12 

or more doctor visits per year compared to two or fewer visits per year (relative risk [RR] 

1.85 95% CI 1.61-2.12); and women who had two or more vitamin D tests between 2012 and 

2014 compared to no test (RR 1.55 95% CI 1.48-1.62).  

Conclusion: The introduction of new criteria has not led to sustained declines in testing. 

High testing rates and repeated testing suggests that over-testing for vitamin D deficiency in 

Australian women is still occurring.  
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INTRODUCTION 

In the past two decades, vitamin D deficiency has been shown to be associated with a wide 

range of health outcomes, including fractures[1], falls[2], colorectal cancer[3], diabetes[4], 

and mortality[5]. Consequent media interest and raised awareness led to a substantial increase 

in vitamin D testing rates in a number of high income countries[6-8]. The Australian 

Government subsidises both 25-hydroxy and 1,25-dihydroxy vitamin D tests (hereafter 

referred to as vitamin D testing) through the Medicare program, a universal health insurance 

system that subsidises use of medical and hospital services for all Australian citizens, 

permanent residents and certain categories of visitors to Australia [9]. Diagnostic tests funded 

under Medicare are listed in the Medicare Benefits Schedule (MBS), and the Schedule 

generally includes a descriptor indicating the clinical indications for tests to be conducted 

through Medicare. Clinician requests for testing are expected to be within the criteria 

described in the MBS. Pathology tests done out of hospital through the MBS are fully 

subsidised so there is no cost to the consumer.  

In Australia between 2003 and 2013, there was a 3,587% increase in the number of claims for 

MBS items related to vitamin D testing; between 2008 and 2013 approximately 70% of 

vitamin D tests were for women aged 24-84 years, with the highest rates in women aged 45-

64 years[10]. This increase in testing raised concerns that some patient groups were being 

tested for vitamin D levels unnecessarily and triggered a review of the existing MBS 

items[10]. In November 2014, the Australian Government introduced new criteria for vitamin 

D testing, restricting testing to people with signs and symptoms of vitamin D deficiency 

and/or at high risk of moderate to severe vitamin D deficiency (e.g., people with signs or 

symptoms of osteoporosis or osteomalacia, see online supplementary material Table S1 for 

full details). The new criteria are in line with Australian and international guidelines that 

recommend against routine screening for vitamin D status in asymptomatic adults [11-14]. A 
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joint position statement published in 2012 by the by the Australian and New Zealand Bone 

and Mineral Society, Endocrine Society of Australia and Osteoporosis Australia 

recommended a target serum 25-hydroxyvitamin D level of ≥ 50 nmol/L as adequate for 

musculoskeletal health and defined levels at 30-49 nmol/L, 12.5-29 nmol/L, and < 12.5 

nmol/L as mild, moderate and severe levels of vitamin D deficiency respectively [15]. 

In the six to eighteen months after the new criteria were introduced several studies showed a 

reduction in testing [16,17]; while a study published in June 2020 found that the decline in 

testing rates was not sustained, with testing rates increasing between 2015 and 2019 [17]. 

However, to date no study has assessed changes in vitamin D testing rates in Australia over 

the longer term, both before and after the introduction of the revised items and which 

sociodemographic and health factors are associated with testing under the new criteria.  

This study therefore has two aims. Firstly, using publicly available Medicare data, we provide 

an update on vitamin D testing trends in Australian women (15+ years) for the period from 

January 1996 to December 2019. Using joinpoint regression analysis, we also assess whether 

there have been changes in rates over this time period. Secondly, using data from an 

Australian cohort of women born in 1946-1951, we investigated the socioeconomic, 

geographic, health and health service use factors associated with vitamin D testing under the 

new criteria to understand which groups of women are still undergoing tests. 

MATERIALS AND METHODS 

Vitamin D testing rate trends in Australian women, 1996 to 2019 

For the first part of our analysis, we obtained data on the number of vitamin D tests done 

each year from January 1996 to December 2019 from the Australian Government Department 

of Human Services Medicare Item Reports 

(http://medicarestatistics.humanservices.gov.au/statistics/mbs_item.jsp). We obtained 

http://medicarestatistics.humanservices.gov.au/statistics/mbs_item.jsp
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information on the annual number of vitamin D tests done for women and the per capita rate 

of tests (per 100,000 women) in ten-year age categories (15-24 years to 85+ years). The 

following MBS item numbers (and relevant time periods) for vitamin D testing were included 

in the analysis: #66608 (January 1996 to 31 October 2014); #66609 (1 November 2006 to 31 

October 2014); #66833, #66834, #66835, #66836 and #66837 (1 November 2014 to 31 

December 2019).  

From 1 November 2014 separate MBS items were introduced for 25-hydroxy and 1,25-

dihydroxy vitamin D tests. Serum 25-hydroxyvitamin D is the best marker of a patient’s 

vitamin D status; serum 1,25-dihydroxyvitamin D testing is only done for people with 

hypercalcaemia or other specific conditions as recommended by specialists[11]. Prior to 1 

November 2014 the MBS vitamin D testing items did not distinguish between these two types 

of tests, so to ensure consistency across the whole study period, we included MBS items 

covering both of these investigations in our analysis. 

We used the National Cancer Institute’s Joinpoint Regression analysis program (version 

4.7.0.0)[18] to examine age-specific trends in vitamin D testing and to assess whether there 

were any statistically significant changes in trend between 1996 and 2019 (the time point 

where there is a change in trend is referred to as a joinpoint). We used a log-linear model and 

a minimum of none and a maximum of four joinpoints (allowing at least two data points 

between each joinpoint) over the time period[19]. Final models were selected using 4,449 

permutation tests with Bonferroni correction for multiple testing (significance level = 

0.05)[19]. Annual percentage change (APC) with 95% confidence intervals (CI) were 

calculated for each trend line segment.  

Factors associated with vitamin D testing under the new criteria 
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To investigate the factors associated with vitamin D testing under the new criteria (i.e., after 

the introduction of the new MBS items on 1 November 2014), we used data from the 

Australian Longitudinal Study on Women’s Health (ALSWH) linked with data from the 

Medicare database by deterministic linking of participant information using a Personal 

Identification Number. Researchers only have access to de-identified participant data. 

Study population 

The ALSWH is a prospective, population-based study that explores women’s mental and 

physical health, and their use of health services across key life stages. The recruitment 

methods and response rates have been described in detail elsewhere[20,21]. The study began 

in 1996 and included three cohorts of women born in 1973-1978, 1946-1951 and 1921-1926.  

Participants within each cohort were randomly selected from the Medicare database, with 

women living in rural and remote areas sampled at twice the rate of women in urban areas to 

allow statistical comparisons between these groups.  

Our analysis included data from the 1946-1951 cohort. The 1996 baseline survey (Survey 1) 

was completed by 13,715 women when they were aged 45-50 years and the cohort has been 

surveyed every two to three years since. As we were interested in looking at the factors 

associated with vitamin D testing after the introduction of MBS items with new criteria on 1 

November 2014, we used data primarily from the seventh survey of the cohort, conducted in 

2013, to determine sociodemographic and health factors.   

Linking of Vitamin D testing data with ALSWH data 

Our outcome of interest was whether a woman had a vitamin D test after the introduction of 

the MBS items with new criteria. We obtained information on the frequency of vitamin D 

testing over the period 1 November 2014 to 30 June 2019 (latest available linked data). The 

following MBS item numbers for vitamin D testing were used in the analysis: #66833, 
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#66834, #66835, #66836 and #66837. We created a dichotomous variable (yes/no) based on 

whether a woman in the cohort had an MBS item for a vitamin D test between 1 November 

2014 and 30 June 2019.  

Covariates  

We considered whether the covariates described below potentially influenced vitamin D 

testing. Categories for each variable are included in Table 1. 

The ages of women were included as a continuous variable. Country of birth was only 

measured in the baseline survey in 1996. Highest education level was measured in 1996 and 

2010; we used the highest education level reported at either survey. All other variables are 

based on information from the 2013 survey. A woman’s usual place of residence was 

categorised according to level of remoteness using the Accessibility/Remoteness Index of 

Australia Plus (ARIA+) [22]. As people living in more southerly locations in Australia may 

have less sun exposure (and higher risk of vitamin D deficiency), we created a dichotomous 

latitude of residence variable using the geographic coordinates of participant’s address (‘-

30°S and above’ and ‘below -30°S’). The geographic coordinates of addresses were also 

mapped to statistical local areas and allocated the corresponding Index of Relative 

Socioeconomic Disadvantage (IRSD) score. The IRSD is developed by the Australian Bureau 

of Statistics at each Census of Population and Housing and uses a weighted combination of 

Census variables including income, education, occupation, employment, house and family 

structure[23]. The IRSD values were categorised into sample-specific quintiles.  

Body mass index (BMI) was calculated from self-reported weight and height[24]. Smoking 

status; alcohol consumption [25]; and physical activity level per week[26] were also 

considered.  
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Average annual number of general practitioner (GP) visits for the period 1 November 2014 to 

30 June 2019 were calculated using linked MBS data (Broad Type of Service MBS Item 

numbers #0101, #0102 and #0103): Number of visits/56 *12.  MBS items that are generally 

claimed at the same visit (for example, a standard GP visit and a chronic disease health 

assessment on the same day) were treated as one GP visit, but where more than one standard 

GP consultation was claimed on the same date, these were treated as separate GP visits. Bone 

density tests during the period 1 November 2014 to 30 June 2019 (MBS item numbers 

#12306, #12309, #2312, #12315, #12318, #12320, #12321, #12322, #12323) and number of 

vitamin D tests in the two years prior to the introduction of the items with new criteria (1 

November 2012 to 31 October 2014, MBS item numbers #66608, #66609) were also 

included.  

Statistical analysis for factors associated with testing 

We described the use of vitamin D testing in the ALSWH over an equivalent time period as 

the joinpoint regression analysis of all Australian women (aged 15+ years) enrolled in 

Medicare. We calculated the cumulative percent of women in the cohort tested for vitamin D 

status and the annual vitamin D testing rate (number of tests per 10,000 women) over the 

period for each year from 1996 to 2018 (last full year for which data were available) and 

visually compared this graph to those of our analysis of all Australian women in similar age 

groups. 

Baseline characteristics (survey 7, 2013) of women were described by vitamin D testing 

status under the new criteria (1 November 2014 to 30 June 2019). Differences between 

women who did and did not have vitamin D tests under the new criteria were assessed by the 

chi-squared test for categorical variables and the independent samples t-test for continuous 

variables. Women were excluded from the analysis if they had opted out of having their 
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survey data linked with their data from the Medicare database (n = 474) and if they had 

missing data on one or more covariates (n = 906). 

We estimated relative risks (RR) and 95% confidence intervals (CI) for associations between 

socioeconomic, demographic, health and health service utilisation factors and vitamin D 

testing under the new criteria. First, we included each factor in the model separately. 

Variables with a p-value <0.1 (likelihood ratio test) between vitamin D testing groups were 

then included in the final adjusted model. We used Poisson regression with robust error 

variance (as log-binomial models failed to converge when all variables were added into the 

model) and performed the analysis using PROC GENMOD with the REPEATED statement 

in SAS [27].  

All analyses were done using SAS software, Version 9.4 (TS1M5) of the SAS system for 

windows Copyright © 2016 by SAS Institute Inc. SAS and all other SAS Institute Inc. 

product or service names are registered trademarks or trademarks of SAS Institute Inc., 

Carey, NC, USA.  

RESULTS  

Trends in vitamin D testing rates  

Between 1996 and 2019 a total of 27.3 million vitamin D tests were done for Australian 

women aged 15 years and over. The majority of tests (93%) were done between 2009 and 

2019. In all years, the highest percentage of vitamin D tests were in women aged 55-74 years 

(33% in 2019).  

In all age groups, three changes in the linear trend in rates of testing (joinpoints) were 

identified across the study period (Figure 1, online supplementary material Table S2). The 

time points for these changes in rates were similar in all age groups. The first joinpoint 

occurred 24 to 25 years after the start of the study period, that is in 2009 or 2010. Between 
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1996 and the first joinpoint, the annual percent change (APC) in rates of vitamin D testing 

ranged from a 49% increase (95% CI 46% - 53%) in the 65-74 year age group to a 78% (95% 

CI 71% - 85%) increase in the 25-34 year age group. The second joinpoint occurred in 2012 

or 2013. Between the first and second joinpoints (2009/2010 and 2012/2013), the APC in 

rates ranged from a 7% to 25% increase and was not significantly different from zero in the 

45-74 year age groups (Figure 1, online supplementary material Table S1), indicating a 

slowing of the rate of the increase in testing. The third joinpoint occurred in 2016; the time 

period between the second and third joinpoints (2012/2013 to 2016) includes the date on 

which the MBS items with new criteria were introduced (1 November 2014). During this 

period there was a statistically significant decline in the vitamin D testing rates in all age 

groups with an APC ranging from -5.1% (95% CI -9.4% - -0.6%) in the 85+ year age group 

to -17.6% (95% CI -28.7% - -4.9%) in the 45-54 year age group. Between the third joinpoint 

and the end of the study period (2016 to 2019) the decline in rates was reversed, returning to 

a statistically significant increase in testing rates with an APC of 8% to 13% in all age groups 

(Figure 1, online supplementary material Table S1).  

Factors associated with vitamin D testing under the new criteria 

Our analysis using data from the ALSWH included 7,771 women with complete information 

on all covariates. The cumulative proportion of women in the cohort who had at least one 

vitamin D test between January 1996 and December 2018 was 79%. Figure 2 shows the 

pattern of the annual vitamin D testing rate (per 10,000 women) in the ALSWH.  Visual 

comparison of Figure 2 to Figure 1 indicates the pattern of the annual vitamin D testing rate 

between 1996 and 2019 was similar in ALSWH and the Australian female population 

enrolled in Medicare. The majority of women included in the study also had at least one 

vitamin D test after the introduction of the new criteria (56%). Differences in the 

sociodemographic and health characteristics of women who had at least one vitamin D test 
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versus women who did not have a test after 1 November 2014 (under the new criteria) were 

observed for all characteristics studied except alcohol consumption and physical activity level 

(Table 1).  

When included in a multivariable model, having less than a high school education, living 

outside a major city, and being a current smoker reduced the likelihood of having a vitamin D 

test under the new criteria. In contrast, living at a lower latitude, visiting a GP on average 

more than twice a year, having a bone density test (between November 2014 and June 2019), 

and having a vitamin D test in the two years before the introduction of the new MBS items 

increased the likelihood of having a vitamin D test under the new criteria (Table 2). The 

strongest associations were seen in women who visited their GP on average more than 12 

times per year or between 8 and 12 times per year compared to women who visited on 

average two  or fewer times a year (RR 1.85; 95% CI 1.61- 2.12 and RR 1.68; 95% CI 1.46 - 

1.92 respectively); and women who had two or more vitamin D tests in the two years prior to 

the new MBS items compared to women who did not have a test in the two years prior (RR 

1.55; 95% CI 1.48 - 1.62) (Table 2).   

DISCUSSION  

After a substantial increase in the rates of testing for vitamin D in Australian women aged 15 

years and over between 1996 and 2009/2010, there was a slowing in the rate of increase 

between 2009/2010 and 2013, followed by a decline in testing rates between 2013 and 2016 

(which includes 1 November 2014, when new MBS criteria were introduced). This trend was 

reversed between 2016 and 2019, with testing rates again increasing in all age groups.  

In our analysis using data from the participants in the ALSWH who were born in 1946-51, 

women who visited their GP more often, and those with a history of vitamin D testing, were 

more likely to have a vitamin D test under the new criteria. Current smokers, women living 
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outside a major city and women with less than a high school education were less likely to 

have a vitamin D test under the new criteria.  

Our results are consistent with other recent analyses for the Australian population that 

showed a decline in vitamin D testing in the 12 to 18-month period following the introduction 

of the new MBS criteria at the end of 2014[16,17], but that this decline has reversed since 

2016[28]. A novel aspect of our study was that we have assessed the changes in the rates of 

vitamin D testing over a 24-year period.  

A small number of studies have investigated the socioeconomic and health factors associated 

with vitamin D testing. As in our study, residing in urban areas has been found to be 

associated with higher odds of vitamin D testing in both Australian[17] and Canadian[8] 

studies. Being an immigrant or having a non-English speaking background has been 

associated with higher odds of testing [29,30]; although in a Canadian study this association 

was confined to those of ‘visible minority’ status, not the immigrant population more 

broadly[31]. In our study, being born in a non-English speaking country was associated with 

a higher likelihood of vitamin D testing in the univariate analysis but this association was 

attenuated in the multivariable analysis (although, the proportion of women born in a non-

English speaking country in our study was small ~ 8%). Our finding of less likely vitamin D 

testing with a less than high school education is in contrast to a Canadian study that found a 

university education was associated with a lower likelihood of testing[31]; however, in that 

study education level was measured at the area level rather than individual level which may 

explain the differences. In our study, current smokers had a lower likelihood of testing, which 

differs from another Australian study using data from GP practices, which found no 

association between smoking status and vitamin D testing. However, the sensitivity of GP 

detection of smoking status (~60%) may have biased this result[32]. We found no other 

studies that looked at health service use and vitamin D testing for comparison. 
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While testing rates at the end of the study period had not returned to the peak rates seen in 

2013 (with the exception of the 85+ year age group), they were still much higher than the 

prevalence of moderate (12.5 – 29 nmol/L) and severe (< 12.5 nmol/L) levels of vitamin D 

deficiency in the Australian population (6% and <1% respectively [33]). This suggests that at 

least some level of over-testing for vitamin D deficiency in Australian women is still 

occurring, and is further supported by a study using patient data from a general practitioner 

database, where more than two-thirds of the patients tested after the introduction of the new 

criteria met none of these criteria, and only 6.5% had results showing moderate or severe 

vitamin D deficiency [17]. In this cohort of women aged 62 to 67 years of age, 56% had at 

least one vitamin D test in the 5 years after the new criteria were introduced. Those who had 

a vitamin D test in the 2 years prior to introduction of new criteria were more likely to also 

have a vitamin D test in the period after. This could indicate that women are either being 

routinely tested for vitamin D deficiency as part of a suite of regular blood tests, or those with 

some level of vitamin D deficiency are having their vitamin D levels monitored (including 

testing for potential vitamin D toxicity if high levels of supplementation have commenced). 

The Royal Australian College of General Practitioners and the Royal College of Pathologists 

of Australasia (RCPA) recommend against routine screening for vitamin D deficiency in 

asymptomatic populations [12,11]. The RCPA supports testing of individuals at risk of 

vitamin D deficiency as a case finding strategy, and recommends repeat vitamin D testing to 

check the efficacy of supplementation; it also states that annual testing (in the same 

laboratory and at the end of winter) may be appropriate in older individuals (age threshold 

undefined) or when risk factors for vitamin D deficiency have changed since initial 

testing[11].   

Our findings of greater likelihood of vitamin D testing for women who had bone density tests 

and lived at lower latitudes indicate that a degree of targeted testing may be occurring in 
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women at higher risk of vitamin D deficiency (due to risk of osteoporosis and low sun 

exposure). A higher likelihood of testing was also associated with more GP visits per year, 

suggesting that interaction with the health system per se may also lead to more testing, 

although whether this is practitioner- or patient-driven is unclear.  

Strengths of this study are the completeness of vitamin D testing data sourced from the 

Medicare database (with Medicare subsidising testing for all Australian citizens and 

permanent residents) and the large national community-based sample of ALSWH. 

Limitations are that we could not distinguish between whether women had a 25-

hydroxyvitamin D or a 1,25-dihydroxyvitamin D test across the whole study period, so we 

could not conduct separate analyses on the trends in rates of these tests. However, testing for 

1,25-dihydroxyvitamin D is rare. Between 2014 and 2019 the percent of vitamin D tests that 

were serum 1,25-dihydroxyvitamin D tests was less than 1% in all age groups in all years; 

only 27 women in the ALSWH study population had this test between 2014 and 2019.    

In our analysis using survey data from ALSWH, information on socioeconomic and health 

behaviours were self-reported and may be subject to the inherent biases associated with this 

method of data collection. In addition, we did not have information on whether women in the 

study were vitamin D deficient so we could not assess the appropriateness of testing at the 

individual level and we did not have information on whether the women were taking vitamin 

D supplements during the study period. Future research using study populations that have 

individual level data on vitamin D testing, reasons for testing, vitamin D sufficiency and 

vitamin D supplementation to quantify the extent of over-testing in the Australian population 

is warranted.  

In conclusion, the introduction of new criteria for vitamin D testing in Australia has not led to 

sustained declines in testing. High testing rates and repeated testing suggests that at least 

some level of over-testing for vitamin D deficiency in Australian women is still occurring.  
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Table 1 Sociodemographic and health characteristics of participants in the Australian Longitudinal Study on 
Women’s Health born 1946-1951 by vitamin D testing status (n=7,771), with univariate relative risks (RR) and 95% 
confidence intervals (CI) for the associations between these characteristics and vitamin D testing status under new 
criteria. 

 

No vitamin D test 
between 1 

November 2014 
and 30 June 2019 

(n = 3419) 

At least one 
vitamin D test 

between 1 
November 2014 

and 30 June 
2019 

(n = 4352) 

RR (95% CI) p-value 

 N % N %   
Age at survey in 2013 Mean sd Mean sd  0.013 

age (years) 64.7 1.46 64.8 1.47 
1.02 (1.00, 1.03) 
per year older  

Level of educationa      0.012 
Degree or higher 676 19.8 989 22.7 Ref.  
Trade/diploma 854 25.0 1063 24.4 0.93 (0.88, 0.99)  
High school 682 20.0 860 19.8 0.94 (0.88, 1.00)  
Less than high school 1207 35.3 1440 33.1 0.92 (0.87, 0.97)  
Rurality/accessibility      <.0001 
Major cities 1150 33.6 1859 42.7 Ref.  
Inner regional 1441 42.2 1648 37.9 0.86 (0.83, 0.90)  
Outer regional/Rural/Remote 828 24.2 845 19.4 0.82 (0.77, 0.86)  
Locational disadvantage      <.0001 
IRSD Quintile 5 (least disadvantaged) 596 17.4 989 22.7 Ref.  
IRSD Quintile 4 691 20.2 908 20.8 0.91 (0.86, 0.96)  
IRSD Quintile 3 696 20.4 816 18.8 0.86 (0.81, 0.92)  
IRSD Quintile 2 734 21.5 815 18.7 0.84 (0.79, 0.90)  
IRSD Quintile 1 (most disadvantaged) 702 20.5 824 18.9 0.87 (0.81, 0.92)  
Country of birthb      0.010 
Australian born 2703 79.1 3373 77.5 Ref.  
Other English-speaking background 489 14.3 611 14.0 1.00 (0.94, 1.06)  
Non-English-speaking background 227 6.6 368 8.5 1.11 (1.04, 1.19)  
Latitude      <.0001 
-30o S and above 1091 31.9 1056 24.3 Ref.  
below -30o S 2328 68.1 3296 75.7 1.19 (1.14, 1.25)  
Body Mass Index       0.063 
< 25 kg/m2 1189 34.8 1624 37.3 Ref.  
25-29.99 kg/m2 1176 34.4 1454 33.4 0.96 (0.91, 1.00)  
>30 kg/m2 1054 30.8 1274 29.3 0.95 (0.90, 1.00)  
Tobacco smoking       0.001 
Never smoker 2095 61.3 2792 64.2 Ref.  
Former smoker 1066 31.2 1314 30.2 0.97 (0.93, 1.01)  
Current smoker 258 7.6 246 5.6 0.85 (0.78, 0.94)  
Alcohol consumption       0.203 
Never/rarely drinker 1303 38.1 1700 39.1 Ref.  
Low-risk drinker 1894 55.4 2410 55.4 0.99 (0.95, 1.03)  
Risky/high-risk drinker 222 6.5 242 5.6 0.92 (0.84, 1.01)  
Physical activity level      0.525 
Nil/sedentary 542 15.9 739 17.0 Ref.  
Low 716 20.9 890 20.5 0.96 (0.90, 1.02)  



25 
 

 

No vitamin D test 
between 1 

November 2014 
and 30 June 2019 

(n = 3419) 

At least one 
vitamin D test 

between 1 
November 2014 

and 30 June 
2019 

(n = 4352) 

RR (95% CI) p-value 

 N % N %   
Moderate  744 21.8 914 21.0 0.96 (0.90, 1.02)  
High 1417 41.4 1809 41.6 0.97 (0.92, 1.03)  
Average number of GP visits per year 2014 to 
2019       <.0001 
2 or less visits 325 9.5 140 3.2 Ref.  
3-4 visits 664 19.4 543 12.5 1.49 (1.28, 1.74)  
5-7 visits 1182 34.6 1313 30.2 1.75 (1.51, 2.02  
8-12 visits 911 26.7 1498 34.4 2.07 (1.79, 2.38)  
12+ visits 337 9.9 858 19.7 2.38 (2.07, 2.75)  
Bone density test 2014 to 2019       <.0001 
No 2651 77.5 2260 52.1 Ref.  
Yes 768 22.5 2083 47.9 1.58 (1.53, 1.64)  
Frequency of vitamin D testing 2 years prior 
to new MBS item (1NOV2012 to 31OCT2014)      <.0001 
No test 2342 68.5 1828 42.0 Ref.  
1 test 798 23.3 1426 32.8 1.46 (1.40, 1.53)  
2+ tests 279 8.2 1098 25.2 1.82 (1.74, 1.90)  

a measured in 1996 and 2010 with the highest education level reported in either year used in the analysis 
b measured in 1996 
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Table 2 Relative risks (RR) and 95% confidence intervals (CI) for the associations between sociodemographic 
and health factors and having at least one vitamin D test between 1 November 2014 and 30 June 2019 among 
participants in the Australian Longitudinal Study on Women’s Health born 1946-51 (n=7,771) in a multivariable 
model. 

 RR (95% CI)a 
Age at survey 2013 (per year older) 0.98 (0.97, 1.00) 
Level of educationb  
Degree or higher Ref. 
Trade/diploma 0.95 (0.91, 1.01) 
High school 0.97 (0.92, 1.03) 
Less than high school 0.94 (0.89, 0.99) 
Remoteness  
Major cities Ref. 
Inner regional 0.92 (0.88, 0.96) 
Outer regional/Rural/Remote 0.93 (0.88, 0.98) 
Locational disadvantage  
IRSD Quintile 5 (least disadvantaged) Ref. 
IRSD Quintile 4 0.97 (0.92, 1.02) 
IRSD Quintile 3 0.94 (0.89, 1.00) 
IRSD Quintile 2 0.92 (0.87, 0.98) 
IRSD Quintile 1 (most disadvantaged) 0.95 (0.90, 1.01) 
Country of birthc  
Australian born Ref. 
Other English-speaking background 1.00 (0.95, 1.05) 
Non-English-speaking background 1.03 (0.96, 1.09) 
Latitude  
-30o S and above Ref. 
below -30o S 1.11 (1.06, 1.16) 
Body Mass Index   
< 25 kg/m2 Ref. 
25-29.99 kg/m2 0.97 (0.93, 1.01) 
>30 kg/m2 0.97 (0.92, 1.01) 
Tobacco smoking   
Never smoker Ref. 
Former smoker 0.96 (0.93, 1.00) 
Current smoker 0.89 (0.82, 0.97) 
Average number of GP visits per year 2014 to 2019   
2 or less visits Ref. 
3-4 visits 1.35 (1.16, 1.55) 
5-7 visits 1.49 (1.30, 1.71) 
8-12 visits 1.68 (1.46, 1.92) 
12+ visits 1.85 (1.61, 2.12) 
Bone density test 2014 to 2019   
No Ref. 
Yes 1.41 (1.36, 1.46) 
Frequency of vitamin D testing 2 years prior to new MBS item  
(1 November 2012 to 31 October 2014) 

 

No test Ref. 
1 test 1.34 (1.28, 1.40) 
2+ tests 1.55 (1.48, 1.62) 
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a All variables listed are included in the model. 
b measured in 1996 and 2010 with the highest education level reported in either year used in the analysis 
c measured in 1996 
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Figure 1  Age-specific vitamin D testing rates (per 10,000) in Australian women aged 15 years and 
older enrolled in Medicare and joinpoints indicating change in trend over the period January 1996 to 
December 2019. 
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Figure 2  Annual rate (per 10,000 women) of vitamin D testing between January 1996 and 
December 2018 in a cohort of Australian women from the Australian Longitudinal Study on 
Women’s Health aged 45-50 years in 1996 
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Table S1 Medicare Benefits Schedule (MBS) item numbers and descriptors  

MBS item no. Item descriptor 
Vitamin D testing items prior to 1 November 2014 
66608 Vitamin D or D fractions – 1 or more tests 
66609 A test described in item 66608 if rendered by a receiving Approved Pathology Practitioner – 

1 or more tests (Item is subject to rule 18a). 
Vitamin D testing MBS items from 1 November 2014 
66833 25-hydroxyvitamin D, quantification in serum, for the investigation of a patient who:  

a) has signs or symptoms of osteoporosis or osteomalacia; or  

b) has increased alkaline phosphatase and otherwise normal liver function tests; or  

c) has hyperparathyroidism, hypo- or hypercalcaemia, or hypophosphataemia; or  

d) is suffering from malabsorption (for example, because the patient has cystic fibrosis, 
short bowel syndrome, inflammatory bowel disease or untreated coeliac disease, or 
has had bariatric surgery); or  

e) has deeply pigmented skin, or chronic and severe lack of sun exposure for cultural, 
medical, occupational or residential reasons; or  

f) is taking medication known to decrease 25OH-D levels (for example, 
anticonvulsants); or  

g) has chronic renal failure or is a renal transplant recipient; or  

h) is less than 16 years of age and has signs or symptoms of rickets; or  

i) is an infant whose mother has established vitamin D deficiency; or  

j) is a exclusively breastfed baby and has at least one other risk factor mentioned in a 
paragraph in this item; or  

k) has a sibling who is less than 16 years of age and has vitamin D deficiency   

66834 A test described in item 66834 if rendered by a receiving Approved Pathology Practitioner 
(item is subject to Rule 18a) 

66835 1, 25-dihydroxyvitamin D - quantification in serum, if the request for the test is made by, or 
on advice of, the specialist or consultant physician managing the treatment of the patient 

66836 1, 25-dihydroxyvitamin D—quantification in serum, if:  
(a) the patient has hypercalcaemia; and  
(b) the request for the test is made by a general practitioner managing the treatment of the 
patient  

66837 A test described in item 66835 or 66836 if rendered by a receiving Approved Pathology 
Practitioner (item is subject to Rule 18a) 

a Rule 18 is an arrangement under which Medicare benefits payable in a patient episode for a set of pathology 
services containing more than three items, ordered by a general practitioner for a non-hospitalised patient, 
will be equivalent to the sum of the benefits for the three items with the highest Schedule fees. 
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Table S2 Trends in vitamin D testing rates and joinpoint regression analysis, women aged 15 years and over, Australia January 1996 to December 2019. 

Age 
group 
(years) 

Vitamin D testing rate per 10,000 women (95% CI) Joinpoint analysis 

 1996 2010 2013 2016 2019 Time period APC (95% CI) 
15-24  1.0 (0.8, 1.2) 732.7 (728.2, 737.1) 1455.2 (1449.0, 1461.4) 895.7 (890.9, 900.6) 1190.6 (1185.0, 1196.2) 1996-2010 

2010-2013 
2013-2016 
2016-2019 

74.7 (68.2, 81.4) 
24.6 (13.7, 36.5) 
-16.6 (-24.0, -8.4) 

12.8 (7.9, 18.0) 
25-34 1.9 (1.7, 2.1) 1435.7 (1429.7, 1441.7) 2731.6 (2723.6, 2739.5) 1815.4 (1809.1, 1821.7) 2165.0 (2158.32 2171.8) 1996-2010 

2010-2013 
2013-2016 
2016-2019 

78.0 (71.2, 85.1) 
22.8 (12.1, 34.5) 
-14.7 (-22.0, -6.7) 

8.2 (3.6, 13.0) 
35-44 3.8 (3.5, 4.1) 1577.5 (1571.4, 1583.6) 2572.1 (2564.5, 2579.8) 1670.3 (1664.2, 1676.4) 2180.3 (2173.5, 2187.1) 1996-2010 

2010-2013 
2013-2016 
2016-2019 

68.7 (61.9, 75.9) 
16.6 (3.5, 31.2) 

-14.4 (-24.3, -3.3) 
11.4 (5.1, 18.1) 

45-54 8.3 (7.8, 8.8) 2202.7 (2195.3, 2210.1) 3078.6 (3070.0, 3087.2) 1760.3 (1753.9, 1766.7) 2252.8 (2245.7, 2259.9) 1996-2010 
2010-2013 
2013-2016 
2016-2019 

58.7 (52.9, 64.7) 
10.3 (-3.3, 25.8) 

-17.6 (-28.7, -4.9) 
10.9 (3.4, 19.0) 

55-64 15.7 (14.8, 16.6) 2869.0 (2859.7, 2878.2) 3781.5 (3771.2, 3791.8) 2237.2 (2229.5, 2244.9) 2844.9 (2836.5, 2853.3) 1996-2010 
2010-2013 
2013-2016 
2016-2019 

52.6 (48.1, 57.2) 
8.1 (-3.3, 20.8) 

-16.5 (-26.0, -5.7) 
10.5 (4.3, 17.1) 

65-74 20.2 (19.1, 21.3) 3487.2 (3474.5, 3500.0) 4486.5 (4473.1, 4500.1) 2845.6 (2835.6, 2855.6) 3695.4 (3684.6, 3706.2) 1996-2010 
2010-2013 
2013-2016 
2016-2019 

49.2 (45.8, 52.7) 
6.6 (-3.1, 17.2) 

-14.2 (-22.2, -5.4) 
10.8 (6.0, 15.9) 

75-84 17.1 (15.9, 18.3) 3776 (3760.3, 3792.9) 4932.9 (4914.6, 4951.2) 3472.5 (3457.7, 3487.3) 4607.2 (4591.0, 4623.4) 1996-2009 
2009-2012 
2012-2016 
2016-2019 

52.1 (48.2, 56.1) 
18.8 (7.3, 31.5) 
-8.4 (-12.7, -3.9) 
10.2 (5.4, 15.2) 

85+ 11.2 (9.6, 12.8) 3161.2 (3139.4, 3183.0) 3882.9 (3660.2, 3905.6) 3135.7 (3116.0, 3155.4) 4470.0 (4447.1, 4492.8) 1996-2009 
2009-2012 
2012-2016 
2016-2019 

52.9 (48.9, 57.0) 
12.8 (1.9, 25.0) 
-5.1 (-9.4, -0.6) 
12.8 (8.3, 17.6) 

ABBREVIATIONS 95% CI = 95% confidence interval; APC = annual percent change 
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