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Abstract

Background

Levels of vitamin D in the population have come under increasingirsgriiowever ther

11%

are only a few studies in Australia which measure leveteergeneral population. The ajm

of this study was to measure the levels of vitamin D withlarge population cohort and

examine the association with seasons and selected demographic and healttorssk fac

Methods

A longitudinal cohort study of 2413 participants in the northwest suburBdedfide, Soutl
Australia conducted between 2008 and 2010 was used to examine serumofe2bis

hydroxy vitamin D (25(OH)D) in relation to demographic charadiesgage, sex, incom
education and country of birth), seasons, the use of vitamin D suppleamghtselecte
health risk factors (physical activity, body mass index and smokBaj unadjusted ar
adjusted mean levels of serum 25(OH)D were examined, as welactbes associated wi

T o o

th

the unadjusted and adjusted prevalence of serum 25(OH)D levels below 50 and 75 nmol/L.

Results

Overall, the mean level of serum 25(0OH)D was 69.2 nmol/L with 22.7%eopbpulation
having a serum 25(OH)D level below 50 nmol/L, the level which is gdgeecognised as
vitamin D deficiency. There were significantly higher levels 25(OH)D among males

compared to females (t = 4.65, p < 0.001). Higher levels of 25(0OH)P also measured
summer and autumn compared with winter and spring. Generally, meds ¢¢ 25(0OH)D

were lower in those classified as obese. Smokers and those umdgrtakor less than 150

minutes/week of physical activity also had lower levels of sevitamin D. Obesity (a

classified by body mass index), season and undertaking an iresufflevel of physical

activity to obtain a health benefit were significantly assediatith the prevalence of vitam
D deficiency.

Conclusions

Vitamin D deficiency is prevalent in South Australia, affectadghost one quarter of t
population and levels are related to activity, obesity and season éwan adjusted fg
confounding factors. Improved methods of addressing vitamin D levels ingbopubre
required.
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Background

Vitamin D plays an important role in the formation of bone and &xels of vitamin D have
been associated with the development of rickets and osteoporosis The2g is also
evidence to suggest that vitamin D deficiency is associatdd mortality [3] and a wide
range of other conditions including type 2 diabetes [4], gestdtidigbetes [5],
cardiovascular disease [6], rheumatoid arthritis [7], chronic obsteupulmonary disease
[8], type 1 diabetes, some cancers (for example, colorectal afgpstreast) and multiple
sclerosis [1], muscle weakness [1] as well as chronic kidneasks[9], schizophrenia and
depression [1]. However, these studies are often cross sectionatuire and undertaken
under varying conditions, making comparisons difficult and limiting strength of the
evidence.

Generally, the primary source of vitamin D is from ultravi@eposure via sunlight or from
food or supplements [1]. Vitamin D is then converted to 25-hydroxyvitdnin the liver.
Serum level of 25-hydroxyvitamin D (25(OH)D) provides an indicatioowarall vitamin D
status [1]. Levels of vitamin D vary according to season fi] & is acknowledged that
vitamin D deficiency is generally high within the population andesccording to the
population under examination [1]. Various cutoffs have also been repoittedieficiency
defined as <25 nmol/L 25(OH)D, insufficiency as 25-50 nmol/L, and sefffagi >50 nmol/L
by Lau et al. [5]. Deficient has also been defined as <27.5 nmaoBufficient as 27.5-49.9
nmol/L and suboptimal as 50- < 75 nmol/L by Green-Finstone et al.Ifl8puth Australia
(SA), the optimal range defined by SA Pathology is 60-160 nmolfivete from levels
required to suppress parathyroid hormone and bone turnover markers [1&jdfowtamin
D deficiency has more recently been considered to be less than 50 nmol/L [1,12].

Vitamin D levels have been measured in association with spedigease groups and
mortality [1-9], however there are fewer studies which exanfiaegtevalence of vitamin D
deficiency at a population level using large samples. Interndijomatearch conducted in
Canada, the United States, Great Britain, New Zealand and Derd@d3-17] have
examined vitamin D deficiency in population-based studies, with thalerece of vitamin D
levels < 50 nmol/L ranging between 18% and 52%, although different ctabfés for
vitamin D deficiency are reported in some of these studies. Ititamahcomparisons can
also be difficult due to differences in factors such as testiathods, latitudes, season of
testing, age range tested and population composition. Thus specifiral@nsstudies also
have relevance.

A study conducted in south-east Queensland at the end of winter amondult2Gaged 18—
87 years living in the community identified that 10.2% of the particgpdratd serum
25(0OH)D levels below 25 nmol/l, which was considered to be defidehirther 32.3% had
a level of between 25 nmol/l and 50 nmol/l, which was defined as insuffi18]. In
Tasmania, among a community control group of 272 adults, 8.8% had 25(OH®uUpve
25 nmol/L, with 14.5% having 25(OH)D levels 26-40 nmol/L and a further 25.3% betwe
41-50 nmol/L [19]. A cross-sectional, population-based study of women aged 282821y
= 861) in Geelong, Victoria demonstrated that 11.3% and 7.2% of the popuiati serum
25(0OH)D levels of <28 nmol/L in winter and overall respectively 48% and 30.0% had
levels <50 nmol/L, in winter and overall, respectively [20]. A congmariof the previous two
studies [19,20] and another in southeast Queensland [21] demonstrated ¢maf,famales
less than 60 years of age, the prevalence of vitamin D insufficiency <50 nnad/6748% in
Tasmania, 40.5% in Queensland and 37.4% in the Geelong area. While sehsatituale



both had an impact on vitamin D levels, less than one fifth of thatier was explained by
these factors highlighting the importance of behavioural fa¢&#k The largest study has
been conducted by Daly et al. [23] and examined vitamin D levetsnelot from 11,247
samples collected Australia wide. This study demonstratedviti@ahin D deficiency (<50
nmol/L) was common in Australian adults aged 25 years and o¥&%)(8nd that those most
at risk were women, the obese, the elderly, those not meeting sdrasliwity guidelines and
those with a non-European background [23]. However, the blood used for serum R5(OH)
testing was taken at only one time point, between May and July 2@, which is the end
of autumn and the beginning of winter. Daly et al. [23] point out thafpboling of results
obtained from all states of Australia could be misleading andothé&tsting blood that was
collected in 1999/2000, there may have been changes in vitamin D status since that time

Adelaide, the capital of South Australia lies at a latitude 36e@sgS. Thus, while it is not
below the 42 degrees of latitude which has been shown to be theMesed cutaneous
production of vitamin D does not occur [24], vitamin D will certainly dymthesized at
varying rates, throughout the year, depending on the season and will dmntrast to
previous Australian studies undertaken in different locations. Work tak@er by Morris et
al. [25] as early as 1984 demonstrated a significant seasoratiomin 25(OH)D levels in
SA, tested as part of routine assays. However, to date therebkaweno large scale
epidemiological studies to examine vitamin D levels specificalthis state. The advantages
of this study are that it is solely focused on the population of Aleland involves a
population cohort of over 2000 patrticipants. Vitamin D levels were detedrirom samples
taken across all seasons and as this is a longitudinal cohort #tedgotential exists to
examine levels of 25(OH)D in conjunction with a wide range of agaphic, chronic
disease, risk and social factors which have been collectedimesribformation related to
vitamin D supplementation is also available.

This paper reports the level of vitamin D deficiency and exantiresse values in conjunction
with various demographic (age, sex, income, education) and health aisksf@body mass
index, physical activity and smoking), season and the use of vitamin D supplements.

Methods

This paper reports data collected as part of Stage 3 of the WeshAdelaide Health Study
(NWAHS). The NWAHS is a representative longitudinal studyl@56 randomly selected
adults aged 18 years and over at the time of recruitment fronmatb-west region of
Adelaide, the capital of SA. The sample region represents apmily half of the
metropolitan area (population of approximately 1.3 million) and alrmastthird of the
population in SA (population of approximately 1.68 million), which has thensebtighest
elderly population of all the Australian states and terrisoriehe study commenced in 1999

to 2003 and Stage 2 was conducted between 2004 and 2006. Stage 3 wascbetiuetn

2008 and 2010, with testing being undertaken across all months using identical
methodologies.

Information was obtained from a computer assisted telephone inte(@ATI), a self-
completed questionnaire and a clinic assessment. Of the originat oblparticipants (n =
4056), n = 2487 completed the clinic assessment in Stage 3, with n = @npeting the
CATI survey and n = 2638 the self-complete questionnaire. The respateséor each



assessment following completion of Stage 3 was 73.0% for the @4&Vey, 71.1% for the
written questionnaire and 67.0% for the clinic assessment.

Country of birth and smoking were determined from responses to theosgllete
guestionnaire. Gross annual household income prior to tax and highesifledeication of
participants were collected as part of the telephone questionfidiee level of physical
activity was determined from descriptions of physical vagtitype and time using the
guestions from the Active Australia survey [26]. This informatiomswised to calculate
whether respondents had achieved a sufficient level of physitalty to achieve a health
benefit in the past week [26]. Sufficient physical activity wkeined as a total of 150
minutes of walking, moderate or vigorous physical activity with nage activity weighted
by a factor of two to account for its greater intensity [2@]Je was calculated from date of
birth and the date of attendance at the clinic assessment ams@dsioa svhen blood was taken
was determined from the month of the clinic assessment. Infamelating to the use of
vitamin D supplements within the past 12 months was asked as palie dDietary
Questionnaire for Epidemiological Studies (DQES, Cancer Coundilabbria), which was
used in this study to assess diet and nutrition.

Height and weight were measured with standardized protocols. Analhted stadiometer
measured height to the nearest 0.5 centimetres and weight eessined using calibrated
scales to the nearest 0.1 kilograms. Body mass index (BMI)thess calculated (weight
(kg)/height (m)) [27].

Fasting blood samples were collected and analysed in real iymthe NATA certified
laboratories of SA Pathology in Adelaide. The vitamin D asgay initially measured (until
April 2010) using the Enzyme Immunoassay method and was performedB8Ta 2000
automated ELISA system (Biokit). The interassay coefficdémariation (CV) was 5.6% for
a mean of 33.3 nmol/L and 3.9% for a mean of 112.8 nmol/L. After April 201(3stbeey
was changed to an Automated Chemiluminescent assay and performed @Y Sn
Automated Immunoassay system (IDS). The CV was 10.5% for a mé&&aMofmol/L, 7.0%
for a mean of 80.3 nmol/L and 7.3% for a mean of 165.2 nmol/L. Overall, 90%sa/s
were conducted using the first test procedure. When the assagschgrged the patient
comparison gave a Passing-Bablock regression equation of y = —1.61 +itl&xbias of
—1.9 nmol/L indicating good agreement between the two assays. Nattadigants in Stage
3 were willing or able to provide a blood sample, thus this analgsigsés on those
respondents who provided blood for testing and for whom a vitamin D &ssable to be
performed (n = 2413).

In Stage 1, data were weighted by region (western and northerh hegitins), age group,
sex and probability of selection in the household to the Australian BufeGtatistics 1999
Estimated Resident Population and the 2001 Census data. Stage 3veightesl using the
2009 Estimated Resident Population, incorporating participation in tee ttemponents,
whilst retaining the original weight from Stage 1 in the calouha All analyses conducted in
this paper are weighted to the population of the northern and western suburbs of Adelaide.

Ethics approval for the study was obtained from the Human Rs&tinics committee of
The Queen Elizabeth Hospital, Adelaide, South Australia and aliciparits provided
informed consent.



Statistical analyses were conducted using SPSS Version 193E3& Statistics, New York,
NY, USA) and Stata version 12 (StataCorp, College Station, TXA)U®escriptive
characteristics (means and proportions) are presented for ricigents as are the
proportions of participants with various levels of 25(OH)D. Tstestd chi square tests were
used to determine significant differences in vitamin D levetsvden males and females.
ANOVA determined significant differences in the mean ag¢hose who did and did not
take supplements. The unadjusted mean values of serum 25(OH)D weneirtteby age
group, BMI, country of birth, season, income, education, smoking statuscghgstivity
and taking vitamin D supplements. The mean levels of 25(OH)@ tiven adjusted for the
above variables, all of which may act as confounders. The prevalémtales and females
with vitamin D levels less than 50 nmol/L and less than 75 nmo#& determined by age
group, BMI, country of birth season, income, education, smoking status, gdhasliwity and
taking vitamin D supplements and multivariable logistic regresaihysis was undertaken
with all of the above variables in the model to determine independefittors of vitamin D
deficiency (serum 25(OH)D < 50 nmol/L) and vitamin D levels < 75 nmol/L.

Results

Overall there were no significant differences in the proportiomafes and females and
within each age group for those who did, and did not, provide a blood samplerdor s
25(0OH)D testing. The mean age of those who provided a vitamin Plsamas 50.6 years
(SD 16.6, range 24-95). Overall, the mean level of serum 25(0OH)D was 69.2 fimel
2413, SD 26.4, range 14-286). Level220 nmol/L can be considered within the normal
physiological range [28], thus within this cohort three particpanay have toxic levels of
serum 25(OH)D (data not shown). There was a significant diferdbetween males (n =
1164, mean 72.5, SD 26.5) and females (n = 1249, mean 66.0, SD 25.9) in serum 26(OH)D
= 4.65, p < 0.001).0f those who had serum 25(OH)D levels measured, onlyepatted
that they took vitamin D supplements with the mean age of those regpoisagificantly
higher (59.23 years) compared to those who did not respond or takensepisat all (50.18
years) or who took supplements but did not take vitamin D (50.38 yearsl421, p <
0001). Overall 9.0% of those aged 75 years and over took vitamin D suppleoepzred

to 0.9% of those aged 24 to 34 years, with the proportion increasing across all age groups.

The characteristics of those who provided a sample for vitamirstihngeare presented in
Table 1. Participants were primarily born in Australia, with appnately a third of both

males and females classified as obese. A higher proportion o mvale current smokers
and a lower proportion of females undertook a sufficient lex&#5@ minutes per week) of
physical activity.



Table 1Descriptive characteristics of those who provided a vitamin D sample, byxse

Variable Male (n = 1164) Female (n = 1249)
Age [mean £ SD] 49.6 £ 16.2 51.5+16.9
BMI [mean £ SD]* 28.6 £4.8 28.5+6.4
Underweight (%) 0.3 1.4
Normal (%) 21.9 30.8
Overweight (%) 45.9 325
Obese (%) 31.8 35.3
Country of birth (%)*
Australia 72.9 73.8
Country other than Australia 27.1 25.9
Season (%)
Summer (Dec-Feb) 18.5 23.6
Autumn (Mar-May) 23.9 21.5
Winter (Jun-Aug) 29.7 29.1
Spring (Sep-Nov) 28.0 25.8
Income (%)
Up to $60,000 39.7 46.9
More than $60,000 51.8 41.7
Don't know/ not stated 8.5 114
Education (%)
Some schooling 25.4 40.2
Completed high school 10.4 14.7
Apprenticeship/ diploma 40.3 24.4
University or higher education 20.7 18.4
Refused/ not stated 3.2 2.3
Smoking status (%)
Current smoker 18.2 16.7
Ex/non smoker 80.4 82.0
Not stated 1.4 1.2
Physical activity (%)
No activity 15.1 20.5
Insufficient activity 28.4 35.0
Sufficient activity 52.9 42.1
Not stated 3.6 2.4
Vitamin D supplement (%)
Took vitamin D 2.0 6.1
Took supplements but not vitamin D 25.0 29.3
Did not take supplements/ not stated 73.1 64.6

"Not stated category not reporteet A0.
The weighting of data can lead to rounding discnefes and totals not adding.

Due to the significant difference in mean serum levels betweales and females, the
analysis of each sex was undertaken separately. The unadjostetijasted mean serum
levels of 25(OH)D for age group, BMI, country of birth, season, in¢gadacation level,
smoking status, physical activity level and whether or not vitddnsupplements were taken
are presented in Table 2. Both adjusted and unadjusted mean levelsPS¢OH)D were
higher in both summer (December, January, February) and autumn (Mewolght May).
Those with lower levels of education (a trade certificate oodip) also had higher levels of
25(0OH)D as did ex-smokers compared to current smokers. For bothandlésmales, those
who undertook no activity had lower mean vitamin D levels compared to Wusdad a



sufficient level of activity (150 minutes or more of walking, made or vigorous activity

during the week).

Table 2Mean (95% CI) level of vitamin D (nmol/L), by age group, BMI categories,
country of birth, season, income, education, smoking status, activity level and asin D
supplement status for males and females

Males Females
Variables n Unadjusted Adjusted n Unadjusted Adjusted
Overall population 1164 72.5 (70.5-74.6) 69.1 (68.5-69.8) 1249 66402%7.8) 69.2 (68.5-69.9)
Age (years)
24-34 years 252 70.0 (63.9-76.2) 68.1 (66.1-70.1)48 2 65.1 (59.5-70.6) 67.1 (64.7-69.5)
35-44 years 254 72.8 (67.6-78.0) 69.1 (67.7-70.4)56 2 64.9 (60.6-69.2) 68.6 (67.0-70.1)
45-54 years 241 70.2 (66.7-73.7) 66.4 (65.3-67.4)45 2 63.0 (59.8-66.2) 66.8 (65.7-67.9)
55-64 years 188 73.8 (70.1-77.5) 70.2 (69.1-71.2)02 2 67.2 (64.0-70.4) 70.6 (69.5-71.7)
65-74 years 122 78.5 (74.1-82.9) 725 (71.3-73.6)41 1 67.6 (63.3-71.8) 72.7 (71.5-74.0)
75 years and over 108 74.0 (69.3-78.7) 72.1 (78.87 157 71.1 (66.4-75.7) 72.4(70.9-73.9)
BMI*
Underweight 4 80.9 (62.2-99.7) 56.8 (52.2-61.5) 1851.4 (32.9-69.8) 56.7 (53.1-60.2)
Normal 256 74.9 (70.9-78.9) 73.4 (72.1-74.7) 385 .5788.8-76.1) 73.4(72.2-74.7)
Overweight 534 74.7 (71.3-78.1) 70.8 (69.9-71.7) 640 66.3 (63.4-69.2) 71.4(70.2-72.5)
Obese 370 67.8 (64.5-71.1) 64.0 (62.0-64.7) 440 7 @8.1-63.4) 64.0(63.2-64.9)
Country of birth*
Australia 848 73.7 (71.2-76.2) 69.8 (69.0-70.6) 92266.4 (64.3-68.6)  70.0 (69.2-70.9)
Other country 315 69.5 (66.1-72.9) 67.3 (66.3-68.3823 64.9 (61.6-68.2) 67.0 (65.9-68.2)
Season
Summer 215 84.1 (78.0-90.2) 77.1(75.9-78.4) 295 .3{@7.3-75.3) 76.4(74.8-78.0)
Autumn 278 77.6 (73.7-81.4) 73.2(72.2-74.2) 269 .0665.5-72.4) 73.5(72.5-74.5)
Winter 345 67.5 (63.5-71.4) 65.6 (64.7-66.5) 363 .1689.8-66.3) 64.9 (63.9-65.8)
Spring 326 66.0 (63.4-68.6) 64.1 (63.1-65.0) 322 .0€238.4-65.7) 64.0 (63.1-64.9)
Income
Up to $60,000 462 74.3 (71.3-77.4) 69.6 (68.7-70.5b86 65.5 (63.0-68.0)  69.1 (68.3-70.0)
More than $60,000 603 71.3 (68.2-74.4) 68.9 (6B8Y 520 65.6 (62.6-68.7) 68.6 (67.5-69.7)
Don't know/ not stated 99 71.8 (64.8-78.7) 68.27660.8) 143 69.7 (64.9-74.4) 72.1(69.4-74.8)
Education
Some schooling 296 74.1 (70.7-77.6) 69.2 (68.5370.3502 67.0 (64.3-69.7)  69.9 (69.0-70.7)
Completed high school 122 73.7 (67.8-79.6) 68.9564.3) 184 66.8 (61.9-71.8) 70.0 (68.3-71.7)
Apprentice/ diploma 469 75.1 (71.7-78.6) 70.9 (F018) 305 63.8 (60.4-67.3) 70.3 (68.6-72.0)
University or higher education 240 66.8 (62.2-71.4) 66.6 (65.2-68.0) 230 65.9 (61.2-70.6) 66.2 (643P
Refused/ not stated 38 60.7 (50.8-70.5) 62.7 (69.9) 28 67.6 (53.4-81.8) 64.9 (60.8-69.1)
Smoking status
Non/ ex 937 73.4 (71.1-75.7) 69.7 (69.0-70.3) 102%6.5 (64.4-68.5) 69.9 (69.1-70.6)
Current 212 69.2 (64.4-73.9) 66.5 (64.5-68.5) 209 3.5€59.7-67.3) 66.2 (64.8-67.7)
Not stated 16 66.9 (55.3-78.5) 70.7 (67.5-73.8) 1570.8 (59.2-82.5)  66.9 (61.8-72.0)
Physical activity
No activity 176 71.5 (65.3-77.6) 65.1 (63.6-66.7) 562 60.2 (56.3-64.1) 64.6 (63.4-65.8)
Insufficient activity 330 69.7 (66.2-73.2) 66.4 (6%7.4) 437 64.6 (61.1-68.0) 67.0 (65.9-68.1)
Sulfficient activity 616 75.0 (72.1-77.8) 72.0 (772.8) 526 69.8 (67.5-72.2) 73.4(72.3-74.4)
Not stated 42 63.8 (54.5-73.0) 65.1 (61.4-68.9) 3069.9 (57.0-82.7) 67.9 (64.4-71.5)
Vitamin D supplement
Took vitamin D 23 82.0 (72.3-91.6) 77.3 (74.2-80.3) 76 77.1(71.4-82.8) 78.5(76.7-80.3)

Took supplements but not vitamin D 290
Did not take supplements/ not stated851

72.0 (68.2-75.8)
72.5 (70.0-75.0)

67.4 (66.2-68.7)
69.4 (68.7-70.2)

366
808

63.03465.8)
66.3968.7)

66.7 (65.6-67.7)
69.5 (68.6-70.4)

"Not stated category not reportegt 10. The weighting of data can lead to roundingreisancies and totals not adding.
TAdjusted for age group, BMI categories, countnpioth, season, income, education, smoking statiyity level, vitamin

D supplement status.



The proportion of males, females and the population overall at vattoff ievels of serum
25(0OH)D is shown in Table 3. Overall, 0.9% of the population had serum 2B5(0¢#pw 25
nmol/L and 22.7% had levels below 50 nmol/L. When considered in the cont&dutt
Australian reported levels, 38.5% had serum levels below 60 nmol/L &@t8% of
participants in the optimal range of 60-160 nmol/L. There was afisgmily higher
proportion of females compared to males within each categoryQ0> except for those
aged 75 years and over (p = 0.06).

Table 3Proportion of males, females and overall population below various cut off
values for Vitamin D

Males Females Overall
n % (95% Cl) n % (95% CI) n % (95% CI)

Less than 25 nmol/L* 5 0.4 (0.2-1.0) 16 1.3 (0.8)2. 21 0.9 (0.6-1.4)
Less than 30 nmol/L* 18 1.6 (1.0-2.5) 43 3.5(2.8y4 61 2.5(1.9-3.4)
Less than 40 nmol/L* 74 6.4 (4.9-8.3) 182 14.6 (AP7.5) 256 10.6 (9.1-12.4)
Less than 50 nmol/L* 215 18.5 (15.5-21.9) 334 1886-30.2) 549 22.7 (20.5-25.1)
Less than 60 nmol/L* 380 32.6 (28.9-36.6) 549 4AM2-47.8) 929 38.5 (35.8-41.3)
Less than 75 nmol/L* 692 59.5 (55.3-63.5) 861 g8™2-72.3) 1553 64.3 (61.6-67.0)
Less than 100 nmol/L 1005 86.4 (83.1-89.0) 1121 8837.4-91.7) 2127 88.1 (86.2-89.8)

The weighting of data can lead to rounding disonejis and totals not adding.
"Chi square test indicates significant differencerievalence in each category between males anddema: 0.05.

The prevalence of serum 25(OH)D levels below 50 and 75 nmol/Ldteshand females are
shown in Tables 4 and 5 respectively. For males, those with vitardaeficiency were more
likely to be obese, not born in Australia and have a university levetiudation and those
with levels < 75 nmol/L were more likely to be obese and had highets of education.
Females with vitamin D deficiency were more likely to besgband took supplements but
not vitamin D or did not take supplements at all. Those with lev&S rmol/L were more
likely to be obese and take supplements but not vitamin D. All of fre$ieipants also had
blood samples taken in winter and spring. For both males and females, those wrankradert
sufficient level of activity were less likely to have serBE{OH)D less than 50 nmol/L or 75
nmol/L.



Table 4 Prevalence of serum 25(OH)D levels < 50 and <75 nmol/l, and adjusted odds
ratios (95% CI) in males

<50 nmol/l <75 nmol/l
Variables n Prevalence Odds ratid n Prevalence Odds ratid
Overall 215 185 692 59.5
Age (years)
24-34 years 54 214 1.00 147 58.5 1.00
35-44 years 41 16.0 0.73 (0.32-1.68) 157 61.8 0Z&AD-2.47)
45-54 years 45 18.8 0.75 (0.34-1.64) 155 64.5 0HB2-2.59)
55-64 years 33 17.6 0.58 (0.25-1.35) 110 58.3 (D81B-1.82)
65-74 years 16 12.8 0.37 (0.14-0.95) 64 52.6 (D8EB(1.68)
75 years and over 26 24.4 0.85 (0.32-2.27) 59 54.8 0.90 (0.41-1.99)
BMI*
Underweight/Normal 40 15.3 1.00 141 54.2 1.00
Overweight 84 15.7 1.12 (0.60-2.12) 304 56.9 10174-1.83)
Obese 91 24.6 2.21 (1.19-4.11) 247 66.8 1.72 (2.88)
Country of birth*
Australia 135 16.0 1.00 496 58.4 1.00
Other country 79 25.0 1.93 (1.22-3.05) 196 62.2 8 1(395-2.01)
Season
Summer 18 8.2 1.00 96 44.4 1.00
Autumn 32 11.7 1.75 (0.62-4.91) 136 49.0 1.37 (273®)
Winter 90 26.0 4.55 (1.66-12.44) 225 65.2 2.7631532)
Spring 75 23.1 4.08 (1.51-10.98) 235 72.3 3.903:B.30)
Income
Up to $60,000 96 20.8 1.00 261 56.4 1.00
More than $60,000 99 16.4 0.75 (0.43-1.30) 382 63.3 1.22(0.81-1.84)
Don't know/ not stated 20 20.2 0.60 (0.23-1.57) 50 50.5 0.56 (0.23-1.37)
Education
Some schooling 52 17.7 1.00 168 56.9 1.00
Completed high school 12 10.0 0.42 (0.16-1.08) 77 3.46 1.14 (0.61-2.14)
Apprentice/ diploma 77 16.4 1.03 (0.63-1.70) 257 .754 0.89 (0.60-1.33)
University or higher education 61 25.3 2.27 (1.137% 165 68.5 1.93 (1.03-3.62)
Refused/ not stated 13 34.2 8.96 (1.21-66.45) 25 4 67 39.21 (3.09-496.76)
Smoking status
Non/ ex 167 17.9 1.00 554 59.1 1.00
Current 46 215 1.35 (0.76-2.39) 131 61.8 1.3822833)
Not stated 2 131 0.93 (0.17-4.98) 7 46.9 0.922(3.37)
Physical activity
No activity 39 224 1.00 113 64.0 1.00
Insufficient activity 69 21.0 0.95 (0.55-1.63) 221 67.0 1.06 (0.66-1.71)
Sufficient activity 93 15.1 0.53 (0.31-0.90) 333 .54 0.59 (0.38-0.91)
Not stated 13 30.6 0.20 (0.04-1.14) 25 60.4 0.031(0.43)
Vitamin D supplement
Took vitamin D 2 10.7 1.00 10 42.9 1.00
Took supplements but not vitamin D 43 14.8 2.1390.20) 182 62.7 2.88 (1.11-7.51)
Did not take supplements/ not stated 170 19.9 @ID-12.33) 500 58.8 2.17 (0.87-5.42)

"Not stated category not reportegt 10. The weighting of data can lead to roundingreisancies and totals not adding.
TAdjusted for age group, BMI categories, countnpivth, season, income, education, smoking statiity level, vitamin
D supplement status.



Table 5Prevalence of serum 25(OH)D levels < 50 and <75 nmol/l, and adjusted odds

ratios in females

<50 nmol/l <75 nmol/l
Variables n Prevalence Odds ratid n Prevalence  Odds ratid
Overall 334 26.7 861 68.9
Age (years)
24-34 years 53 214 1.00 167 67.3 1.00
35-44 years 69 26.9 1.28 (0.60-2.70) 189 74.1 (04m1-2.95)
45-54 years 85 34.7 1.83 (0.92-3.66) 178 72.8 03-2.56)
55-64 years 50 24.8 0.96 (0.45-2.04) 135 66.5 (D88-1.76)
65-74 years 38 26.6 1.01 (0.45-2.27) 101 71.2 (05EDH-2.45)
75 years and over 40 25.3 0.88 (0.37-2.10) 91 58.0 0.70 (0.32-1.54)
BMI*
Underweight/Normal 81 20.1 1.00 245 60.8 1.00
Overweight 99 24.4 1.29 (0.82-2.02) 272 67.0 10195-2.10)
Obese 154 35.0 1.97 (1.29-3.03) 344 78.1 2.32 (3.58)
Country of birth*
Australia 233 25.3 1.00 624 67.7 1.00
Other country 100 31.0 1.26 (0.88-1.81) 234 724  3510.95-1.90)
Season
Summer 48 16.1 1.00 186 63.0 1.00
Autumn 59 21.8 1.59 (0.86-2.94) 168 62.3 1.01 (A.&B3)
Winter 127 35.0 2.89 (1.67-5.01) 258 71.0 1.462B6)
Spring 101 313 2.51 (1.46-4.29) 250 77.4 2.16XB35)
Income
Up to $60,000 173 29.5 1.00 413 70.4 1.00
More than $60,000 129 24.8 0.90 (0.58-1.41) 364 969. 0.90 (0.57-1.43)
Don't know/ not stated 33 22.8 0.81 (0.43-1.53) 84 59.1 0.72 (0.39-1.32)
Education
Some schooling 144 28.7 1.00 341 67.9 1.00
Completed high school 44 24.0 0.82 (0.44-1.52) 129 70.3 1.03 (0.60-1.80)
Apprentice/ diploma 85 27.7 1.04 (0.67-1.59) 217 .071  1.07 (0.68-1.68)
University or higher education 52 22.7 0.92 (0.537) 156 68.1 1.20 (0.68-2.11)
Refused/ not stated 9 32.2 2.59 (0.39-17.17) 17 4 61. 4.11 (0.44-38.20)
Smoking status
Non/ ex 278 27.1 1.00 693 67.6 1.00
Current 52 25.1 0.86 (0.51-1.43) 159 75.9 1.434285)
Not stated 4 245 0.61 (0.23-1.65) 9 61.1 0.695{1.20)
Physical activity
No activity 95 37.0 1.00 193 75.4 1.00
Insufficient activity 135 30.9 0.75 (0.47-1.21) 314 71.9 0.81 (0.49-1.35)
Sulfficient activity 96 18.3 0.37 (0.23-0.60) 336 B3 0.59 (0.36-0.96)
Not stated 9 28.9 0.30 (0.05-1.79) 18 57.7 0.192(1..60)
Vitamin D supplement
Took vitamin D 6 8.3 1.00 46 60.4 1.00
Took supplements but not vitamin D 99 27.2 4.683210.75) 264 72.3 1.80 (1.02-3.17)
Did not take supplements/ not stated 229 28.3 @181-11.45) 550 68.2 1.44 (0.86-2.44)

*Not stated category not reportedri0. The weighting of data can lead to roundingréisancies and totals not adding.
TAdjusted for age group, BMI categories, countrpisth, season, income, education, smoking statiity level, vitamin

D supplement status.

Discussion

This study examined the levels of serum 25(OH)D within the populandnalthough large
studies have been undertaken in Australia and elsewhere (for exdbaheet al. [23],
Melamed et al. [3], Green-Finestone et al. [10] and Brock e2)),[this study specifically



examines a population sample from SA, weighted to be reflectithe gftate and with a wide
range of covariates also measured, which allows an in depth examired factors
associated with vitamin D. Levels of vitamin D within the populatiorehaceived increased
focus over recent times due to the association of vitamin D deficieith not only bone
health but mortality and various other conditions [1-9]. As the majofiustralians obtain
vitamin D as a result of exposure to sunlight, there is also¢lee to address vitamin D
deficiency while ensuring that the risk of skin cancer and the s&iter population
messages are also recognised [1].

While the mean serum 25(OH)D levels within this population wetleirwthe optimal level
recommended in SA, 38.5% still have levels below 60 nmol/L and 22.7% has belel
50 nmol/L. The Australian Bureau of Statistics National Healtlasdees Survey (NHMS)
conducted in 2011/12 also showed a similar proportion of South Australians (2&)&é0) 8
years and over with vitamin D levels < 50 nmol/L [30]. Additionally,r¢hevas a higher
prevalence of deficiency among women (26.8%) compared to men (18.5%) iwlIsienilar
to previous results [23]. However, debate does continue as to the ofgtirablof serum
25(0OH)D, consequently some authors have recommended a level 7& nmol/L is
appropriate to ensure musculoskeletal health benefits [31]. In thlg, sipproximately two
thirds of participants (64.3%) had serum 25(OH)D below this level. Menvethese
prevalences are below those obtained by Daly et al. [23] andomalyie to differences in
serum 25(OH)D assays, time of the year that samples welieaxb&nd the population that
was sampled. A prevalence of 22.7% with serum 25(OH)D levels below B®0Lnm
consistent with results obtained from other Australian [18-22] andhatienal studies [13-
17], but also further highlights the impact of different study populatiocations, vitamin D
intake and fortification of foods and methodology on study result on the importance byf local
relevant data in order to determine the level of vitamin D deficiency.

Daly et al. [23] demonstrated that mean levels of 25(OH)D (unadjuahd adjusted)
decreased with age for both males and females and that thalemee of deficiency
generally increased with age. However in this study, age was ndtcsigtly associated with
vitamin D deficiency and mean levels of 25(0OH)D, were highénénolder age groups. This
study also examined the use of vitamin D supplements. The non-useaofinviD
supplements was significantly associated with 25(OH)D defigieamong females but not
males. While only a small proportion (4.1% overall) reported using songpits, use did
increase across age groups with the highest proportion of thosg tatdamin D, in the 75
years and over age group, where mean levels of 25(OH)D wereh@er, perhaps
demonstrating the effectiveness of supplement use amongst thepolfudation in South
Australia. These results compare well with the NHMS which detraied that 4.3% of the
population of SA aged 18 years and over, took vitamin D supplements in 2011/h{B2]
that use was more common among older women [33]. However, compliant¢elenatce
can be issues within the older population [2] and the elderly, partictit@se in residential
care have been identified as a high-risk group for vitamin Didatig [34]. These findings
highlight that taking vitamin D may be effective in achieving higheean levels and
reducing vitamin D deficiency but improved recommendations relatirspupplementation
may be required in order to increase the rate of uptake.

Also of note is the issue of assay technique, which can exhibitisagaThere has also been
a recent increase in the number of tests for 25(OH)D, thusidraaditest procedures have
been discarded for tests that are more prone to interferenceBf88]of the foci described
above align well with quality use of medicines and diagnostic testing message



The effect of seasonality on 25(OH)D levels is highlighted is $tiidy. Both adjusted and
unadjusted mean values of serum 25(OH)D were lower in winter amp spsi were the
adjusted and unadjusted prevalences of deficiency. Participahtsamples taken in both
winter and spring were more likely to have vitamin D levels teas 50 and 75 nnmol/L.
These findings support previous results [1,10,23,25] and highlight that sisaaomajor
factor in determining vitamin D levels. Latitude has also been showbe consideration
associated with lower levels of serum 25(OH)D in Australia [22,28§ while the
combination of these two factors only accounted for approximatelyifdmef the variation
in vitamin D levels [22] it may be that a more active vitarDl supplementation program
aimed at increasing the number of people taking supplements neexsutpio winter and

spring.

Mean vitamin D levels were generally higher among those witel education levels,
which may reflect occupational choices and similarly to Dalgle[23], males with higher
education levels were more likely to have 25(0OH)D levels lbaa 60 nmol/L, whereas
females were not. This may reflect age, supplement use and oeonapaifluences among
both males and females. Country of birth also influenced vitamievBls with males not
born in Australia more likely to be vitamin D deficient. Ethnidigs previously also been
shown to be a factor associated with lower levels of vitamib@P2B] and has been linked to
darker skin, time spent outdoors and clothing particularly among ferfilg{e0,23]. In this
study, while males not born in Australia were more likely to hatemin D levels < 50
nmol/L, the effect was of country of birth was not as marked for females.

This study identified that low levels of physical activity eessociated with low levels of
serum 25(0OH)D; those with higher levels of physical activigyeuess likely to have vitamin
D levels below 50 or 75 nmol/L. This is in line with the findings of Daly et al. [A8]Brock

et al. [29], who demonstrated that vigorous activity was a predaftaitamin D status.
Generally it is considered that high levels of activity aser@ogate measure of sun exposure,
however it remains unclear whether exercise itself may tomérito vitamin D status [29].
High levels of BMI were also associated with low vitaminlevels with both males and
females classified as obese more likely to be vitamin Tidet. Those who are obese may
tend to undertake less activity, however this inverse relationshipléaeen attributed to
cholecalciferol, the precursor to vitamin D being trapped in adipesaet and thus the
contribution to whole body vitamin D status is minimized as conversi@d(OH)D does not
occur [29].

This study demonstrated that non and ex-smokers had higher mdarofeserum 25(0OH)D
compared to current smokers for both males and females, as mashHo®en in previous
studies [23,36] however current male smokers were not significambhe likely to be
vitamin D deficient and current female smokers had a lower geealof serum 25(0OH)D
less than 50 nmol/L compared to non-smokers possibly as a resujuotneents to smoke
outdoors in some environments. Gender, obesity, season, activity leveldtamdch D
supplementation all appear to have a stronger association withrvitambeficiency in this
cohort than smoking status.

The strengths of this study are the large sample size oR6@€ blood samples which were
available to be tested for serum 25(OH)D and the range of lmeabreasurements obtained
as part of the NWAHS. Weighting of the data ensures that thikg@se representative of the
population from which the original sample was randomly selectedtdtions include the
self-reporting of health risk factors such as smoking and phyaitiaity, the small number



of participants born in countries other than Australia and the use ofrgainbirth as an
indicator of ethnicity and the non-measurement of factors suchraghyaid hormone and
bone resportion markers which would enable a greater understandirggrofetiof 25(OH)D
in relation to bone and mineral homeostasis in this cohort. Informateimgeto the use of
sunscreen and the time spent outdoors was also not collected, howévef thatse factors
may also impact vitamin D levels. Australia has, however, a lighaf melanoma compared
with other countries and there has been a focus on skin cancer e\ativities with a
resultant increase in sun protection behaviours which may impatheomprevalence of
vitamin D deficiency [37]. The use of foods fortified with vitaminaas also not specifically
examined.

Conclusions

In conclusion, vitamin D levels below 50 nmol/L are prevalent in Soeth Australian

population, and given the burden of conditions related to low levels of vilamipresent a
significant public health issue. Targeting of physical actiaitygl reduction in obesity may
assist in improving vitamin D levels. The use of supplementationimenzm issue at a
population level and in line with a quality use of medicines approachd@&ideration

should be given to alternative methods of supplementation provision in ordepitove
serum 25(0OH)D levels.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions
All authors contributed to the planning of this paper, TKG prepared itste draft and

conducted the analysis and CLH, EMS, AWT, SLA, JFG, ZS, EDG, KP dAdprovided
critical review of the paper and the analysis. All authors approved the finalsergot.

Acknowledgements

Tiffany Gill is currently a National Health and Medical Research Cotaeiy Career fellow
(Australian Public Health, ID 1013552).

References
1. Holick M: Vitamin D deficiency. N Engl J Med 2007,357:266—281.

2. Brewer L, Williams D, Moore ACurrent and future treatment options in osteoporosis.
Eur J Clin Pharmacol 2011,67:321-331.

3. Melamed ML, Michos ED, Post W, Astor B5-hydroxy vitamin D levels and the risk of
mortality in the general population. Arch Intern Med 2008,168:1629-1637.



4. Gagnon C, Lu ZX, Magliano DJ, Dunstan DW, Shaw JE, Zimmet PZ, Ska@Gsantham
N, Ebeling PR, Daly RMSerum 25-hydroxyvitamin D, calcium intake, and risk of type 2
diabetes after 5 yearsDiabetes Care 2011,34:1133-1138.

5. Lau SL, Gunton JE, Athayde NP, Byth K, Cheung N8&rum 25-hydroxyvitamin D
and glycated haemoglobin levels in women with gestational diatest mellitus.MJA 2011,
194:334-337.

6. Guessous |, Bochud M, Bonny O, Burnier ®alcium, vitamin D and cardiovascular
diseaseKidney Blood Press Res 2011,34:404-417.

7. Cutolo M, Plebani M, Shoenfeld Y, Adorini L, Tincani ¥itamin D endocrine system
and the immune response in rheumatic diseasedétamHorm 2011,86:327-351.

8. Lehouck A, Boonen S, Decramer M, Janssens G®PD, bone metabolism and
osteoporosisChest 2011,139:648-657.

9. Damera S, Raphael KL, Baird BC, Cheung AK, Greene T, Beddigeram alkaline
phosphatase levels associate with elevated serum C-reactivetein in chronic kidney
diseaseKidney Int 2011,79:228-233.

10. Greene-Finestone LS, Berger C, de Groh M, Hanley DA, HidirogloGaxgfin K,
Poliquin 'S, Krieger J, Richards JB, Goltzman D, CaMos ResearaupGr25-
hydroxyvitamin D in Canadian adults: biological, environmental, and kehavioral
correlates. Osteoporos Int 2011,22:1389-1399.

11. Jesudason D, Need AG, Horowitz M, O'Loughlin PD, Morris HA, NordirCBE
Relationship between serum 25 hydroxyvitamin D and bone resorjgin markers in
vitamin D insufficiency. Bone 2002,31:626—630.

12. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DHAganey RP,
Hassan Murad M, Weaver CMEvaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guidelia. J Clin Enodcrinol Metab
2011,96:1911-1930.

13. Ginde A, Liu M, Camargo C JRemographic differences and trends of vitamin D
insuffiency in the US population, 1988—-2004rch Intern Med 2009,169:626—632.

14. Looker A, Dawson-Hughes B, Calvo M, Gunter E, Sahyoun Serum 25-
hydroxyvitamin D status of adolescents and adults in two seasonallgopulations from
NHANES Ill. Bone 2002,30:771-777.

15. Hypponen E, Power Glypovitaminosis D in British adults at age 45 y: nationwide
cohort study of dietary and lifestyle predictors.AmJ Clin Nutr 2007,85:860—868.

16. Rockell J, Skeaff C, Williams S, GreenSerum 25-hydroxyvitamin D concentrations
of New Zealanders aged 15 years and olddgDsteoporos Int 2006,17:1382—-1389.



17. Thuesen B, Husemoen L, Fenger M, Jakobsen J, Schwarz P, Toft Uy Ovégegensen
T, Linneberg A:Determinants of vitamin D status in a general population of Bnish
adults. Bone 2012,50:605—-610.

18. Kimlin M, Harrison S, Nowak M, Moore M, Brodie A, Lang Opes a high UV
environment ensure adequate Vitamin D status3d Photochem Photobiol B 2007,89:139—
147.

19. Van der Mei IAF, Ponsonby A-L, Dwyer T, Blizzard L, TayloW BKilpatrick T,
Butzkueven H, McMichael AJvitamin D levels in people with multiple sclerosis and
community controls in Tasmania, Australia.J Neurol 2007,254:581-590.

20. Pasco JA, Henry MJ, Nicholson GC, Sanders KM, Kotowicz Mitamin D status of
women in the Geelong Osteoporosis Study: association with di@bd casual exposure to
sunlight. Med J Aust 2001,175:401-405.

21. McGrath J, Kimlin M, Saha S, Eyles D, ParisiAamin D insufficiency in south-east
Queensland.Med J Aust 2001,174:150-151.

22. Van der Mei IAF, Ponsonby A-L, Engelsen O, Pasco JA, McGratlEylds DW,
Blizzard L, Dwyer T, Lucas R, Jones Ghe high prevalence of vitamin D insufficiency
across Australian populations is only partly explained by season dnlatitude. Environ
Health Perspect 2007,115:1132-1139.

23. Daly R, Gagnon C, Lu Z, Magliano D, Dunstan D, Sikaris K, Zitimdbeling P, Shaw
J: Prevalence of vitamin D deficiency and its determinants iustralian adults aged 25
years and older: a national, population based studyClin Endocrinology 2012,77:26—35.

24. Webb A, Kline L, Holick M:Influence of season and latitude on the cutaneous
synthesis of vitamin Q: Exposure to winter sunlight in Boston and Edmonton will rot
promote vitamin D3 synthesis in human skin.J Clin Endocrinol Metab 1988,67:373—-378.

25. Morris H, Morrison G, Burr M, Thomas D, Nordin €itamin D and femoral neck
fractures in elderly South Australian women.Med J Aust 1984,140:519-521.

26. Armstrong T, Bauman A, Davies Bhysical Activity Patterns of Australian Adults.
Results of the 1999 National Physical Activity Survey. Canberra: Australian Institute of
Health and Welfare; 2000.

27. World Health OrganisatiorObesity. Geneva: Preventing and Managing the Global
Epidemic; 2000.

28. Vieth R:Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and
safety.AmJ ClinNutr 1999,69:842—-856.

29. Brock K, Huang W-Y, Fraser DR, Ke L, Tseng M, StolzenbergiSoh R, Peters U,
Ahn J, Purdue M, Mason RS, McCarty C, Ziegler R, GraubarndoR. vitamin D status is

associated with physical inactivity, obesity and low vitamin Dntake in a large US

sample of health middle-aged men and women] Seroid Biochem Mol Biol 2010,

121:462-466.



30. Australian Bureau of Statistied&3640D0002_20112012 Australian Health Survey:
Biomedical Results for Nutrients, 2011-12 — Australia. Nutrient biomarkers ¥ state
and territory.
[http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4364.0.55.0062011-
12?0penDocument].

31. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJh YReEstimates of
optimal vitamin D status. Osteoporos Int 2005,16:713—716.

32. Australian Bureau of Statistieg3640D0O011_20112012 Australian Health Survey:
Biomedical Results for Chronic Diseases, 2011-12 — Australia. Vitamin D supments
by selected population characteristics.
[http://lwww.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4364.0.55.0062011-
12?0penDocument].

33. Australian Bureau of Statistie364.0.55.006 - Australian Health Survey: Biomedical
Results for Nutrients, 2011-12. Feature article — Vitamin D.
[http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4364.0.55.006 Chapter2002011-12].

34. Nowson CA, Margerison G/itamin D intake and vitamin D status of Australians.
Med J Aust 2002,177:149-151.

35. Carter GDAccuracy of 25-Hydroxyvitamin D assays: Confronting the issuesCurr
Drug Targets 2011,12:19-28.

36. McBeth J, Pye SR, O'Neill TW, Macfarlane GJ, Tajar A tlaaG, Boonen S, Bouillon
R, Casanueva F, Finn JD, Forti G, Giwercman A, Han TS, Huhtadienkula K, Lean
MEJ, Pendleton N, Punab M, Silman AJ, Vanderschueren D, Wu FCW, EMASpG
Musculoskeletal pain is associated with very low levels of anin D in men: results
from the European Male Ageing Study Ann Rheum Dis 2010,69:1448-1452.

37. Volkov A, Dobbinson S, Wakefield MSeven-year trends in sun protection and
sunburn among Australian adolescents and adultsdust NZ J Public Health 2013,37:63—
69.

38. Department of Health and Ageiridational Medicines Policy.
[http://lwww.health.gov.au/internet/main/publishing.nsf/content/nmp-objeegigsy.htm].



	Start of article

