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Abstract

Vitamin D deficiency is recognised as a public health problem globally, and a high prevalence of deficiency has previously been reported in
Australia. This study details the prevalence of vitamin D deficiency in a nationally representative sample of Australian adults aged >25 years,
using an internationally standardised method to measure serum 25-hydroxyvitamin D (25(OH)D) concentrations and identifies demographic
and lifestyle factors associated with vitamin D deficiency. We used data from the 2011-2013 Australian Health Survey (7 5034 with complete
information on potential predictors and serum 25(OH)D concentrations). Serum 25(OH)D concentrations were measured by a liquid
chromatography-tandem MS that is certified to the reference measurement procedures developed by the National Institute of Standards and
Technology, Ghent University and the US Centers for Disease Control and Prevention. Vitamin D deficiency and insufficiency were defined as
serum 25(OH)D concentrations <50 nmol/l and 50 to <75 nmol/l, respectively. Overall, 20 % of participants (19 % men; 21 % women) were
classified as vitamin D deficient, with a further 43 % classified as insufficient (45 % men; 42 % women). Independent predictors of vitamin D
deficiency included being born in a country other than Australia or the main English-speaking countries, residing in southern (higher latitude)
states of Australia, being assessed during winter or spring, being obese, smoking (women only), having low physical activity levels and not taking
vitamin D or Ca supplements. Given our increasingly indoor lifestyles, there is a need to develop and promote strategies to maintain adequate
vitamin D status through safe sun exposure and dietary approaches.
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Vitamin D deficiency is a recognised public health problem
worldwide. However, the lack of international consensus on the
definition of vitamin D deficiency and differences in the method
used to measure serum 25-hydroxyvitamin D (25(OH)D) con-
centrations hamper comparisons across countries. Various
population-based studies in the USA, New Zealand and Canada
have estimated that 30-48% of adults are vitamin D deficient
(defined as circulating 25(OH)D concentrations <50 nmol/D™ .
In Europe, vitamin D deficiency (defined as 25(OH)D <30 nmol/])

ranges from 9 to 24% in adults and from 1 to 8% in older
adults aged >61 years®®. Dietary intakes of vitamin D are
generally low worldwide®™; indeed, the UK’s Scientific
Advisory Committee on Nutrition is now recommending a
daily supplement containing 10 pug of vitamin D in autumn and
winter in order to maintain a satisfactory vitamin D status
throughout the year®.

In a nationally representative sample of adults aged >25

years (n 11218) participating in the 1999-2000 Australian

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; AHS, Australian Health Survey, AusDiab, Australian Diabetes, Obesity and Lifestyle; LC-MS/MS, liquid
chromatography-tandem MS; NHANES, National Health and Nutrition Examination Survey; NHS, National Health Survey; RMP, reference measurement procedure.
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Diabetes, Obesity and Lifestyle (AusDiab) study, 31% were
vitamin D deficient (25(OH)D <50 nmol/l). However, serum
25(OH)D concentrations were measured using a direct competi-
tive chemiluminescent immunoassay (CLIA; DiaSorin Inc.)(()).
Other studies evaluating the same immunoassay have noted a
negative bias compared with a liquid chromatography-tandem
MS (LC-MS/MS) method that is certified to the reference mea-
surement procedures (RMP) developed by the National Institute
of Standards and Technology, Ghent University and the US
Centers for Disease Control and Prevention (referred to here-
after as the RMP)'*'Y An LC-MS/MS method certified to the
RMP is widely considered the gold standard method for mea-
suring serum 25(OH)D concentrations*>'?. The negative bias
occurs particularly at 25(OH)D concentrations above 50 nmol/l,
with values recorded up to 25 nmol/1 below the true value 1>,
This bias can result in misclassification of vitamin D deficiency,
with more samples classified as deficient than if analysed using
a method certified to the RMP. Use of a CLIA for serum 25(OH)
D concentrations has been shown to result in up to one third of
Australian adults being incorrectly classified as vitamin D defi-
cient in comparison with an LC-MS/MS method certified to the
RMP(2

Previous studies in the Australian population are now more
than a decade old and/or have not used an assay certified to the
RMP to measure serum 25(OH)D concentrations. The 2011—
2013 Australian Health Survey (AHS) is the first large, nationally
representative survey in Australia to quantify serum 25(OH)D
concentrations using an LC-MS/MS method certified to the
RMP® Using data from the AHS, we investigated the pre-
valence of vitamin D deficiency and identified its predictors in
Australian adults. We limited the analysis to adults aged >25
years in order to compare the predictors of vitamin D deficiency
from the AHS with those from the 1999-2000 AusDiab study.

Methods
Study design and population

The 2011-2013 AHS comprises the National Health Survey
(NHS), the National Nutrition and Physical Activity Survey
(NNPAS) and the National Health Measures Survey (NHMS).
Detailed methodology of the AHS can be found elsewhere”.
The AHS is based on a stratified, multistage area sample of
private households. All households were assigned analytic
weights to account for their sampling probability of being
included in the survey. All individuals participating in the AHS
provided core information (e.g. general household and demo-
graphic data, self-reported health, smoking status and infor-
mation on selected health conditions); BMI was calculated from
measured weight (kg) and height (m) (Weight/heightz). Parti-
cipants were then randomly allocated to the NHS (72 20425) or
NNPAS (7 12153). The NHS collected comprehensive health
and medical information, while the NNPAS collected detailed
data relating to diet and physical activity. Face-to-face inter-
views with participants were conducted in urban and rural
areas across all states and territories of Australia. Excluded were
residents of non-private dwellings, such as hostels or visitors to
private dwellings. For those who were aged >11 years and

agreed to participate in the NHMS component (7 10401),
qualified phlebotomists collected blood samples for measure-

biomarkers, including 25(OH)D
as)

ment  of serum
concentrations

The present study includes data on adults aged >25 years
who participated in the NHS, provided a blood sample for
measurement of serum 25(OH)D concentrations and had
complete data for all potential predictors investigated. A total of
14 248 adults aged >25 years participated in the NHS compo-
nent of the AHS. Of these, 8839 participants did not participate
in the NHMS and, hence, did not have data for serum 25(OH)D
concentrations. A further 375 participants had missing data for
core variables (BMI, education level and exercise), leaving
5034 participants for the present analysis (45% men, 55%
women).

The study was conducted in accordance with the Declaration
of Helsinki. The interview components of the AHS were con-
ducted under the Census and Statistics Act 1905. For the NHMS
component, the Australian Government Department of Health
and Ageing’s Departmental Ethics Committee provided ethics
approval in February 2011 and written informed consent was
obtained from participants.

Serum 25-hydroxyvitamin D concentrations

The AHS is one of eight participating national surveys in the
Vitamin D Standardization Program (VDSP) which aims to stan-
dardise measurements of serum 25(OH)D concentrations in health
surveys internationally'’”. Blood samples (fasting was not
required) were stored at —80°C before analysis using an LC-MS/MS
method that is certified to the RMP (Douglass Hanly Moir Pathol-
ogy). Total vitamin D deficiency was defined as serum 25(OH)D
concentrations <50 nmol/l, insufficiency as 25(OH)D 50 to
<75 nmol/l and sufficiency as 25(OH)D >75 nmol/11?.

Potential predictors of vitamin D deficiency

We categorised age as 25-34, 35-44, 45-54, 55-64, 65-74 or
>75 years. Region of birth was described as ‘Australia’, ‘Main
English-speaking countries’ (USA, Canada, UK, Republic of
Ireland, New Zealand and South Africa) or ‘other’. State/terri-
tory recruitment sites were New South Wales (32°S), Victoria
(37°S), Queensland (21°S), South Australia (30°S), Western
Australia (26°S), Tasmania (42°S), Northern Territory (19°S) and
Australian Capital Territory (35°S). The Australian Bureau of
Statistics (ABS) categorised region of residence according to the
Accessibility/Remoteness Index of Australia, which is mapped
to the census collection districts (CD) from the Census of
Population and Housing. Only urban and rural areas were
included in the AHS; however, the exclusion of remote and very
remote areas had minimal impact on the national estimates.
Area remoteness was classified based on the CD of participant’s
residence: CD with index values ranging from 0 to 0-20 were
considered as ‘major cities of Australia’, while CD with index
values from 0-21 to 2-40 and from 2:41 to 5-92 were classified as
‘inner regional Australia’ and ‘other’, respectively.

The 2011 Index of Relative Socioeconomic Disadvantage
(IRSD) was used to describe the socio-economic status. The
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IRSD is a general socio-economic index that summarises
information relating to the social and economic resources of
people and households within an area, with scores ranging
from low to high. A low score indicates relatively greater overall
disadvantage. Scores were categorised into quintiles. Educa-
tional attainment was described as ‘High/primary/no school’
(high school or less), ‘Certificate/diploma’ (technical and further
education) or ‘University’. Smoking status was defined as ‘cur-
rent smoker’ or ‘ex-/non-smoker’. BMI was categorised as
underweight (<18-5kg/m?), healthy weight (18-5-24-9 kg/m?),
overweight (25-0-29-9 kg/mz) or obese (>30-0 kg/mz)(zm. Due
to small numbers of underweight participants, we grouped
underweight and healthy weight together. Month of blood
collection was categorised by season: ‘spring (September—
November), ‘summer (December—February)’, ‘autumn (March—
May)’ or ‘winter (June—August)’.

The ABS classified physical activity as ‘low/sedentary’,
‘moderate’ or ‘high’ based on the level of physical activity
performed for fitness, sport or recreation and walking for
transport in the past week’”. The data items, namely, total
minutes undertaken for moderate physical activity, total min-
utes undertaken for vigorous physical activity, total minutes
walked for fitness, recreation or sport and total minutes spent
walking for transport, contributed to each category. Each phy-
sical activity category was given an intensity factor score:
walking for fitness or transport = 3-5, moderate exercise/physi-
cal activity =5-0 and vigorous exercise/physical activity=7-5,
which was subsequently multiplied by the physical activity
duration.

Information on vitamin D and/or Ca supplement use in the
last 2 weeks was collected by interview. For the purposes of this
study, participants who reported using a single vitamin D or Ca
supplement were considered vitamin D and/or Ca supplement
users. We included Ca supplements because the majority of Ca
supplements in Australia contain vitamin D.

Statistical analyses

Survey-weighted characteristics of participants, stratified by sex,
were summarised using numbers and proportions. We reported
prevalence of total vitamin D deficiency (25(OH)D <50 nmol/D),
insufficiency (25(OH)D 50 to <75nmol/D) and sufficiency
(25(OH)D >75 nmol/D), stratified by sex and age group. We also
reported mean serum 25(OH)D concentrations by sex and month
of blood collection. All were weighted to the Australian popula-
tion in 2011-2013"%.

Survey-weighted logistic regression models were used to
determine the independent predictors of vitamin D deficiency
(25(OH)D <50 nmol/D) in men and women. We stratified by sex
in order to compare predictors with the AusDiab study findings.
All variables were entered into the same regression models to
provide adjusted OR. The model accounted for the stratification
and clustering of the complex sample design using the Taylor
series linearisation method“”. All households were weighted
using analytic weights provided by the AHS survey. All analyses
were conducted using SAS version 9.4 (SAS Institute).

Results

Most (70%) participants were born in Australia, with the
majority (approximately 70%) residing in New South Wales,
Victoria and Queensland, and living in major cities (67 %)
(Table 1). About 70% of men and 60 % of women were either
overweight or obese, with correspondingly low levels of phy-
sical activity (56 % of men, 61 % of women). About 13 % of men
and women were current smokers. Three times as many
women (16%) as men (5%) used vitamin D and/or Ca sup-
plements (Table 1).

In total, 20 % of participants (19 % men, 21 % women) were
classified as vitamin D deficient, with a further 43 % classified as
insufficient (45% men, 42% women) (Tables 2 and 3). The
highest prevalence of vitamin D deficiency (32% men, 26%
women) was in the youngest age group (25-34 years) (Table 2).
The prevalence of deficiency decreased with increasing age in
men, and to a lesser extent in women, until the age of 65 years,
after which there was a plateau in men and an increase in
women (Table 3 and Fig. 1). Similar findings were observed for
the prevalence of vitamin D insufficiency. The highest pre-
valence of severe deficiency (25(OH)D <30nmol/) was in
those born in a country other than Australia or the main English-
speaking countries (13% for men and 11% for women)
(Table 3). The mean serum 25(OH)D concentrations were
lower in winter—spring (August-October) than in summer—
autumn (February—March), at 55-60 and 70-75 nmol/1, respec-
tively (Fig. 2).

Adjusted logistic regression models identified several factors
significantly associated with increased odds of vitamin D defi-
ciency (Table 4). In men only, older age was significantly
associated with lower risk of vitamin D deficiency: those aged
55 years and over had approximately half the odds of vitamin D
deficiency compared with 25- to 34-year-olds. Participants born
in a country other than Australia and the main English-speaking
countries were more than three times more likely to be vitamin D
deficient than those born in Australia. As expected, those
residing in southern (higher latitude) states, such as Tasmania
and to a lesser extent Victoria, were more likely to be vitamin D
deficient than those residing in New South Wales. Those
residing in Queensland and Western Australia were less likely
to be vitamin D deficient than those residing in New South
Wales. Seasonal differences in vitamin D deficiency were also
observed, with participants sampled in winter or spring having
approximately three times the odds of vitamin D deficiency
compared with those sampled in summer. Other factors asso-
ciated with increased odds of vitamin D deficiency included
being obese compared with having a healthy BMI; being a
current smoker compared with being an ex-/non-smoker
(women only); having a university education compared with
high/primary/no school; having low or sedentary physical
activity compared with high physical activity. Living in inner
regional or ‘other’ areas (compared with living in major cities)
was associated with a lower risk of vitamin D deficiency, as was
use of vitamin D or Ca supplements. Socio-economic status (as
measured by the area-level IRSD) was not associated with
vitamin D deficiency.
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Table 1. Descriptive characteristics of Australian adults aged >25 years (n 5034) included in the present study
(Percentages and 95 % confidence intervals)

Men (n 2267) Women (n 2767)
Characteristics % 95% CI* % 95% CI*
Age categories (years)
25-34 11-8 10-2, 13-3 135 11.9, 150
35-44 16-2 14-4,18-0 17-4 15.7, 191
45-54 212 191, 23-3 224 205, 243
55-64 231 211, 252 21-8 20-0, 237
65-74 167 14.9, 18:5 16-6 14.9, 18:2
>75 11.0 96, 12.5 83 71,95
Region of birth
Australia 687 666, 70-9 709 690, 72:9
Main English-speaking countriest 141 12.5, 15.7 12.2 10-8, 13-5
Other 17.2 15-4,19-0 16-9 15.2, 186
State/territory
New South Wales 30-6 28-2, 33-1 30-3 28-1, 32:6
Victoria 224 203, 24:5 237 217,256
Queensland 226 206, 24-6 213 19-6, 23-1
South Australia 7-6 67, 86 82 7-3, 91
Western Australia 115 10-3, 12.7 107 9.6, 11.7
Tasmania 29 2:5, 33 3:0 27,33
Australian Capital Territory 0.7 0-6, 0-8 0.7 0-6, 0-8
Northern Territory 17 15,19 2.0 17,23
Season
Summer (December—February) 25-0 22.9, 211 25-5 235, 274
Autumn (March—May) 355 332, 378 355 334, 376
Winter (June—August) 237 217,258 218 20.-0, 236
Spring (September—November) 157 14.0, 17:5 172 155, 19:-0
Remoteness areat
Major cities 66-1 639, 684 67-4 65-4, 69-5
Inner regional 24.0 21.9, 26-1 22.4 20-5, 24.2
Other 98 85, 11-1 10-2 9.0, 114
BMI§
Healthy weight 24.3 22.4, 26-6 39.0 370,414
Overweight 44.5 41.4, 462 307 288, 32.9
Obese 312 29-4, 339 30-3 27-9, 319
Smoking
Ex-/non-smoker 86-9 853, 886 86-7 85.2, 882
Current 131 11-4, 14.7 133 11-8, 14-8
Education
High/primary/no school 33-2 31-0, 355 39-2 371,414
Certificate/diploma 42.4 40-0, 44-8 326 305, 34.7
University 24.4 22.3, 264 28-2 26-2, 30-2
Physical activityll
High 13-4 11.7,15.0 88 7:5, 10-0
Moderate 309 287, 33-2 305 284, 32:5
Low/sedentary 55.7 52.3, 58-1 60-8 58-6, 62-9
Socio-economic status{
Lowest quintile 182 16-3, 20-1 183 16-6, 20-0
Second quintile 205 185, 22-5 199 18-1, 20-6
Third quintile 203 183, 22:2 218 200, 236
Fourth quintile 20-2 18-3, 221 20-8 19.0, 22:5
Highest quintile 208 18.9, 22.7 19-3 17-6, 20-9
Vitamin D or Ca supplement use
Yes 51 41, 6-2 160 144,177
No 94.9 938, 959 840 823, 85:6

CD, collection districts.

* Percentages and 95 % Cl weighted to the Australian population in 2011-2013.

1 Main English-speaking countries: USA, Canada, UK, Republic of Ireland, New Zealand and South Africa.

1 Categorised according to the Accessibility/Remoteness Index of Australia, which is mapped to the census CD from the Census
of Population and Housing (major cities: CD with index values 0-0-20; inner regional: 0-21-2-40; other: 2.41-5-92).

§ Healthy weight (18-5-24-9kg/m?; this group includes a small number of underweight participants <18-5kg/m?), overweight
(25-0-29-9kg/m?) and obese (>30-0 kg/m?).

Il Based on the level of physical activity performed for fitness, sport or recreation and walking for transport in the past week.

| Based on 2011 Index of Relative Socioeconomic Disadvantage.
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Table 2. Survey-weighted prevalence of serum 25-hydroxyvitamin D concentrations <30, <50 and <75 nmol/l in Australian adults aged >25 years (n 5034)
included in the present study
(Percentages and 95 % confidence intervals)

<30 nmol/l <50 nmol/l <75nmol/l
Characteristics n % 95% CI* % 95% CI* % 95% CI*
All 5034 4.5 38,52 20-1 188, 21-4 63-4 61-8, 65-0
Age categories (years)
25-34 669 88 60, 115 28-8 24.5, 33.0 68-3 641, 72:6
35-44 884 74 52,96 231 197, 26-4 66-7 63-0, 70-4
45-54 1059 4.0 26,54 207 17.8, 23.7 667 632, 70-1
55-64 1131 1.9 09,28 16-8 14.2, 19-3 61.2 57-9, 64-6
65-74 813 25 1-3, 3-8 15-1 12.3, 179 56-9 53.0, 60-9
>75 478 43 21,65 18:5 14.5, 22.5 599 54.9, 65-0
Region of birth
Australia 3567 26 2.0, 32 16-2 14.8,17.7 60-0 581, 62:0
Main English-speaking countriest 667 4.3 25,61 16-1 12.8, 19-3 58-0 537, 62-4
Other 800 121 94, 14.8 384 34.5, 423 80-6 775, 838
Statef/territory
New South Wales 824 54 39,70 201 17.3, 22.9 61-3 57.9, 647
Victoria 734 62 45,80 29-0 25.7, 324 71-6 68-3, 749
Queensland 848 1.8 09, 2.7 10-2 81,122 541 50.7, 57-5
South Australia 626 50 33,67 24.8 21.3, 283 74-8 71-3, 783
Western Australia 719 2.7 1.5, 3.9 15-8 131, 185 60-7 571, 64-3
Tasmania 544 5.5 35,76 26-2 22.3, 301 68-0 638, 721
Australian Capital Territory 271 0-6 00, 1-4 94 54,134 55-3 485, 62-0
Northern Territory 468 71 2:4,11-8 25.7 20-5, 309 690 64-6, 73-5
Season
Summer (December—February) 1292 23 13,33 13.9 11.6, 16:2 599 56-7, 63-1
Winter (June—August) 1168 89 69, 10-8 315 283, 34-6 704 67-3, 73:5
Autumn (March—-May) 1786 2:6 17,35 13-8 11.9, 157 571 54.3, 59-8
Spring (September—November) 788 59 39, 80 274 237, 311 72-8 69-2, 765
Remoteness areat
Major cities 3133 5.8 4.8, 67 238 221, 255 657 638, 67-6
Inner regional 1082 21 11, 31 12.2 10-8, 155 59.5 56.-0, 62-9
Other 819 1.5 06, 25 11-3 86, 14.0 572 525, 61-8
BMI§
Healthy weight 1631 4.9 36, 6-2 19-2 169, 21-6 57-7 54.8, 60-5
Overweight 1858 37 26,47 171 15-1, 19:2 614 58-8, 64-1
Obese 1545 5.0 38,63 246 22.0, 271 71-8 69-1, 74.5
Smoking
Ex-/non-smoker 4366 4.0 33,47 19-3 17.9, 20-6 63-6 61.9, 65-3
Current 668 76 51, 101 256 21-6, 29-6 62-1 57-6, 66-5
Education
High/primary/no school 1795 36 26, 45 19-4 17-3, 21-6 61-4 58-8, 64-0
Certificate/diploma 1846 30 21,39 16-6 14.6, 186 611 58.5, 63-8
University 1393 79 61, 97 26-0 232,288 694 664, 72-3
Physical activityll
High 569 2.0 06, 34 14.2 106, 17-8 57-1 52-2, 62-1
Moderate 1562 33 2.3, 44 16-3 141, 185 58-0 55-1, 60-9
Low/sedentary 2903 56 4.6, 6-6 232 21.4, 25.0 67-4 65-4, 69-4
Socio-economic statusf
Lowest quintile 877 4.7 3.0, 64 214 18-2, 24-6 65-0 61-2, 68-8
Second quintile 958 4.7 32,63 20-5 17.5, 23-4 62-2 587, 65-8
Third quintile 1058 4.5 3.0, 60 19-0 16-2, 21.8 63-8 60-3, 67-2
Fourth quintile 1067 4.3 29,58 191 16-3, 21-9 64-6 61-2, 68:0
Highest quintile 1074 4.2 27,58 20-7 177, 237 61-6 58-1, 65-1
Vitamin D or Ca supplement use
Yes 590 09 00, 1-8 72 47,96 45.2 40-4, 50-1
No 4444 4.9 42,57 21.7 20-3, 231 65-7 64-0, 67-3

CD, collection districts.

* Percentages weighted to the Australian population in 2011-2013.

1 Main English-speaking countries: USA, Canada, UK, Republic of Ireland, New Zealand and South Africa.

1 Categorised according to the Accessibility/Remoteness Index of Australia, which is mapped to the census CD from the Census of Population and Housing (major cities: CD with
index values 0-0-20; inner regional: 0-21-2-40; other: 2.41-5.92).

§ Healthy weight (18-5—24-9 kg/m?; this group includes a small number of underweight participants <18.5 kg/m?), overweight (25-0-29-9 kg/m?) and obese (>30-0 kg/m?).

I Based on the level of physical activity performed for fitness, sport or recreation and walking for transport in the past week.

| Based on 2011 Index of Relative Socioeconomic Disadvantage.
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Table 3. Survey-weighted prevalence of serum 25-hydroxyvitamin D concentrations <30, <50 and <75nmol/l in Australian adults aged >25 years included in the present study, stratified by sex (men,
n 2267; women, n 2767)
(Percentages and 95 % confidence intervals)

Men Women
<30 nmol/l <50 nmol/l <75nmol/l <30 nmol/l <50 nmol/l <75nmol/l
Characteristics n % 95% CI* % 95 % CI* % 95% CI* n % 95 % CI* % 95% CI* % 95% CI*
All 2267 41 31,50 19-2 173, 211 64-0 617, 66-3 2767 4.9 39,58 209 19.0, 22.7 62-9 60-8, 65-1
Age categories (years)
25-34 272 9.7 54, 141 325 258, 39-2 719 656, 78-1 397 80 4.6, 115 26-0 206, 31:5 657 600, 71:5
35-44 377 83 47,119 226 175, 27-6 69-4 64.0, 74-7 507 67 4.0, 94 234 18.9, 28.0 64-6 54.5, 69-7
45-54 475 39 1.9, 59 214 169, 25.9 689 638, 74-0 584 41 21,61 202 16-3, 24-1 64-8 60-2, 69-5
55-64 526 1.0 0-0, 2-1 16-5 12.8, 20-3 60-8 558, 65-7 605 26 1.2, 41 17.0 13:5, 20-5 617 571, 66-3
65-74 375 1.3 01,24 114 7-8, 151 55.7 49.9, 61-6 438 36 1.6, 56 182 14.0, 22.3 579 526, 63-3
>75 242 25 0-1, 4.9 13.2 86, 179 574 50-3, 64-5 236 6-3 26,100 24.4 17.8, 30-9 62-8 55.7, 69-9
Region of birth
Australia 1578 20 12,27 15-1 131,172 60-4 576, 63-3 1989 32 22,41 171 15-1, 191 59.7 571, 62-3
Main English-speaking countriest 319 26 0-8, 4-4 12.0 8.0, 159 59-6 534, 65-8 348 59 29,89 19-8 14.8, 24.9 56-6 505, 62-7
Other 370 131 89, 172 398 34.0, 456 80-6 761, 85-2 430 112 7-6, 14.9 371 317, 425 806 762, 851 §
State/territory g
New South Wales 382 4.7 26,68 19:2 15.2, 23.2 613 56-3, 66-3 442 6-1 3.8, 83 209 17.0, 24.7 612 56-6, 659 5
Victoria 324 7-4 4.5,10-3 307 256, 358 765 719, 812 410 5.3 31,75 277 233, 321 677 631,723 o
Queensland 394 1.0 002,20 75 4.9, 101 515 464, 56-5 454 25 11, 4.0 12.5 94,157 56-5 518,611 o
South Australia 272 24 0-6, 4-1 252 198, 30-6 76-8 717,819 354 71 4.3, 98 24.5 20-0, 291 733 685,780 &
Western Australia 343 2.3 07,39 13-6 99,173 59.7 54.5, 65-0 376 30 13,47 17-8 139, 21.7 615 56.5, 66-5 %
Tasmania 233 6-4 30,99 285 22.3, 34-6 747 687, 80-6 311 4.8 24,72 24.4 19-4, 29-4 62-6 57.0,681 R
Australian Capital Territory 122 0-5 00, 1-5 6-3 21,105 55-2 45.5, 64-8 149 0-7 00, 1.7 1.9 56, 182 554 46.0, 647 =
Northern Territory 197 55 21,88 231 171, 29-0 69-8 634, 76-3 271 83 0-7, 158 276 19.9, 35.2 68-5 624, 74.5 ;
Season =
Summer (December—February) 561 2.0 07, 34 13:5 10-2, 16-8 61.7 56.9, 66-4 731 26 12,40 14.2 111,174 584 541,627 &
Autumn (March—May) 819 1.8 06, 2:9 12.0 9.3, 147 56-1 521, 60-2 967 33 1.9, 46 154 12.7, 180 578 541, 615 ﬁ—
Winter (June—August) 543 94 6-4, 12.3 325 278, 371 71.0 66-5, 75-6 625 84 58,109 30-6 26-3, 349 69-8 655,741
Spring (September—November) 344 4.4 1.9, 7.0 24.5 19-2,29-8 74-8 69:6, 80-1 444 71 4.0, 102 29-6 24.5, 34.7 713 66-3, 76-3
Remoteness areat
Major cities 1398 58 43,72 241 215,267 675 647, 70-2 1735 5.8 4.5, 71 236 213,259 64-3 617, 66-9
Inner regional 499 0-8 0-3,1-3 9.7 6-8, 125 592 542, 64-3 583 33 1.5, 51 16-3 12.7, 20-0 59.7 54.9, 64.5
Other 370 05 0-02, 11 9.7 5.8, 136 522 452, 59-2 449 24 07, 41 126 89, 164 61-1 54.9, 67-3
BMI§
Healthy weight 551 4.7 25,69 19-6 15.6, 23-6 569 52.0, 61-7 1080 51 34,67 191 16-2, 21.9 581 54.6, 61-6
Overweight 1008 39 25,54 17-8 15.0, 20-6 62-8 592, 66-3 850 33 1.9, 4.8 16-3 13.3, 19:3 59.9 55.9, 63-8
Obese 708 37 21,53 20-8 174, 24.3 712 67-3, 751 837 6-2 4.3, 81 279 243,315 724 687, 76-0
Smoking
Ex-/non-smoker 1963 36 26,45 18-3 16-3, 20-3 64-8 623, 67-3 2403 4.4 34,54 201 181, 22.0 626 60-3, 64-9
Current 304 7-3 36, 11-0 25.0 191, 30-8 58-6 51.9, 65-2 364 7-8 4.5, 111 261 207, 315 65-0 59.0, 70-9
Education
High/primary/no school 747 30 1.5, 45 175 14.2, 20-7 59-8 55.7, 64-0 1048 4.0 27,53 20-8 18.0, 23.7 62:5 591, 65-9
Certificate/diploma 939 25 13,38 155 12.8, 18-3 60-7 57-0, 64-3 907 35 21,49 17.7 14.7, 20-7 617 57-8, 65:5
University 581 81 54,109 28-0 236, 32-3 755 713,797 812 77 5.3, 10-1 24.5 208, 282 64-9 60.9, 68-9
Physical activityll
High 303 32 07,56 16-0 10-8, 21-1 60-0 534, 66-6 266 0-5 0-0, 1-1 119 70, 16:8 535 46.0, 61-0
Moderate 721 2.8 1.3, 4.3 17-3 14.0, 20-7 59.5 552, 63.7 841 3-8 23,53 154 12.5, 18:3 56-8 528, 60-8
Low/sedentary 1243 5.0 35,64 210 18.4, 23-6 67-4 64-4, 70-5 1660 6-0 4.6, 74 24.9 224,274 67-3 64-7, 70-0

668
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Table 3. Continued

Women

Men

<50 nmol/l <75nmol/l

<30 nmol/l

<50 nmol/l <75nmol/l

<30 nmol/l

95% CI* % 95% CI* % 95% CI*

%

95 % CI* % 95% CI* % 95% CI* n

%

Characteristics

Socio-economic status{]

641, 74-0
561, 659

57.0, 66-3

691

19.7, 28-8
17-6, 25-8
17-5, 25-6

24.3
138, 211

29,77
34,79

53
56
5.0
4.4
4.0

60-1 54.4, 65-8 477

179 136, 2:3

1.6, 62
1.6, 59

20,59

3.9
3.7
3.9
4.2
4.5

400
432
466
483
486

Lowest quintile

61-0

21.7

526
592
584

58-4, 68-8
61.5, 715

63-6

14.8, 23-3
11.9, 19-6
16-8, 25:5
174, 265

19-1

Second quintile
Third quintile

61-6

216

28,72

66-5

15-8

211

57.9, 67-3
56-0, 65-6

62-6

17.4

1

24,65

620, 71-9

67-0

20,64

Fourth quintile

15.6, 23.7 60-8

96

2.0, 60

588

573, 67-6

62.4

219

21,68

Highest quintile
Vitamin D or Ca supplement use

37.7, 486
64-4, 69-0

43.2

42,96
215, 25-6

69
235

0.7 0.0, 15

462
2305

42.4,63-4
622, 67-0

52.9

22,138
17-8, 21-8

80
19-8

0.0, 4.5

15
42

128
2139

Yes
No

66-7

45,68

57

64-6

32,52

CD, collection districts.

* Percentages weighted to the Australian population in 2011-2013.

1 Main English-speaking countries: USA, Canada, UK, Republic of Ireland, New Zealand and South Africa.

} Categorised according to the Accessibility/Remoteness Index of Australia, which is mapped to the census CD from the Census of Population and Housing (major cities: CD with index values 0-0-20; inner regional: 0-21-2-40; other: 2.41—

5.92).
§ Healthy weight (18-5—-24-9 kg/m?; this group includes a small number of underweight participants <18-5 kg/m?), overweight (25-0-29-9 kg/m?) and obese (>30-0 kg/m?).

I Based on the level of physical activity performed for fitness, sport or recreation and walking for transport in the past week.

{ Based on 2011 Index of Relative Socioeconomic Disadvantage.

E. Malacova et al.

Discussion

We found that 20 % of adults aged >25 years who participated
in the 2011-2013 AHS were vitamin D deficient (25(OH)D
<50 nmol/D) (5% of adults had concentrations <30 nmol/1), with
a further 43 % vitamin D insufficient (25(OH)D 50 to <75 nmol/).
By comparing our AHS-based prevalence data with census
population data®, we estimated that, in 2011, approximately 9-83,
3.29 and 0-81 million Australian adults aged >25 years had serum
25(OH)D concentrations <75, <50 and <30 nmol/l, respectively.

Approximately 30% of adults aged >25 years who partici-
pated in the nationally representative 1999-2000 AusDiab study
were vitamin D deficient; however, it is not possible to assess a
trend in vitamin D deficiency over time, since the AHS used an
LC-MS/MS method certified to the RMP to quantify 25(OH)D
concentrations, while the AusDiab study used a DiaSorin CLIA.
Another difference between the AusDiab study and the AHS
was the sampling time frame, that is, the AusDiab study sam-
pled specific regions in specific months, while the AHS sampled
throughout the year.

This difficulty in comparing the prevalence of vitamin D
deficiency over time due to a change in analytical methodology
also arose in the USA, where the earlier National Health and
Nutrition Examination Survey (NHANES) surveys (up to and
including the 2000-2006 survey) used an immunoassay, but
subsequent NHANES surveys used an LC-MS/MS method that
was certified to the RMP®?. An initial comparison indicated a
decrease in mean serum 25(OH)D concentrations between the
1988-1994 NHANES and 2000-2006 NHANES®®. However,
the results from the two surveys were later harmonised using
the VDSP protocol, a mathematical model to calibrate non-
standardised assay results to allow comparison with results of
standardised assays"'”. The harmonised results indicated there
was no change in the prevalence of vitamin D deficiency in the
USA between 1988-1994 and 2000-2006“". Serum 25(OH)D
data from NHANES 2001-2010 (measured by a LC-MS/MS
method certified to the RMP) showed that 30 % of adults were
vitamin D deficient 25(OH)D <50 nmol/) and 41 % were insuf-
ficient (50 to <75nmol/D™. Similar harmonisation procedures
have been applied to data from several European studies with
varying effects on the estimates of the prevalence of vitamin D
deficiency.” In the Irish National Adult Nutrition Survey, the
estimated prevalence of serum 25(OH)D <30 nmol/l was 6-5%.
After harmonisation, the ‘true’ prevalence of deficiency was esti-
mated as 11-4%*>. In contrast, in the German Health Interview
and Examination Survey for Adults, harmonisation decreased the
prevalence estimate from 28-0 to 12:9% .

Most predictors of vitamin D deficiency were similar between
the AusDiab study and the AHS, including low physical activity,
obesity, residing in the southern part of Australia (at higher
latitudes), and blood collection during winter or spring. We
were not able to compare country of origin/race between the
AusDiab study and the AHS due to differences in categorisation
between the two studies. The AusDiab study reported higher
vitamin D deficiency in people of non-European origin, while
we found a higher prevalence of vitamin D deficiency in those
born in a country other than Australia or the main English-
speaking countries.
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Fig. 1. Prevalence of vitamin D deficiency (serum 25-hydroxyvitamin D concentrations <50 nmol/I (lll)), insufficiency (50 to <75 nmol/l, [J) and sufficiency (>75 nmol/l,
) by age group in (a) men (n 2267) and (b) women (n 2767) who participated in the 2011-2013 National Health Survey and National Health Measures Survey

(weighted to the Australian population in 2011-2013).

920

[ ~ o]
o o o
T T T

Serum 25-hydroxyvitamin D (nwm)
[
S
T

40 1 1 1 1 1 1 1 1 1 1 1 1
F @@ VP F
Month

Fig. 2. Mean adjusted serum 25-hydroxyvitamin D concentrations (with 95 %
Cl) in men and women aged >25 years who participated in the 2011-2013
National Health Survey and National Health Measures Survey (n 2267 men,
2767 women), by month of the year (spring (September—November), summer
(December—February), autumn (March—-May), winter (June—August)). Mean
adjusted for age group, region of birth, state/territory, remoteness area, BMI,
smoking, education, physical activity, socio-economic status, vitamin D and/or
calcium supplement use.

Likely reasons for the higher prevalence of vitamin D defi-
ciency for those born outside Australia and other main English-
speaking countries include clothing habits, which reduce sunlight
exposure of the skin, and/or darker skin colour, which indicates a
higher melanin concentration. Since melanin is a natural sun
protector, non-Caucasians require a longer duration of sunlight
exposure than their fair-skinned counterparts to synthesise the
same amount of vitamin D?®. Low physical activity may be
associated with a decreased amount of time spent outdoors,
resulting in decreased cutaneous synthesis of vitamin D. Physical
inactivity is also a risk factor for overweight/obesity, and there is
an inverse association between body fat and serum 25(OH)D
concentrations that may be related to the volumetric dilution of

vitamin D in fat mass®”.

Season and latitude affect cutaneous synthesis of vitamin D:
in winter the Earth is further from the sun resulting in lower UV
intensity; at higher latitudes, the sun is lower in the sky and UV
radiation traverses a longer path through the atmosphere,
resulting in greater absorption of UV-B radiation by stratospheric
ozone® . In addition, cloud cover impacts surface UV-B levels:
vitamin D synthesis is reduced in cloudy conditions compared
with clear sky®”, which may partially explain differences in the
prevalence of vitamin D deficiency between states/territories. In
our study, Victoria (the southern-most state of the Australian
mainland) had the highest prevalence of vitamin D deficiency.
Victoria was also reported as having the highest incidence
(13/100000 per year) of rickets in children aged <15 years by
the Australian Paediatric Surveillance Unit Study®®. Conversely,
the second highest incidence of rickets was seen in Western
Australia®®”, which ranks sixth of the eight states and territories
in terms of prevalence of vitamin D deficiency. Although the
prevalence of vitamin D deficiency was high across the more
southerly states (Victoria, Tasmania, South Australia), the pre-
valence of vitamin D deficiency was also high in the Northern
Territory, which had the highest prevalence of severe vitamin D
deficiency. There is a higher proportion of Aboriginal and
Torres Strait Islander people in the Northern Territory com-
pared to other states®" and, withstanding Darwin city, which
the Accessibility and Remoteness Index Australia 2006 classified
as outer regional, the remainder of the territory is classified as
remote or very remote®?. The Australian Aboriginal and Torres
Strait Islander Health Survey 2012-2013 found that the pre-
valence of vitamin D deficiency in people living in remote areas
was nearly 40 %, compared with 23 % in non-remote areas>.,

There were differences between the AusDiab study and the
AHS with respect to age and sex as predictors of vitamin D
deficiency. Results from the AusDiab study showed that vitamin D
deficiency was most prevalent in older age groups and women,
while our study showed that vitamin D deficiency was highest
in the youngest age group (25-34 year olds), with no sex
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Table 4. Unadjusted and adjusted survey-weighted logistic regression models investigating predictors of vitamin D deficiency (serum 25-hydroxyvitamin D

concentrations <50 nmol/l) in Australian adults aged >25 years included in the present study, stratified by sex (men, n 2267; women, n 2767)
(Odds ratios and 95 % confidence intervals)

Men Women

Characteristics Unadjusted OR  95% Cl  Adjusted OR* 95% ClI Unadjusted OR 95% Cl Adjusted OR* 95% ClI
Age categories (years)

25-34 Ref. Ref. Ref. Ref.

35-44 0-61 0-40, 0-93 0-67 0-42, 1-09 0-87 0-59, 1-27 098 0-65, 1-49

45-54 0-57 0-38, 0-85 0-68 042, 1-10 072 0-49, 1-04 0-81 0-54, 1-21

55-64 0-41 0-27, 0-62 0-56 0-34, 0-90 0-58 0-40, 0-85 072 0-46, 1-11

65-74 0-27 017, 0-43 0-36 0-21, 0-64 0-63 042, 0-94 074 0-46, 1-19

>75 0-32 0-19, 0-53 0-53 0-29, 0-96 0-92 0-58, 1-44 1.22 0-70, 2-11
Region of birth

Australia Ref. Ref. Ref. Ref.

Main English-speaking countriest 0-76 0-51, 1.15 0-73 0-46, 1-16 1.20 0-85, 1-70 1.39 0-96, 2-01

Other 371 277, 496 318 228, 4-45 2.86 219, 3.75 3:30 241, 451
State/territory

New South Wales Ref. Ref. Ref. Ref.

Victoria 1.87 1.31, 2.:66 1.74 117, 2.60 145 1.06, 2-01 1.66 1.17,2.37

Queensland 0-34 0-22, 0-54 0-34 0-21, 0-56 0-54 0-38, 0-79 0-52 0-35, 0-79

South Australia 142 097, 2:09 1.37 0-90, 2:09 1.23 0-88, 1-73 1-39 0-95, 2.03

Western Australia 0-66 0-44, 0-99 0-64 0-41, 0-99 0-82 0-58, 1.73 0-76 051, 1-12

Tasmania 1-67 1-12, 2.50 419 235,748 1.23 0-86, 1-75 248 1.57, 3:91

Australian Capital Territory 0-28 0-13, 0-60 0-54 0-20, 1-48 0-51 0-27, 0-98 0-99 0-44, 2-21

Northern Territory 1.26 0-83, 1.93 1.03 0-64, 1.67 1.45 0-92, 2.26 1.40 091, 2.15
Season

Summer (December—February) Ref. Ref. Ref. Ref.

Autumn (March—May) 0-87 0-60, 1-28 0-82 0-54, 1-26 1.09 079, 1-52 1.07 0-75, 1-52

Winter (June—August) 3.08 216, 4-39 355 2.39, 5:27 2:65 191, 3:68 3:36 232, 4-86

Spring (September—November) 2.08 1.39, 3-11 210 1.34, 3-30 2:54 1.78, 3-62 2.98 2.03, 4-38
Remoteness areat

Major cities Ref. Ref. Ref. Ref.

Inner regional 0-34 0-24, 0-48 0-38 0-24, 0-61 0-63 0-47, 0-85 0-64 0-45, 0-93

Other 0-34 0-21, 0-54 043 0-23, 0-80 0-47 0-33, 0-67 0-46 0-30, 0-72
BMI§

Healthy weight Ref. Ref. Ref. Ref.

Overweight 0-89 0-65, 1-23 1-11 0-77, 1-60 0-83 062, 1-10 0-84 062, 1-15

Obese 1.08 0-78, 1-51 1.53 1.05, 2:23 1-64 1.27, 213 1.97 145, 2.67
Smoking

Ex-/non-smoker Ref. Ref. Ref. Ref.

Current 1.48 1.05, 2-:09 1.41 0-94, 2.11 1-41 1.04, 1-91 1.47 1.03, 2:09
Education

High/primary/no school Ref. Ref. Ref. Ref.

Certificate/diploma 0-87 0-64, 1-18 0-80 057, 1-14 0-82 0-63, 1.07 0-83 061, 1-14

University 1-84 1.34, 2.52 1.52 1.01, 2:29 1.24 0-95, 1-61 1.28 092, 1.79
Physical activityll

High Ref. Ref. Ref. Ref.

Moderate 1-10 070, 1-73 1-47 0-86, 245 1.35 0-80, 2-26 1.38 0-81, 2-35

Low/sedentary 1-40 092, 212 1.98 1.20, 3-27 245 1.51, 3.99 2.37 143, 3:94
Socio-economic status{]

Lowest quintile Ref. Ref. Ref. Ref.

Second quintile 1.08 072, 1-62 097 061, 1-53 0-86 0-61, 1.22 1.05 0-71, 1-57

Third quintile 0-86 0-57, 1-30 0-79 049, 1.28 0-86 061, 1-21 1.07 073, 1-58

Fourth quintile 1.23 0-82, 1-82 1-03 0-65, 1-64 0-66 0-46, 0-94 0-66 0-44, 0-99

Highest quintile 1.28 0-86, 1-92 0-97 0-60, 1-57 076 0-53, 1-09 0-88 0-58, 1-35
Vitamin D or Ca supplement use

No Ref. Ref. Ref. Ref.

Yes 0-35 0-16, 0-78 0-16 0-07, 0-40 0-24 0-16, 0-37 0-16 0-09, 0-27

Ref., reference; CD, collection districts.
* Adjusted for all other variables.

1 Main English-speaking countries: USA, Canada, UK, Republic of Ireland, New Zealand and South Africa.
} Categorised according to the Accessibility/Remoteness Index of Australia, which is mapped to the census CD from the Census of Population and Housing (major cities: CD with

index values 0-0-20; inner regional: 0-21-2-40; other: 2.41-5-92).
§ Healthy weight (18-5-24-9 kg/m?; this group includes a small number of underweight participants <18-5kg/m?), overweight (25-0-29-9 kg/m?) and obese (>30-0 kg/m?).

I Based on the level of physical activity performed for fitness, sport or recreation and walking for transport in the past week.

{] Based on 2011 Index of Relative Socioeconomic Disadvantage.

ssaud Aisianun abplquied Aq auluo paysiiand LSL000615tLL£000S/210L°0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114519000151

o

British Journal of Nutrition

Vitamin D deficiency in Australia 903

differences. These changes may partly be due to an increasing
use of vitamin D supplements, particularly in older women.
Although the prevalence of single vitamin D supplement use in
Australia is generally low, it is higher in older adults than in
younger adults and higher in women than men®?. Increasing use
of vitamin D supplements over the last 20 years has been shown
in the USA from serial NHANES data®. In addition, 2 Western
Australian Study of 2076 adults aged 18-45 years found that while
men were more likely to wear a hat and protective clothing when
outdoors, women were more likely to use sunscreen and spend
more time in indoor or shaded areas®®, behaviours which may
lead to men and women receiving similar amounts of vitamin D
from sunlight.

Strengths of our study include the use of a nationally repre-
sentative sample of the Australian adult population (aged >25
years), and the use of an LC-MS/MS method certified to the
RMP for measuring serum 25(OH)D concentrations. Due to the
comprehensive data available from the AHS, we were also able
to investigate a number of potential predictors of vitamin D
deficiency. However, we were not able to consider the effects
of diet or sun exposure, a limitation common to many
population-based studies of vitamin D deficiency™®. Due to the
differences in assay methodology, we were unable to compare
the absolute prevalence of vitamin D deficiency with previous
estimates from the AusDiab study. However, while the absolute
prevalence may not be comparable due to expected analytical
method bias, that bias is not expected to interact with the var-
ious predictors; exposure—outcome relationships have been
shown to be conserved, despite bias in the prevalence of the
outcome®”. Hence, we compared predictors of vitamin D
deficiency from the AHS with those from the AusDiab study.
A limitation of this comparison is that not all variables were
categorised the same way in the two studies. For example,
physical activity was derived differently, and some categories
were not comparable (e.g. race/ethnicity in the AusDiab
study v. region of birth in the AHS; location of residence (urban/
ruraD in the AusDiab study ». remoteness area in the AHS).
Furthermore, some variables were not collected in both studies
(e.g. television viewing time was collected in the AusDiab study
but not in the AHS; supplement use was collected in the AHS
but not in the AusDiab study).

Conclusion

The 2011-2013 AHS provides the first estimate of the pre-
valence of vitamin D deficiency in a nationally representative
sample of adults using a gold standard method for measuring
serum 25(OH)D concentrations. Among Australian adults aged
>25 years, the prevalence of deficiency (<50nmol/D and
insufficiency (50 to <75 nmol/D) was 20 and 43 %, respectively,
while the remaining 37% of the population were vitamin D
sufficient (>75 nmol/D). The predictors of vitamin D deficiency
remained largely the same between the 1999-2000 AusDiab
study and the 2011-2013 AHS. However, while age continues to
be a major risk factor for vitamin D deficiency, the risk has shifted
to a younger age group compared with the AusDiab study, with
25- to 34-year-olds now carrying the highest risk of deficiency.
Given our increasingly indoor lifestyles, there is a need to develop

and promote strategies to maintain adequate vitamin D status
through safe sun exposure and dietary approaches.
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