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INTRODUCTION
Vitamin D is a steroid prohormone that plays an integral role in 

maintaining calcium homeostasis and bone health. Vitamin D  

exists in two forms – D2 (ergocalciferol), which is obtained  

from yeast,(1) and D3 (cholecalciferol), which is present in fish  

and eggs.(2) However, the primary source of vitamin D3 is via  

ultraviolet irradiation of a precursor molecule – 7-dehydro-

cholesterol – in the skin, which results in the formation of an  

unstable previtamin D3 molecule, which then rearranges into 

vitamin D3.(3) Vitamin D is subsequently hydroxylated by the  

loosely regulated enzyme 25-hydroxylase to produce 

25-hydroxyvitamin D (25[OH]D).(4) 25(OH)D is then  

metabolised by the tightly regulated enzyme 1-hydroxylase to 

form 1,25-dihydroxyvitamin D (1,25[OH]2D or calcitriol), which  

is the biologically active form of vitamin D.(5) 1,25(OH)2D,  

together with parathyroid hormone (PTH), plays a major role in 

the regulation of calcium homeostasis.(6)

 With a half-life of about three weeks,(7) 25(OH)D is 

widely regarded as the best indicator of vitamin D status, as  

1,25(OH)2D only has a half-life of 4–6 hours.(8) The following  

is a summary of the categorisation of 25(OH)D status, as  

defined by the Australian and New Zealand Bone and Mineral 

Society, the Endocrine Society of Australia, and Osteoporosis 

Australia: severe vitamin D deficiency, 25(OH)D < 15 nmol/L; 

moderate vitamin D deficiency, 25(OH)D 15–25 nmol/L; mild 

vitamin D deficiency, 25(OH)D 26–50 nmol/L; vitamin D  

insufficiency, 25(OH)D 51–75 nmol/L; and, vitamin D  

sufficiency, 25(OH)D > 75 nmol/L.(9,10)

 Vitamin D deficiency is a global health problem that 

is largely caused by insufficient exposure to sunlight.(11)  

It is particularly prevalent among elderly people.(12) An 

estimated one billion people have vitamin D deficiency or  

insufficiency.(6) It is well established that vitamin D deficiency 

is associated with bone diseases such as rickets,(13) osteoporosis 

and osteomalacia.(14) Recently, vitamin D deficiency has also 

been associated with cardiovascular disease,(15) chronic kidney 

disease,(16) diabetes mellitus,(17) multiple sclerosis,(18) systemic lupus 

erythematosus,(19) cystic fibrosis,(20) and tumours such as those in  

colorectal cancer,(21) breast cancer(22) and prostate cancer.(23)

 In contrast, vitamin D toxicity is extremely rare, usually 

occurring as a result of accidental overdose or consumption 

of supplements, and is characterised by hypercalcaemia.(24) 
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Symptoms of vitamin D toxicity include nausea, constipation, 

weakness, weight loss, hypertension, soft tissue calcification, 

aches and stiffness, headaches, coma, and possible death.(10)  

Toxic vitamin D levels cannot be achieved simply from  

excessive solar exposure because ultraviolet light also converts 

previtamin D into biologically inactive sterols.(8) Following 

prolonged sunlight exposure alone, serum 25(OH)D can only 

reach a maximum of about 150–200 nmol/L. Elevated calcium 

is usually not detected until circulatory concentrations of  

25(OH)D reach around 220 nmol/L.(25) While there is no  

precise threshold to indicate vitamin D toxicity, the literature 

suggests adverse physiological effects when circulatory  

25(OH)D levels approximately surpass 500 nmol/L.(26-28) 

 Given the significance of vitamin D in health and disease, 

we conducted a retrospective study to analyse the biochemical 

results stored in the database of a pathology laboratory situated  

in New South Wales, Australia, to determine: (a) the  

prevalence of vitamin D deficiency and toxicity; (b) the extent 

of 25(OH)D testing; and (c) whether variations occurred in  

vitamin D status with regard to gender, age and season within  

the population studied.

METHODS
We retrospectively analysed the patient records maintained in 

the electronic database of a pathology laboratory, with respect 

to variables such as age, gender, sample collection date, and the 

plasma or serum levels of 25(OH)D, calcium and PTH.

 Blood samples were collected in either plain or lithium-

heparin tubes, centrifuged at 3,500 rpm for 15 mins, and 

frozen at −20°C until analysis. 25(OH)D was initially quantified 

using a manual 125iodine-labelled 25(OH)D radioimmunoassay 

(Immunodiagnostics Systems Limited, Boldon, Tyne and Wear, 

UK). However, to cope with the increased demand for such  

testing, the use of automated LIAISON® 25-OH Vitamin D assay 

(DiaSorin SpA, Saluggia, Italy), a direct competitive chemi-

luminescence immunoassay for determining total 25(OH)D  

levels, was adopted in 2009. Serum or plasma calcium was 

tested using the RXL Dimension platform (Siemens Healthcare 

Diagnostics, Munich, Germany). Serum or lithium-heparin 

plasma PTH was measured using Immulite 2000 (Siemens  

Healthcare Diagnostics, Munich, Germany) or DXI 800  

analysers (Beckman Coulter, Brea, CA, USA). 

 As the minimum range of the LIAISON® 25(OH)D method 

was 15 nmol/L, readings lower than that were reported in 

the laboratory’s database as ≤ 15 nmol/L. To allow for these 

measurements to be included numerically in our analysis,  

such readings were reassigned a value of 7.5 nmol/L. Reassigned 

values were calculated based on the mean of zero and the  

minimum reportable value of a particular assay. Therefore, for 

25(OH)D, the reassigned value was 7.5 nmol/L. Similarly, for 

calcium, the reassigned value was 0.62 mmol/L. 

 A total of 41,177 25(OH)D levels (14,324 men, 26,853 

women) were reported during the 10-year study period. Among 

these, 261 patients (71 men, 190 women) had 25(OH)D levels  

< 15 nmol/L, which were reassigned a value of 7.5 nmol/L for 

analysis. Among those tested prior to 2009, 35 patients (12 

men, 23 women) had 25(OH)D levels lower than the minimum 

range of the 125iodine-labelled radioimmunoassay and were 

reassigned a value of 2.5 nmol/L for analysis. For three patients  

(2 men, 1 women) in 2010, for whom 25(OH)D levels were 

reported as > 375 nmol/L, the readings were reassigned to 

376 nmol/L. Similarly, for five patients (5 women) in 2010,  

calcium levels were reported as < 1.25 mmol/L and were 

reassigned a value of 0.62 mmol/L for analysis. All PTH levels 

remained unchanged.

 25(OH)D levels were normalised with a log10  

transformation. Age-adjusted mean 25(OH)D levels and 

standard error of mean were calculated using linear regression 

analysis. Bonferroni corrected p-values were used for multiple  

comparisons. Percentage proportions by year, according 

to vitamin D status, were calculated and compared using  

chi-square test. The generalised estimating equation analysis, 

with odds ratios adjusted for age, was used to compare the 

proportions of vitamin D deficiency to some degree (25[OH]D 

≤ 50 nmol/L) across genders and through the years 2001–2010. 

Spearman’s rank correlation was used to test the relationship 

between 25(OH)D levels and PTH and calcium levels. Analysis 

of variance (ANOVA) and Games-Howell post hoc test  

were used to compare unadjusted mean 25(OH)D levels by 

age group and gender. Data was analysed using the Statistical 

Package for the Social Sciences Standard GradPack v21.0 

(IBM, Armonk, NY, USA). A p-value of < 0.05 was considered  

statistically significant.

RESULTS
Fig. 1 gives the gender-wise breakdown of 25(OH)D testing 

performed for patients over the ten-year study period. While 

the increase in test numbers was relatively modest during 

the first half of the decade, the demand for 25(OH)D testing  

increased considerably from 2006. A total of 1,265 tests  

(333 men, 932 women) were performed in 2001, whereas in 

2010, 10,499 tests (3,745 men, 6,754 women) were performed. 

This translated into a 730% increase in total test numbers  

(1,025% men, 625% women) over the study period.

 Fig. 2 shows the gender-wise frequency distribution of 

patients tested for 25(OH)D during the year 2010. When  

25(OH)D measurements from < 15 nmol/L to > 200 nmol/L 

were grouped into five-unit-wide categories, the distribution of  

readings was found to be positively skewed towards the  

deficient portion of the spectrum, indicating that many 

patients in our population had either vitamin D deficiency or  

insufficiency.

 Fig. 3, which depicts the gender-wise age-adjusted mean 

25(OH)D levels for patients tested in 2001–2010, shows an 

increasing trend of mean 25(OH)D levels among patients of 

both genders during the 2006–2010 period. This coincided 
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with the period that saw an increasing demand for 25(OH)D  

testing (Fig. 1).

 Linear regression with Bonferroni corrected multiple 

comparisons revealed that during the 2006–2010 period, 

age-adjusted mean 25(OH)D levels for men were significantly 

lowest in 2006 (25[OH]D 46.5 ± 1.0 nmol/L) and 2007  

(25[OH]D 46.9 ± 1.0 nmol/L), and significantly highest in 2010 

(25[OH]D 58.1 ± 1.0 nmol/L) (p < 0.001). During the same  

period, mean 25(OH)D levels for women were significantly 

lowest in 2006 (25[OH]D 40.8 ± 1.0 nmol/L), and significantly 

highest in 2009 (25[OH]D 51.1 ± 1.0 nmol/L) and 2010  

(25[OH]D 51.9 ± 1.0 nmol/L) (p < 0.001). 

 The highest age-adjusted mean 25(OH)D levels during 

the study period were seen in 2010 (men, 58.1 ± 1.0 nmol/L;  

women, 51.9 ± 1.0 nmol/L). Linear regression showed that the 

difference between the mean age-adjusted 25(OH)D levels  

for men and women was significant (p < 0.001) and could be 

classified as vitamin D insufficient.(9,10)

Vitamin D deficiency
Patients tested in 2010 were categorised based on their  

25(OH)D status – severe deficiency (25[OH]D < 15 nmol/L), 

moderate deficiency (25[OH]D 15–25 nmol/L), mild 

deficiency (25[OH]D 26–50 nmol/L), insufficiency (25[OH]D  

51–75 nmol/L) and sufficiency (25[OH]D > 75 nmol/L)  

(Table I).(9,10) In 2010, 33% of 3,745 men and 40% of 6,754 

women were vitamin D deficient to some degree (25[OH]D  

≤ 50 nmol/L). Pearson’s chi-square test showed that, in 

2010, the prevalence of vitamin D deficiency was to 

some degree significantly higher in women than in men  
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Fig. 1 Gender-wise breakdown of 25 -hydroxyvitamin D testing over the 2001–2010 period.

Fig. 2 Gender-wise frequency distr ibution of serum or plasma 25 -hydroxyvitamin D levels in 2010.
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some degree (p < 0.01). Women were associated with 31% 

higher odds of vitamin D deficiency to some degree when 

compared to men (odds ratio 1.31, 95% confidence interval  

1.25–1.36; p < 0.001).

 In 2010, PTH levels (reference range 1.3–9.3 pmol/L) 

were also reported for 1,383 patients (542 men, 841 women) 

who underwent 25(OH)D testing. The relationship between 

25(OH)D and PTH levels for these patients is shown in Fig. 4. 

Mean PTH levels were 12.5 ± 0.7 pmol/L for men and 12.0 ±  

0.7 pmol/L for women. Spearman’s rank correlation test found a 

significant negative association between PTH and 25(OH)D  

(p < 0.001), with a Spearman’s correlation coefficient of –0.229.

 Throughout the 2001–2010 period, calcium levels (reference  

range 2.10–2.50 mmol/L) were reported for 20,849 patient  

samples (7,004 men, 13,845 women) that underwent 

25(OH)D testing. The relationship between 25(OH)D and  

calcium levels for these patient samples is shown in Fig. 5.  

Mean calcium levels were 2.24 ± < 0.01 mmol/L for men, 

(α2 = 55.175; p < 0.001). Using generalised estimating equations 

analysis with odds ratios and adjusting for the covariate of 

age (Table II), we found that all the years prior to 2010 were  

associated with higher odds of vitamin D deficiency to 

Table I. Gender-based distribution of patients according to 25-hydroxyvitamin D (25[OH]D) levels over the 2001–2010 period.

Year Severe 
deficiency

Moderate 
deficiency

Mild  
deficiency 

Insufficiency Sufficiency

Male Female Male Female Male Female Male Female Male Female

2001 1.8 3.5 9.0 10.4 26.7 35.6 38.4 33.3 24.0 17.2

2002 3.8 8.0 11.3 18.7 34.2 38.6 30.2 21.4 20.5 13.2

2003 3.8 6.2 8.7 12.7 31.7 42.0 28.9 23.5 26.8 15.5

2004 2.8 6.0 6.9 13.1 30.2 37.9 26.5 25.3 33.7 17.8

2005 0.6 0.5 14.1 19.5 40.8 50.4 29.3 21.2 15.2 8.4

2006 0.6 1.3 12.6 16.9 40.1 48.3 29.6 24.8 17.2 8.8

2007 0.7 0.6 11.1 13.3 39.7 42.1 33.4 30.8 15.0 13.2

2008 0.5 0.5 9.3 10.2 36.3 38.6 32.0 30.0 21.9 20.7

2009 1.3 1.6 8.3 9.4 27.9 32.2 33.7 31.3 28.7 25.5

2010 1.5 2.4 6.3 8.9 25.3 29.2 32.3 32.1 34.6 27.5

Note: Data is presented as percentage of patients. Severe deficiency, 25(OH)D < 15 nmol/L; moderate deficiency, 25(OH)D 15–25 nmol/L; mild deficiency,  
25(OH)D 26–50 nmol/L; insufficiency, 25(OH)D 51–75 nmol/L; sufficiency, 25(OH)D > 75 nmol/L. 
*Patients with severe, moderate and mild 25(OH)D deficiencies were considered to be vitamin D deficient to some degree.

Table II. Gender-based generalised estimating equations 
analysis of 25-hydroxyvitamin D deficiency to some degree  
over the 2001–2010 period, adjusted for age.

Variable OR (95% CI) p-value

Gender 1.31 (1.25–1.36) < 0.001

Year
2001 1.39 (1.23–1.57) < 0.001
2002 2.16 (1.91–2.45) < 0.001
2003 1.83 (1.64–2.03) < 0.001
2004 1.50 (1.36–1.66) < 0.001
2005 2.96 (2.69–3.26) < 0.001
2006 2.53 (2.32–2.76) < 0.001
2007 1.82 (1.69–1.95) < 0.001
2008 1.38 (1.30–1.48) < 0.001
2009 1.10 (1.03–1.17) 0.003
2010* – –

*Reference year.

Fig. 3 Gender-wise age-adjusted mean serum or plasma 25-hydroxyvitamin D levels over the 2001–2010 period. Note: Values are expressed  
as age-adjusted mean ± standard error of the mean. 
*Significantly highest means during the 2006–2010 period. †Significantly lowest means during the 2006–2010 period (p < 0.001).
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and 2.26 ± < 0.01 mmol/L for women. Spearman’s rank  

correlation test found a significant positive association  

between calcium and 25(OH)D levels (p < 0.001), with a 

Spearman’s correlation coefficient of 0.210.

 According to the literature, vitamin D toxicity, as indicated 

by hypercalcaemia, occurs when circulatory 25(OH)D levels 

approximately surpass 500 nmol/L.(26-28) In our study, among the 

20,849 patient samples for whom calcium levels, along with 

25(OH)D levels, were known during the 2001–2010 period, 

25(OH)D levels were found to have exceeded 200 nmol/L  

in only 18 patient samples. Of these, only three had an elevated 

calcium level (> 2.50 mmol/L) and only one had both a 25(OH)D  

level surpassing 500 nmol/L and an elevated calcium level  

(25[OH]D 840 nmol/L; calcium 2.81 mmol/L). 

 Patients for whom 25(OH)D testing was performed in 2010 

were stratified according to age (i.e. 0–9 years, 10–19 years,  

20–29 years, 30–39 years, 40–49 years, 50–59 years, 60–69 

years, 70–79 years, 80–89 years, and those aged 90 years 

and over). Fig. 6, which depicts the gender-wise frequency  

distribution of patients tested for 25(OH)D in 2010 according 

to age group, shows a clear association of increasing 25(OH)D  

testing with age. The sharp decrease seen in the test numbers 

among patients aged 90 years and over is likely to have been 

related to age-related mortality in these patients.

Fig. 4 Serum or plasma parathyroid hormone (PTH) levels versus 25-hydroxyvitamin D (25[OH]D) levels in 2010.
Note: To aid the visual presentation of data , one outlying point (PTH 0.4 pmol/L; 25(OH)D 840 nmol/L) was 
omitted from the f igure but not from the data analysis. 
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 Fig. 7 shows the gender-wise unadjusted mean 25(OH)D  

levels for patients tested in 2010, according to age group. 

Separate one-way ANOVA of the data for men and  

women showed a significant difference in the mean 25(OH)D 

levels among the age groups (p < 0.001). Two-way ANOVA, 

with gender and age group as independent factors, detected 

significant association between these two variables and  

25(OH)D levels in patients (p < 0.01).

 The Games-Howell post hoc test showed that mean  

25(OH)D levels were significantly higher in younger age groups 

for both men and women. In men, mean 25(OH)D levels were 

significantly highest in patients aged 0–9 years (25[OH]D  

80 ± 2 nmol/L) and significantly lowest in those aged 90 years 

and over (25[OH]D 60 ± 3 nmol/L) (p < 0.05). In women, mean 

25(OH)D levels were significantly highest in patients aged  

0–9 years (25[OH]D 75 ± 2 nmol/L) and 10–19 years  

(25[OH]D 75 ± 2 nmol/L), and significantly lowest in those 

aged 70–79 years (25[OH]D 56 ± 1 nmol/L) and 90 years and 

over (25[OH]D 56 ± 2 nmol/L) (p < 0.05). However, the mean  

25(OH)D levels for patients aged 20–29 years were found  

to deviate from the general trend of decreasing mean  

25(OH)D levels with increasing age, for both men (25[OH]D  

63 ± 3 nmol/L) and women (25[OH]D 57 ± 2 nmol/L);  

the mean 25(OH)D levels in these patients were found to 

be significantly lower or no different than that in older age  

groups (p < 0.05).

 Fig. 8 shows the gender-wise monthly age-adjusted 

mean 25(OH)D levels in 2010. Linear regression with  

Bonferroni corrected multiple comparisons revealed that  

monthly age-adjusted mean 25(OH)D levels varied  

significantly during the year. Generally, 25(OH)D levels were  

higher during the southern hemisphere’s late summer (February) 

and lowest in early to mid-spring (September–October) in  

both men and women. In men, mean 25(OH)D levels were  

highest in February (71 ± 1 nmol/L) and lowest in October  

(52 ± 1 nmol/L) (p < 0.05). In women, mean 25(OH)D levels 

Fig. 6 Gender-wise frequency distr ibution of serum or plasma 25-hydroxyvitamin D testing in 2010, according 
to age group.

Age (yrs)

N
o

. o
f 

2
5

-h
yd

ro
xy

vi
ta

m
in

 D
 t

es
ts

0–9 10–19 20–29 30–39 40–49 50–59 60–69 70–79 80–89 ≥ 90

1600

1400

1200

1000

800

600

400

200

0

Male

Female

Fig. 7 Gender-wise unadjusted mean serum or plasma 25 -hydroxyvitamin D levels in 2010, according to age 
group. *Signif icantly highest means (p < 0.05). †Signif icantly lowest means.

0–9 10–19 20–29 30–39 40–49 50–59 60–69 70–79 80–89 ≥ 90

Age (yrs)

100

90

80

70

60

50

40

30

20

10

0

N
o

. o
f 

2
5

-h
yd

ro
xy

vi
ta

m
in

 D
 t

es
ts

Male

Female*
* *

† † †



277

O riginal A r t ic le

277

were highest in February (64 ± 1 nmol/L) and lowest in  

September (46 ± 1 nmol/L) (p < 0.05).

 25(OH)D levels were determined for 32,712 patient samples 

during the five-year period between 2006 and 2010. Fig. 9  

shows the cyclical variation in the age-adjusted mean  

25(OH)D levels of men and women during this period, with 

peaks seen during the southern hemisphere’s late summer/early  

autumn months of February and March and troughs in the late 

winter/early spring months of August and September.

DISCUSSION
Although in the past decade we have witnessed great interest in 

vitamin D and its association with health and disease, no studies 

have, to the best of our knowledge, reported on the vitamin D  

status of the population of New South Wales, Australia. The  

present retrospective study aimed to evaluate the prevalence of 

vitamin D deficiency and toxicity, the demand for vitamin D  

testing, and any variations in vitamin D status in the local 

population, according to gender, age and season. 

 The demand for vitamin D testing has increased dramatically 

in the past decade. In the United States, for instance, 25(OH)D  

testing at the San Francisco General Hospital and Trauma Center, 

San Francisco, California, USA, increased 20-fold from 2006 

to 2009.(29) In Ontario, Canada, 25(OH)D testing was reported 

to have increased 25-fold from 2004 to 2010.(30) Similarly,  

25(OH)D testing at a London hospital in the United Kingdom 

rose from 7,537 tests in 2007 to nearly 46,000 in 2010.(31) The  

Glasgow Royal infirmary in Scotland witnessed comparable 

increases as well – from 18,682 in 2008 to 37,830 in 2010.(31) 

Correspondingly, we found an overall sevenfold increase in  

vitamin D testing in New South Wales, Australia, between 2001 

and 2010; an increase that prompted the laboratory rendering 

these services to switch from a manual radioimmunoassay to 

a faster automated platform. These increases suggest a greater 

awareness within the medical community regarding the 

importance of vitamin D status to effective healthcare.

 Our data indicated that vitamin D deficiency was clearly 

prevalent in our population – (i) the frequency distribution of 

Fig. 8 Gender-wise monthly age -adjusted mean serum or plasma 25 -hydroxyvitamin D levels in 2010.
*Signif icantly highest means (p < 0.05). †Signif icantly lowest means.
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Fig. 9 Gender-wise monthly age -adjusted mean serum or plasma 25 -hydroxyvitamin D levels over the 2006–2010 f ive -year period.
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25(OH)D levels was skewed towards the deficient end of the 

spectrum; (ii) mean 25(OH)D levels for both men and women 

were well within the insufficiency range; and (iii) a substantial 

proportion of 25(OH)D levels in men and women could be 

classified as deficient. Our findings mirrored those of studies 

from the United States(29,32,33) and Denmark,(34) where a high 

degree of vitamin D deficiency was seen among the populations 

studied. According to Hirani et al, women were more likely to be  

vitamin D deficient than men.(35) We likewise found that a 

greater proportion of women were vitamin D deficient and had 

significantly lower mean 25(OH)D levels when compared to  

men, despite twice the number of 25(OH)D tests being  

performed for women. Several studies have reported an  

association between vitamin D deficiency and elevated PTH  

levels in children from New Zealand,(36) adolescents from the 

United Kingdom and Gambia,(37) elderly women from Poland,(38) 

and hospital inpatients from Israel.(39) Our findings were in 

agreement with these reports, as we also found a negative 

association between PTH and 25(OH)D levels.

 Demand for 25(OH)D testing saw considerable growth in 

our population from 2006 onwards. During this period, mean 

25(OH)D levels also rose with each year, with 2010 showing 

the highest 25(OH)D levels during the ten-year study period. 

While this finding does not prove causation, our data shows 

that the greater number of vitamin D testing in our population 

was associated with rising mean vitamin D levels. However, it 

is also possible that with such increased demand for 25(OH)D 

testing, our results in fact reflect the true population mean of  

25(OH)D with greater accuracy. There are significant health 

and economic benefits to be gained from improving the mean 

vitamin D levels of a population.(40-42) According to Grant et 

al, an estimated 50,000–63,000 people in the United States 

and 19,000–25,000 in the United Kingdom die prematurely 

due to cancer each year as a result of suboptimal vitamin D 

levels, and the economic burden of vitamin D deficiency in 

the United States was reported to be nearly USD 40–56 billion  

in 2004.(43)

 Unlike vitamin D deficiency, vitamin D toxicity is extremely 

rare, and usually occurs as a result of inadvertent excessive 

consumption of nutritional supplements or medication. 

Vitamin D toxicity is characterised by raised circulatory  

calcium,(27) and studies have reported hypercalcaemia in 

patients with 25(OH)D levels exceeding 500 nmol/L.(44,45) 

While uncommon, these instances were attributed to the  

consumption of incorrectly formulated nutritional vitamin D 

supplements. Similarly, we found vitamin D toxicity to be rare 

in our population, with only 8 patients having 25(OH)D levels 

in excess of 200 nmol/L during the ten-year study period,  

and of these, only three showed hypercalcaemia. However, we 

were unable to draw any conclusive inferences related to this 

finding, as details of the medications or supplements taken by 

these patients and their clinical conditions were not recorded  

in the laboratory database.

 Vitamin D deficiency is prevalent among elderly persons,(35,38,46) 

and is a contributing risk factor for diseases such as osteoporosis 

and osteomalacia, which are common among the elderly.(47) 

Vitamin D deficiency in geriatric populations is largely due to 

poor nutrition and limited exposure to sunlight.(48) Many elderly 

patients in elderly-care facilities also have limited mobility due 

to illness.(48) A study from the United States found that vitamin D 

deficiency, defined as serum 25(OH)D levels < 50 nmol/L, was 

more prevalent in individuals aged 98 years and over, than in  

those aged 80–89 years.(46) In the United Kingdom, a study 

found that among adults aged 65 years and over, 57% of women 

and 49% of men had serum 25(OH)D levels < 50 nmol/L.(35)  

Likewise, a Polish assessment of women in the age group of 

60–90 years in the general population found that 83% had 

serum 25(OH)D levels < 50 nmol/L.(38) In our study, the link  

between vitamin D deficiency and age was supported by 

two sets of data. Firstly, the number of vitamin D tests being  

requested by medical practitioners increased with the age of 

patients for both men and women, suggesting that the medical 

practitioners recognised that vitamin D deficiency was a  

significant health problem in older individuals. Secondly, mean 

25(OH)D levels were observed to fall with increasing patient  

age in both men and women.

 Vitamin D deficiency is re-emerging as a serious paediatric 

health crisis in Australia and New Zealand.(49) The main  

contributing factors that have been reported include vitamin 

D-deficient breast-feeding mothers, dark skin pigmentation, 

poor nutrition, intestinal malabsorption and limited solar  

exposure.(49) Conversely, we found that the paediatric (age 

group 0–9 years) and adolescent (age group 10–19 years) 

patients in our study had the highest mean 25(OH)D levels. 

These results, however, should be interpreted with caution, 

as the mean 25(OH)D levels in these two patient groups, 

although considered sufficient, were in the vicinity of the  

insufficiency spectrum.

 Surprisingly, the mean 25(OH)D levels among patients 

in the age group 20–29 years were lower than those in some 

of the patients in older age groups in our study. Although the  

reason for this finding is unclear, lifestyle was likely a contributing 

factor. The demands of a nascent career and the pressures of 

starting a family, which were mostly associated with individuals 

in this age group, would not only impact personal nutrition but 

also restrict time for outdoor recreational activities, and thereby 

limit sun exposure. The ramifications of this finding may be  

multifarious, as studies have found that pregnant and breast-

feeding mothers belonging to this age group could confer vitamin 

D deficiency to their children,(49) and that vitamin D deficiency 

earlier in life may lay the foundations for future health problems.(41)

 While vitamin D can be obtained from dietary sources, it 

is primarily synthesised in the skin as an outcome of ultraviolet 

light exposure.(2,50) Therefore, 25(OH)D levels in individuals 

might be influenced by factors such as geography and the  

climate of a region. Higher latitudes receive sunlight at a lesser 
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intensity compared to equatorial regions, and have greater  

seasonal variations with respect to daylight hours in the summer 

and winter. Also, in colder climates, less skin surface area is 

exposed to sunlight.(51) A study from Southeastern Australia 

(latitude 38–39º South) found that serum 25(OH)D levels  

peaked in late summer and were lowest in late winter among 

women aged 55 years and over.(52) Similarly, a Norwegian study  

(latitude 69º North) that assessed vitamin D status showed 

that people had significantly higher mean 25(OH)D levels in 

late summer.(53) Seasonal vitamin D variations have even been  

detected in populations inhabiting warmer climates such 

as Brazil(54) and Israel.(55) New South Wales, Australia, has a  

temperate climate and the study population is located 

approximately 34º South of the equator. We found that our 

population experienced seasonal variations in mean 25(OH)D 

levels, with the highest readings observed in late summer and 

the lowest levels seen in early spring. Mean 25(OH)D levels  

observed over several years showed an evident and cyclical 

seasonal pattern in our population.

 Our study was not without limitations. Due to its retro- 

spective nature, we could only observe associations but not 

establish causal relationships between variables. While serum 

was the preferred sample for analysis at the laboratory studied, 

lithium heparin plasma was also accepted infrequently when 

serum was unavailable. Patient information such as medical  

condition, ethnicity (as a guide to skin pigmentation), and 

medications or supplements being consumed were not 

contained in the database analysed. To minimise repeat 25(OH)D  

measurements for individuals, mean 25(OH)D values were 

calculated for each year and the data analysis was restricted, in 

certain cases, to the year 2010.

 To the best of our knowledge, this is the first study to report 

the 25(OH)D status and prevalence of vitamin D deficiency 

of patients from New South Wales, Australia. The demand for  

25(OH)D testing dramatically increased over the years from 

2001 to 2010, similar to that reported in other studies. Vitamin D  

deficiency was associated with elevated PTH levels, and  

vitamin D toxicity was rare in our population, the latter was 

observed only once during the ten-year study period. 25(OH)D  

levels decreased with age and varied with season, with the highest 

levels observed in late summer and the lowest levels observed 

in early spring.

 As the health and economic burden of vitamin D deficiency  

is high, the potential benefits of improving a population’s  

vitamin D status would be substantial. Further studies to  

determine subpopulations that are mostly affected by vitamin 

D deficiency are warranted. This will allow for the improved, 

efficient and targeted delivery of limited healthcare resources 

and services.
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