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Vitamin D deficiency, 
supplementation and 
testing: have we got it  
right in New Zealand?

Mark J Bolland, Alison Avenell, Andrew Grey

ABSTRACT
BACKGROUND: Severe prolonged vitamin D deficiency can cause rickets or osteomalacia. Both can be 
prevented by sunshine exposure or vitamin D supplementation. Although New Zealand guidance does not 
recommend vitamin D supplementation for the general population, it can be considered for individuals 
at risk of vitamin D deficiency. Routine measurement of 25-hydroxyvitamin D (25OHD) is also considered 
unnecessary. 
METHODS: We investigated the rates of vitamin D supplementation, rickets and osteomalacia in New 
Zealand, and of 25OHD results in Auckland, over the last two decades. 
RESULTS: Vitamin D prescriptions increased 14-fold, from 86,295/year to 1,215,507/year, between 2003 and 
2019, with medication costs alone in 2019 being >$1 million. Despite these changes, the annual prevalence 
of hospital admissions for rickets, osteomalacia and unspecified vitamin D deficiency remained low and 
stable (10–20/year). 25OHD concentrations increased between 2002 and 2003 and between 2009 and 
2019, and in the later time-period, 25OHD tests mainly identified individuals without vitamin D deficiency 
(40–50% >75nmol/L, 65–70% >50nmol/L and only 7–12.5% <25nmol/L).
CONCLUSIONS: Osteomalacia and rickets persist at low rates despite widespread, increasingly costly 
vitamin D supplementation and testing, which largely identifies individuals without vitamin D deficiency. 
These results suggest that vitamin D guidance and practice in New Zealand should change. 

Severe prolonged vitamin D deficiency 
can cause rickets in children or osteo-
malacia in adults. Both are easily pre-

vented by sunshine exposure and prevented 
or treated with vitamin D supplementation. 
Beyond these uncontroversial issues, vita-
min D supplementation remains surprising-
ly topical. In the media, it is often portrayed 
enthusiastically as a cure for a wide range 
of illnesses,1,2whereas in scientific litera-
ture it is a subject of much debate.3–6 For 
example, definitions of vitamin D deficiency 
range from 25-hydroxyvitamin D (25OHD) 
<25nmol/L to <100nmol/L,7–10 even though 
the prevalence of biochemical osteomalacia 
is very low when 25OHD is <25nmol/L.11

New Zealand guidance on vitamin D 
supplementation and testing has been 
consistent for many years: supplemen-
tation is not recommended for the general 
population, but it can be considered for 

individuals from groups at risk of vitamin D 
deficiency.12 At-risk groups are identified in 
this guidance: people with deeply pigmented 
skin, especially those who wear full-body 
coverage clothing; people who actively avoid 
sun exposure; people with low mobility who 
are frail or housebound; people in southern 
regions who spend a limited amount of time 
outdoors; and people with certain medical 
disorders (eg, kidney failure, malabsorption 
syndromes).12 It is recognised that, because 
vitamin D testing costs considerably more 
(~$30 for gold standard LC-MS/MS assay 
costs alone) than vitamin D supplementation 
($0.25/monthly tablet), supplementation for 
high-risk individuals should be undertaken 
without testing. Measurement of 25OHD, 
the accepted test for assessing vitamin D 
status, is only indicated for investigation of 
clinically suspected and symptomatic severe 
vitamin D deficiency, some biochemical 
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abnormalities (eg, hypocalcaemia and hypo-
phosphataemia) and certain metabolic bone 
disorders.12

Despite the unchanged guidance, vitamin 
D supplementation has been rising. We 
sought to quantify changes in prescriptions 
for vitamin D (chemical ID: 1187, name: 
colecalciferol) in recent years, and whether 
there have been any corresponding changes 
in the prevalence of the consequences of 
severe vitamin D deficiency, rickets and 
osteomalacia or changes in testing for 
25OHD. We have also compared 25OHD 
results from 2009–2019 with previously 
published results from 2002–2003. We then 
considered whether the temporal patterns 
identified have implications for current 
vitamin D guidance.

Methods
We obtained data on prescriptions for 

colecalciferol in New Zealand from between 
2003 to 2019 and data on hospitalisations 
with ICD-10 discharge codes for osteoma-
lacia (M83), rickets (E55.0) and vitamin D 
deficiency (E55) for 2000–2018 from Stats 
NZ. We obtained deidentified data from 
Testsafe, the Auckland regional biochem-
istry database that includes results from 
community and hospital patients, for all 
measurements of 25OHD between 1 January 
2009 and 31 December 2019.11 Several 
different 25OHD assays in different labora-
tories were used during this time-period, 
including the Diasorin radioimmunoassay, 
Diasorin Liaison and immunoassays on 
the Roche, Siemens and Abbot platforms. 
However, the overwhelming majority of 
tests during this period were done at one 
laboratory, Labplus, largely using the Roche 
assay. In 2012, Auckland District Health 
Board (ADHB) introduced restrictions on 
25OHD requests at Labplus because of rising 
numbers of requests and costs.13 These 
restrictions included requests being limited 
to certain specialists; to individuals from 
high risk groups for rickets/osteomalacia; 
for investigation of rickets/osteomalacia; 
for disorders of calcium and phosphate 
metabolism, osteoporosis or other meta-
bolic bone disease; to patients with chronic 
renal failure and renal transplant recipients; 
and to children. Tests requested for other 
reasons were declined.

We compared the results from 2009–2019 
with earlier results from Labplus between 
1 January 2002 and 30 September 2003. At 
that time, Labplus was the only laboratory 
in the Auckland region measuring 25OHD, 
and all measurements during this period 
used the Diasorin radioimmunoassay.14 

Descriptive data (eg, frequencies, 
proportions, means and standard devi-
ations (SDs)) are presented. For the 
analyses presenting summary 25OHD 
data by the time of the year, sine curves 
were fitted to model the seasonal vari-
ation (25OHD=a+b*sin(2Π/365*day of 
year)+c*cos(2Π/365*day of year)). All 
analyses were conducted with the R 
software package (R 3.5.1, 2019, R Foun-
dation for Statistical Computing, Vienna, 
Austria). 

Results
Figure 1A shows that the number of 

colecalciferol prescriptions increased from 
about 6,000 per month in early 2003 to about 
107,000 per month by late 2019. Translated 
to yearly values, there was a 14-fold increase 
in annual prescriptions, from 86,295 in 2003 
to 1,215,507 in 2019. Assuming an average 
cost of $1 per prescription for colecalciferol, 
this equates to an increase in the cost of 
supplementation from <$100,000 per year 
to >$1.2 million per year, and this ignores 
the cost to the patient of any prescription 
charges (currently $5 per prescription for 
individuals >13 years without other exemp-
tions) and costs from doctor and pharmacy 
visits to obtain the prescription.

Figure 1B shows the annual prevalence 
of hospital admissions in New Zealand 
for rickets, osteomalacia and unspecified 
vitamin D deficiency. The total number of 
admissions per year for these three condi-
tions ranged between 10 and 20 with no 
obvious change in the number of admissions 
per year for any condition over time. 

Figure 2 shows the rates of 25OHD 
measurements in the Auckland region 
between 2009 and 2019, along with the 
distribution of 25OHD results during this 
period. Two striking features in Figure 2 are 
the decrease in 25OHD concentrations in 
2010 and the decrease in tests after 2012. In 
November 2009, there was a re-standardi-
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Figure 1: (A) The number of prescriptions per month for vitamin D in New Zealand. (B) The number of 
hospital admissions per year for osteomalacia, rickets and unspecified vitamin D deficiency.
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sation of the Roche assay used by Labplus, 
which led to results that were about 20% 
lower than previously. This explains the 
dramatic decrease in mean 25OHD in 2010. 
In 2012, ADHB introduced restrictions 
on 25OHD requests, which led to about a 
five-fold decrease in the number of tests 
per year. Despite the introduction of these 
restrictions, mean 25OHD remained stable 
after 2012, at approximately 70nmol/L 
each year (Figure 2C). Likewise, after 2012 
the proportion of individuals with 25OHD 
<25nmol/L was low and stable (range 
7.5%–12.5%); only approximately one 
third of individuals had 25OHD <50nmol/L 
(range 30%–35%); and 40%–50% had 25OHD 
>75nmol/L (Figure 2D). 

The mean (55nmol/L) and median 
(53nmol/L) 25OHD were lower, and the 
proportions of individuals with 25OHD 
<50nmol/L and <75nmol/L were larger, in 
the earlier (2002–2003) compared to the 
later time-period (Figure 3). Similarly, the 
proportion with 25OHD <25nmol/L was 
higher in the earlier time-period. Figure 

4 shows some loss of seasonal variation 
of 25OHD during the winter months in 
the later time-period. In 2002–2003, the 
mean 25OHD throughout the year closely 
followed a sine curve (Figure 4C), and, 
as expected, the proportions of 25OHD 
<25nmol/L and 25–50nmol/L were lower 
in summer and higher in winter, whereas 
the proportions of 25OHD 50–75nmol/L 
and >75nmol/L were higher in summer and 
lower in winter (Figure 4D). In contrast, 
in 2009–2019 there was little variation in 
mean 25OHD during the winter, spring and 
early summer months (Figure 4A): in weeks 
1–4 (January) and 26–52 (end of June till 
December), the weekly mean 25OHD was 
between 57nmol/L and 65nmol/L. Reflecting 
the different seasonal variations during 
these weeks between the two time-pe-
riods, the variance of weekly mean 25OHD 
during these time-periods was smaller in 
2009–2019 (4.4nmol/L) than in 2002–2003 
(29nmol/L, P<0.001, F test). Likewise, there 
was less seasonal variation in the monthly 
proportions of individuals in each subgroup 
defined by 25OHD compared to the 2002–

Figure 2: (A) The distribution of 25-hydroxyvitamin D (25OHD) results between 2009 and 2019. The 
black bars indicate results that were below the lower limit or above the higher limit of detection. (B) 
The number of 25OHD tests by year. (C) The mean (SD) 25OHD by year. (D) The proportion of 25OHD 
<25, <50 or <75nmol/L by year.
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2003 period. In particular, there was very 
little variation in these proportions between 
July and January (Figure 4B). 

Discussion
Despite no change in guidance, vitamin 

D supplementation in New Zealand has 
increased dramatically over the last two 
decades and now exceeds 1.2 million 
prescriptions each year. Even with this very 
large increase, there is no evidence that the 
prevalence of the consequences of severe 
vitamin D deficiency, rickets and osteoma-
lacia have changed over time. Fewer than 
20 hospital admissions per year occur for 
these conditions or unspecified vitamin 
D deficiency. Between the two different 
time-periods (2002–2003 and 2009–2019), 
25OHD concentrations increased; the 
proportions of measurements with 25OHD 
>50nmol/L and >75nmol/L grew and the 
proportions with 25OHD <25nmol/L shrank; 
and seasonal variation in 25OHD, particu-
larly during the winter months, diminished. 
It seems most likely that the differences 
between the two time-periods are largely 
due to the increase in vitamin D supplemen-
tation from the first to second time-period. 
Since 2009, vitamin D measurements have 
mostly identified individuals without low 

vitamin D status: 40%–50% of 25OHD 
measurements were >75nmol/L, 65%–70% 
were >50nmol/L and only about 10% were 
<25nmol/L. Particularly noteworthy is that, 
even after restrictions for measuring 25OHD 
were introduced, the distribution of 25OHD 
results changed only a little, and there were 
no subsequent changes in proportions of 
results with 25OHD <25nmol/L. 

Collectively, these findings suggest that 
the supplementation of vitamin D in New 
Zealand needs to change. Although vitamin 
D supplements are inexpensive to prescribe 
to an individual, their widespread use 
creates substantial costs for the health 
system and individual patients, and there 
is no clear clinical benefit from this expen-
diture. Adding to this concern is that, despite 
widespread supplementation, osteomalacia 
and rickets persist at a low prevalence, and 
vitamin D testing is still not targeting indi-
viduals at high risk of vitamin D deficiency. 

Rickets and osteomalacia caused by 
vitamin D deficiency are both preventable. 
About two thirds of cases of osteoma-
lacia in Auckland occur in the community 
setting,11 suggesting that there may be 
still about 10 cases per year of osteoma-
lacia in New Zealand, despite widespread 
supplementation. Two publications have 

Figure 3: The distribution of 25-hydroxyvitamin D (25OHD) results between 2002 and 2003.



91

ARtIcLe

NZMJ 3 September 2021, Vol 134 No 1541
ISSN 1175-8716   © NZMA
www.nzma.org.nz/journal

reported data on rickets due to vitamin 
D deficiency in New Zealand. In 1998, 18 
children <5y with rickets due to vitamin 
D deficiency and 25OHD measurements 
<25nmol/L were identified in Auckland from 
hospital notes.15 Although not explicitly 
stated, given the severity of their symptoms, 
all these cases likely had hospital care. 
A survey of New Zealand paediatricians 
between 2010 and 2013 identified 58 cases 
of rickets over 36 months in children <15 
years.16 Again, the number of hospitalisa-
tions was not reported, but based on the 
reported symptoms, it is likely the majority 
had hospital care. The approximate corre-
sponding number of cases of rickets in this 
time-period, given the hospital discharge 
data, was 15, which suggests that the total 
number of cases of rickets in New Zealand 
is likely to be about four times the numbers 
generated from discharge coding. This 
suggests an ongoing rate of approximately 
20 cases each year. The occurrence of 30 
cases per year of these two preventable 
illnesses, despite annual vitamin D prescrip-
tions increasing and exceeding 1.2 million 
in 2019, supports the view that different 
approaches to those currently being under-
taken are required. Examples would include 
education programmes for high-risk groups, 
targeted supplementation programmes or 
food fortification.17

Vitamin D supplementation is wide-
spread, even though the risk of rickets and 
osteomalacia is very low (and not being 
eradicated). So why are New Zealand prac-
titioners increasingly prescribing vitamin 
D supplements? In the recent past, vitamin 
D has been promoted for the prevention 
of falls18 and, in combination with calcium 
supplementation, for the prevention of 
fractures.19 However, recent clinical trials 
have not found evidence that vitamin D 
(without calcium supplements) improves 
bone density4,20 or prevents falls and frac-
tures4 or other extra-skeletal conditions3,21–24 
in populations with vitamin D insufficiency 
or sufficiency. Calcium supplementation 
is no longer recommended for fracture 
prevention because the risks outweigh 
the benefits.25–28 This has led to changes in 
recommendations, such that vitamin D is no 
longer recommended for the prevention of 
falls or fractures.28,29 If this guidance were 
followed and supplementation given only 

to individuals at high risk of osteomalacia 
or rickets or with specific medical indica-
tions,12 it is likely that supplementation rates 
would decrease markedly without any harm 
arising, thereby producing a substantial 
saving to the health system.

There are several lines of evidence from 
randomised controlled clinical trials that 
allow the strong conclusion to be drawn 
that vitamin D supplementation of cohorts 
with baseline 25OHD >25nmol/L does not 
improve health outcomes. Firstly, meta-
analyses of 81 trials show no effect from 
vitamin D on falls, total or hip fracture or 
bone density, and the majority of trials have 
been conducted in cohorts with baseline 
25OHD between 25nmol/L  and 50nmol/L 
(57%) or >50nmol/L (42%).4 Secondly, in 
trials that report subgroup analyses by 
individual baseline 25OHD, vitamin D had 
no effect on falls, fractures or bone density 
in subgroups with lower baseline 25OHD, 
or no difference in effect from the subgroup 
with higher 25OHD.4 Thirdly, when trials 
are grouped by their mean baseline 25OHD, 
there is no difference in effect from vitamin 
D between subgroups with lower and 
higher baseline 25OHD and/or no effect 
from vitamin D on falls, fractures or bone 
density in the subgroup with lower 25OHD.4 
Fourthly, there is no consistent evidence of 
non-musculoskeletal effects from vitamin 
D.3,21–24 For the situation where cohorts 
have baseline 25OHD <25nmol/L, few trials 
have been carried out: before 2016, only 12 
such trials had been reported with clinical 
endpoints, and eight of these had neutral 
outcomes.30 Thus, for such populations there 
is insufficient evidence to draw conclusions 
regarding the effects of vitamin D supple-
mentation, but individuals at high risk 
of osteomalacia or rickets should receive 
vitamin D supplements, as these conditions 
are readily preventable.

Vitamin D testing decreased by about 75% 
in Auckland following the introduction of 
specific restrictions by the testing laboratory. 
However, even with those restrictions, 
25OHD tests still largely identify vitamin D 
sufficient individuals, with consistently only 
8%–12% of test results being <25nmol/L. This 
suggests that further restrictions could be 
safely introduced to encourage appropriate 
testing of individuals at high risk of vitamin 
D deficiency. As vitamin D supplementation 
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Figure 4: (A) Mean (SD) 25-hydroxyvitamin D (25OHD) results by week of the year (January 1 = week 1) between 2009 and 2019 together with a 
sine curve line of best fit (dashed line). For comparison, the mean (SD) results from 2002–2003 (Figure 4C) are superimposed (open circles). (C) 
As for Figure 4A, but results from 2002–2003. (B) The proportions of measurements in each month for 2009–2019 grouped by 25OHD result (<25, 
25–50, 50–75 or ≥75nmol/L). (D) The proportions of measurements in each month for 2002–2003 grouped by 25OHD result (<25, 25–50, 50–75 or 
≥75nmol/L).
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is no longer routinely recommended in the 
management of osteoporosis, that criterion 
should be removed from testing indications.

A similar study undertaken in the United 
Kingdom also found increasing rates of 
vitamin D supplementation and testing, 
but still no decline in rates of hospital 
admissions for osteomalacia, rickets and 
undefined vitamin D deficiency.17 To our 
knowledge, studies from other countries 
that address all these issues have not been 
reported. 

An important limitation to these analyses is 
the change in population. The population of 
New Zealand increased in size by about 25% 
between 2003 and 2019. This change was not 
factored in any analyses. However, the size 
of the increase in prescriptions (14-fold) is 

much greater than the increase in population 
(1.25-fold), and the relatively few hospital 
admissions each year related to osteomalacia, 
rickets and unspecified vitamin D deficiency 
means that even random fluctuations of one 
or two cases a year are similar to or greater 
than the predicted effect of the increasing 
population size.

In summary, vitamin D supplementation 
is widespread and increasing steadily, but 
the conditions it is targeting, osteomalacia 
and rickets, persist at low rates. Likewise, 
vitamin D testing is frequently being under-
taken in individuals at low risk of vitamin 
D deficiency. Taken together, this suggests 
that there is unnecessary testing and over-
treatment and that vitamin D guidance and 
practice in New Zealand needs to change.
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