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Abstract
Background/Objectives Vitamin D deficiency is a public health concern worldwide. Maintaining vitamin D sufficiency
during growth periods is essential. We aimed to determine the prevalence and predictors of vitamin D deficiency in
Australian adolescents and young adults.
Subject/Methods We used data from adolescents (12–17 years, n= 692) and young adults (18–24 years, n= 400) who
participated in the nationally representative 2011–2013 Australian Health Survey. Serum 25-hydroxyvitamin D con-
centrations were measured using a method certified to international standards, with prevalence reported for <50 (vitamin D
deficiency), 50–<75, ≥75 and >125 nmol/L. Independent predictors of vitamin D deficiency were determined using a survey-
weighted Poisson regression model.
Results Overall, 17% of adolescents and 32% of young adults were vitamin D deficient. In models adjusted for sex, age,
region of birth, socioeconomic status, BMI and season (and education, smoking status and physical activity in young adults
only), the prevalence ratio (PR) for vitamin D deficiency was more than double in participants born outside Australia
(adolescents: PR 2.46; 95% confidence interval (CI)= 1.59, 3.81; young adults: PR 2.12; 95% CI= 1.46, 3.07), and also
varied by season (adolescents: spring vs summer PR 2.47; 95% CI= 1.22, 5.01 and winter vs summer PR 2.01; 95% CI=
1.03, 3.92; young adults: winter vs summer; PR 3.32; 95% CI= 1.69, 6.53). Other predictors of vitamin D deficiency were
overweight compared with healthy weight (adolescents) and lower physical activity (young adults).
Conclusions Strategies based on safe sun exposure and dietary approaches are needed to achieve and maintain adequate
vitamin D status, particularly in young adults.

Introduction

Vitamin D is essential for bone health: the active form
increases intestinal calcium absorption and promotes bone
maturation. Childhood and adolescence are an important
time to accrue bone mass and density to ensure maximal
peak bone mass is achieved by young adulthood, since low
peak bone mass leads to increased risk of fracture and
osteoporosis later in life [1]. Given the essential role of
vitamin D in bone health, it is important to monitor younger
age groups where developmental periods represent a critical
time for maintaining vitamin D adequacy [1]. As vitamin D
supplements may be beneficial to mother and child during
pregnancy [2], maintenance of adequate vitamin D status
remains important for women during young adulthood.
Vitamin D supplementation has also been shown to be
protective against respiratory infections [3] and may reduce
risk of COVID-19 infection and associated adverse out-
comes [4].

* Lucinda J. Black
lucinda.black@curtin.edu.au

1 Curtin School of Population Health, Curtin University,
Bentley, WA, Australia

2 National Centre for Epidemiology and Population Health,
Research School of Population Health, Australian National
University, Acton, ACT, Australia

3 Centre for Ophthalmology and Visual Science, University of
Western Australia, Crawley, WA, Australia

4 Telethon Kids Institute, Nedlands, WA, Australia
5 Centre for Fertility and Health (CeFH), Norwegian Institute of

Public Health, Oslo, Norway

Supplementary information The online version contains
supplementary material available at https://doi.org/10.1038/s41430-
021-00880-y.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-00880-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-00880-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-021-00880-y&domain=pdf
http://orcid.org/0000-0002-9139-015X
http://orcid.org/0000-0002-9139-015X
http://orcid.org/0000-0002-9139-015X
http://orcid.org/0000-0002-9139-015X
http://orcid.org/0000-0002-9139-015X
http://orcid.org/0000-0003-2736-3541
http://orcid.org/0000-0003-2736-3541
http://orcid.org/0000-0003-2736-3541
http://orcid.org/0000-0003-2736-3541
http://orcid.org/0000-0003-2736-3541
http://orcid.org/0000-0003-3740-8117
http://orcid.org/0000-0003-3740-8117
http://orcid.org/0000-0003-3740-8117
http://orcid.org/0000-0003-3740-8117
http://orcid.org/0000-0003-3740-8117
http://orcid.org/0000-0003-4727-4773
http://orcid.org/0000-0003-4727-4773
http://orcid.org/0000-0003-4727-4773
http://orcid.org/0000-0003-4727-4773
http://orcid.org/0000-0003-4727-4773
mailto:lucinda.black@curtin.edu.au
https://doi.org/10.1038/s41430-021-00880-y
https://doi.org/10.1038/s41430-021-00880-y


Studies from around the world, covering a range of cli-
mates, report concerning high prevalence of vitamin D
deficiency in adolescents and young adults. Three nationally
representative studies in younger age groups in the USA
reported the prevalence of vitamin D deficiency as 9% in
1–21 year olds (serum 25(OH)D concentrations <
37.5 nmol/L) [5], 14% in 12–19 year olds (serum 25(OH)D
concentrations < 50 nmol/L) [6] and 32% in 12–17 year olds
(serum 25(OH)D concentrations < 50 nmol/L) [7] (Supple-
mentary Table 1). A nationally representative Iranian study
reported a high prevalence of deficiency (40%) in partici-
pants aged 10–18 years (serum 25(OH)D concentrations <
25 nmol/L) [8]. Of 188 participants (aged 12–13 years)
included in a Korean study, 94% were vitamin D deficient
[9], with a similar prevalence (97%) reported in Chinese
12–15 year olds [10], Saudi Arabian 6–17 year olds (100%)
[11] and Turkish 4–16 year olds (98%) [12] (all serum 25
(OH)D concentration < 50 nmol/L). The aforementioned
studies do not appear to have adjusted for season.

One challenge in estimating the prevalence of vitamin D
deficiency is that assays return highly variable results [13–16].
Previous studies have used a range of assays that have not
been standardized 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 (referred to as RMPs
hereafter) [17, 18]. This limits the validity of the prevalence
estimates in previous studies.

The 2011–2013 Australian Health Survey (AHS) was the
first nationally representative Australian survey to measure
serum 25(OH)D concentrations, and these were measured
using an assay certified to the RMPs. Using data from the
AHS, we previously reported prevalence and predictors of
vitamin D deficiency in Australian adults aged ≥ 25 years
[19]. We found that vitamin D deficiency was not uncom-
mon (20%), despite the opportunity for ultraviolet (UV)
irradiation being relatively high in many regions of Aus-
tralia, compared to many other countries. In this study, we
aimed to determine the prevalence and predictors of vitamin
D deficiency in Australian adolescents (12–17 years) and
young adults (18–24 years) using data from the AHS.

Subjects and methods

Study design and population

This cross-sectional study used data from the 2011–2013
AHS, which comprised the National Health Survey (NHS),
the National Nutrition and Physical Activity Survey
(NNPAS), and the National Health Measures Survey
(NHMS). Full details can be found elsewhere [20]. The
AHS is based on a stratified, multistage area sample of

private households, with each household assigned an ana-
lytical weight to account for the probability of inclusion.
Core information was collected from all participants:
household structure, demographics, self-reported health
status and body mass, smoking status, anthropometric
measurements (height, weight, waist, BMI [weight (kg)/
height (m)2]), fruit, vegetable and salt intakes, blood pres-
sure, female life stage and selected health conditions. Par-
ticipants were then randomly assigned to the NHS (n=
20,426), where health and medical information was col-
lected, or the NNPAS (n= 12,153), where information
regarding diet and physical activity was collected. Data
were collected by a trained interviewer from the Australian
Bureau of Statistics (ABS) through face-to-face interviews.
Participants aged ≥ 5 years were invited to take part in the
NHMS (n= 11,246), which involved collecting blood and
urine samples to measure various nutritional and biochem-
ical biomarkers. Blood samples were collected only from
those aged ≥ 12 years (n= 10,401). The study was con-
ducted in accordance with the Declaration of Helsinki.
Interviews were conducted under the Census and Statistics
Act 1905. For the NHMS component, ethics approval was
granted by the Australian Government Department of
Health and Ageing’s Departmental Ethics Committee
(approved in February 2011), and participants (or parents/
legal guardians in the case of children aged < 16 years) gave
written informed consent.

Participants self-reported their region of birth, location of
residence (at the state/territory level), highest educational
achievement (participants aged ≥ 15 years) and smoking
status (participants aged ≥ 15 years) [20]. The 2011 Index of
Relative Socioeconomic Disadvantage (IRSD) was used to
describe socioeconomic status in deciles [20]. The IRSD is
a socioeconomic index that summarises information relating
to the social and economic resources of people and house-
holds within an area, with a score ranging from low (least
disadvantage) to high (greatest disadvantage).

Young adult (aged 18–24 years) participants reported the
total minutes undertaken in the physical activity categories
of moderate activity, vigorous activity, walking for fitness,
recreation or sport and walking for transport (physical
activity was not measured in adolescents) [20]. Physical
activity scores were based on the amount and level of
physical activity undertaken for fitness, sport/recreation or
transport in the past week. They were calculated as duration
(minutes) multiplied by an intensity factor (walking for fit-
ness or transport= 3.5, moderate-level exercise/physical
activity= 5.0 and vigorous exercise/physical activity= 7.5).
The ABS then classified these scores as sedentary, low,
moderate and high [20]. Weight (kg) and height (m) of both
adolescents and young adults were measured by an inter-
viewer and used to calculate body mass index BMI. Blood
was taken using a standardised protocol [20]; date of blood
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collection was recorded. Serum 25(OH)D concentrations
were measured at the Douglass Hanly Moir Laboratory
(Sydney, Australia) using a liquid chromatography–tandem
mass spectrometry method certified to the RMPs.

Data management

We categorised region of birth as “Australia” or “Other”.
States/territories were New South Wales, Victoria,
Queensland, South Australia, Western Australia, Tasmania,
Northern Territory and Australian Capital Territory. We
categorised education as “high/primary/no school” (no non-
school qualification or level not determined and highest
year of school completion), “certificate/diploma” (advanced
diploma/diploma, certificate III/IV, certificate I/II, certificate
not further defined) or “university” (postgraduate degree,
graduate diploma/certificate, bachelor degree). We cate-
gorised smokers as “ex/non-smoker” (ex-smokers and never
smoked) and “current” (current daily smoker, current
smoker weekly, current smoker less than weekly). We
categorised socioeconomic status into quintiles: “lowest
quintile”, “second quintile”, “third quintile”, “fourth quin-
tile” and “highest quintile”.

We categorised physical activity as “high”, “moderate” or
“low/sedentary”. We categorised BMI as follows: “under-
weight/healthy weight” (<25 kg/m2); “overweight” (25–
<30 kg/m2) or “obese” (≥30 kg/m2), as per BMI score cut-
points defined for children by sex and age [20–22]. We
categorised month of blood collection into seasons: “summer”
(December–February), “autumn” (March–May), “winter”
(June–August) or “spring” (September–November).

Vitamin D deficiency was defined as serum 25(OH)D
concentration < 50 nmol/L. For comparison with results
from previous studies in the Australian population
[19, 23, 24], we also reported the proportion with serum 25
(OH)D concentrations 50–<75, ≥75 and >125 nmol/L. The
Institute of Medicine states that serum 25(OH)D con-
centrations > 125 nmol/L are associated with increased risk
of adverse health outcomes [25]; however, this may be a
conservative threshold. A number of observational studies
suggest better outcomes for some health conditions, such as
breast cancer [26] and blood pressure [27], when serum 25
(OH)D concentrations are >125 nmol/L.

Statistical analysis

We reported survey-weighted characteristics of participants,
stratified by age group (12–17 and 18–24 years): number
and proportion were used to summarise categorical vari-
ables; mean and standard deviation (SD) were reported for
age and serum 25(OH)D concentration. We reported
survey-weighted serum 25(OH)D concentration by season
of blood collection, stratified by age group, as mean (95%

confidence interval (CI)). The prevalence of total serum 25
(OH)D concentration < 50 nmol/L was reported stratified by
age group. We also reported prevalence of serum 25(OH)D
concentration < 50, 50–<75 and ≥75 nmol/L stratified by
state/territory.

Independent predictors of vitamin D deficiency were
determined using survey-weighted Poisson regression
models at the individual level. Potential predictors of defi-
ciency for adolescents were sex, age, region of birth, sea-
son, BMI and socioeconomic status (data for education and
smoking were not available for 12–14 year olds; data for
physical activity were not available for 12–17 year olds;
hence, these variables were not included in the model for
adolescents). Potential predictors of deficiency for young
adults were sex, age, region of birth, season, BMI, smoking,
education, physical activity and socioeconomic status.
State/territory was not included in regression models, as
numbers were small (n < 10) for three of the eight states/
territories when stratified by age group. Prevalence ratios
(PRs) were obtained with robust variance based on the
Huber sandwich estimate. Statistical analysis was conducted
using Stata Statistical Software version 16 [28].

Results

The current study included adolescents and young adults
aged 12–24 years who provided a blood sample for the
NHMS and had complete data for all potential predictors.
There were 4732 participants aged 12–24 years in the AHS.
Of these, 1166 had data for serum 25(OH)D concentration.
A total of 74 participants had incomplete data for potential
predictors, with missing data for BMI (n= 63), education
(n= 10) and physical activity (n= 18). Hence, 1092 parti-
cipants were included in the current study, consisting of 692
adolescents aged 12–17 years and 400 young adults aged
18–24 years.

The majority of the participants (81%) were born in
Australia (Table 1). More than 70% of participants were
categorised as underweight/healthy weight. More than half
of the young adult population (55%) had a high or moderate
physical activity level. The majority of young adults (88%)
were ex-smokers or non-smokers.

The mean (SD) serum 25(OH)D concentration was 69.7
(36.8) nmol/L for adolescents and 64.3 (40.0) nmol/L for
young adults. Across all seasons, mean serum 25(OH)D
concentrations were lower in participants born in other
regions that those born in Australia (Fig. 1).

A greater proportion of young adults (32%) than ado-
lescents (17%) were vitamin D deficient (Table 1). The
prevalence of deficiency was similar between males (29%)
and females (23%) aged 12–24 years, and lowest in
Queensland (11°S–29°S) and highest in Victoria (34°S–39°
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S). Table 2 shows the characteristics of participants with
vitamin D deficiency (serum 25(OH)D concentrations <
50 nmol/L). A further 48% of adolescents and 35% of
young adults had serum 25(OH)D concentrations 50–
<75 nmol/L. Only 4% of adolescents and 3% of young

adults had serum 25(OH)D concentrations > 125 nmol/L
(Fig. 2).

In Poisson regression models (with all potential pre-
dictors included in the model), the prevalence of vitamin D
deficiency was more than double for participants born in

Table 1 Survey-weighteda

descriptive characteristics of
Australian adolescents (12–17
years; n= 692) and young
adults (18–24 years; n= 400)
included in the current study.

Characteristic Adolescents Young adults

n % (95% CI) n % (95% CI)

Sex

Male 339 51 (45, 56) 186 52 (46, 59)

Female 353 49 (44, 55) 214 48 (41, 54)

Age, years, mean (SD) 14.4 (2.6) 20.9 (2.0)

Serum 25(OH)D concentration (nmol/L)b

<50 112 17 (14, 22) 112 32 (26, 39)

50–<75 333 48 (42, 53) 145 35 (29, 42)

≥75 247 35 (30, 40) 143 33 (27, 39)

Region of birth

Australia 610 88 (85, 91) 319 74 (68, 80)

Other 82 12 (9, 15) 81 26 (20, 32)

Educationc

High/primary/no school N/A N/A 218 54 (48, 61)

Certificate/diploma N/A N/A 98 26 (20, 32)

University N/A N/A 84 20 (15, 26)

Smokingc

Ex/non-smoker N/A N/A 346 88 (84, 92)

Current N/A N/A 54 12 (8, 16)

Socioeconomic status

Lowest quintile 116 18 (14, 23) 72 16 (2, 22)

Second quintile 117 16 (13, 20) 90 23 (18, 29)

Third quintile 163 24 (20, 29) 78 18 (13, 23)

Fourth quintile 149 20 (16, 25) 59 14 (10, 19)

Highest quintile 147 22 (18, 27) 101 29 (23, 36)

Physical activityc

High N/A N/A 105 27 (21, 33)

Moderate N/A N/A 123 28 (23, 34)

Low/sedentary N/A N/A 172 45 (39, 51)

Body mass index category

Underweight/healthy weight (<25 kg/m2) 512 74 (68, 78) 264 71 (65, 76)

Overweight (25–<30 kg/m2) 129 20 (16, 25) 85 19 (15, 25)

Obese (≥30 kg/m2) 51 6 (4, 9) 51 10 (6, 14)

Season

Summer (December–February) 176 26 (21, 31) 108 25 (20, 31)

Autumn (March–May) 219 31 (27, 37) 127 32 (26, 38)

Winter (June–August) 196 30 (25, 35) 107 26 (21, 33)

Spring (September–November) 101 13 (10, 16) 58 17 (12, 22)

25(OH)D 25-hydroxyvitamin D, CI confidence interval, N/A not applicable, SD standard deviation.
aPercentages are weighted to the Australian population in 2011–2013.
bBased on year-round blood collection, with each person sampled on one occasion only.
cVariable not reported for all ages of adolescents.
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countries other than Australia compared with those born in
Australia (Tables 3 and 4). Overweight adolescents were
approximately twice as likely to have vitamin D deficiency
compared to underweight/healthy weight adolescents
(Table 3). Adolescents with blood samples taken in spring
or winter had at least double the risk of vitamin D defi-
ciency compared to those with measurements taken in
summer. In young adults, the risk of vitamin D deficiency
was three times greater for those with blood samples taken
in winter compared to summer, and approximately doubled
in those with low/sedentary or moderate physical activity
levels compared to those with high physical activity levels
(Table 4).

Discussion

In this nationally representative sample of Australian ado-
lescents and young adults, 17% of adolescents and 32% of
young adults were vitamin D deficient. The latter is higher
than in any other age group in the AHS (e.g. 29% in 25–34
year olds, 23% in 35–44 year olds, 21% in 45–54 year olds,
17% in 55–64 year olds, 15% in 65–74 year olds, 19% in
those aged ≥ 75 years) [19]. By comparing our prevalence
data with the 2011 census population data [29], we estimate
that ~280,000 adolescents aged 12–17 years had a serum 25
(OH)D concentration < 50 nmol/L in 2011. A similar com-
parison suggests that ~650,000 young adults aged 18–24
years had a serum 25(OH)D concentration < 50 nmol/L
in 2011.

Previous studies of children and adolescents in Australia
suggest that the prevalence of vitamin D deficiency

increases with higher latitude: low prevalence in children in
the Northern Territory (12°S–26°S) [30] and adolescents in
Western Australia (15°S–35°S) [31] and higher prevalence
in Victoria (34°S–39°S) [32] and Tasmania (41°S–43°S)
[33]. In our study, participants living in Victoria had the
highest prevalence of vitamin D deficiency compared to
participants living in other states and territories; we were
not able to look at state/territory as a predictor of vitamin D
deficiency in adjusted models due to small sample sizes in
some states/territories.

Prevailing weather conditions [34], season and other
potential confounders complicate the relationship between
latitude and prevalence of vitamin D deficiency. Indeed,
season was an independent predictor of vitamin D defi-
ciency in both adolescents and young adults, which sup-
ports previous studies of children and/or adolescents in
Australia [35], Norway [36] and the USA [37], where the
prevalence of vitamin D deficiency was higher in winter
than summer. Lower UV irradiance in winter (due to the tilt
of the Earth’s axis and the elliptical orbit of the Earth)
reduces the potential for cutaneous synthesis of vitamin D.
Furthermore, cloud coverage blocks the UV radiation from
reaching the surface of the Earth [34]. This can also be an
issue with the rainy season (during summer) in tropical
locations, e.g. parts of Queensland and the Northern Terri-
tory, where ambient UV radiation is lower than expected
due to greater cloud cover. Conversely, a study in the
United Arab Emirates showed that the mean (SD) serum 25
(OH)D concentration for female university students (mean
(SD) age 20.8 (4.0) years) was higher during winter (31.3
(12.3) nmol/L) than during summer (20.9 (14.9) nmol/L)
[38]. This finding was attributed to extreme heat avoidance

Fig. 1 Mean serum 25-hydroxyvitamin D concentrations (with 95% CI) by season of blood collection in participants aged 12–24 years
born in Australia (n= 929) and other regions (n= 163) included in the current study. Summer, December–February; autumn, March–May;
winter, June–August; spring, September–November.

Prevalence and predictors of vitamin D deficiency in a nationally representative sample of Australian. . .



and cultural tendencies towards full-coverage clothing [38]
and demonstrates that increased opportunity for sun expo-
sure does not necessarily result in higher serum 25(OH)D
concentrations.

Compared with adults aged ≥ 25 years [19], we found
similar predictors of vitamin D deficiency in adolescents
and young adults, including region of birth other than
Australia, winter/spring season of blood collection, being
overweight and low physical activity. The higher risk of
deficiency seen in individuals born in regions other than
Australia could be attributed to cultural clothing habits

leading to reduced sun exposure [38] or to darker skin.
Individuals with darker skin have a higher melanin con-
centration which limits cutaneous vitamin D synthesis;
hence, those with darker skin require a longer duration or
higher intensity of exposure to UV radiation to synthesise
adequate vitamin D [39].

The relationship between obesity, physical activity and
vitamin D deficiency is unclear; however, both physical
activity and vitamin D status may influence bone mineral
density [1, 40]. The use of survey data to monitor physical
activity trends in Australia is complicated by the use of

Table 2 Survey-weighteda

descriptive characteristics of
Australian adolescents (12–17
years; n= 112) and young
adults (18–24 years; n= 112)
with vitamin D deficiency
(serum 25(OH)D < 50 nmol/L).

Characteristics Adolescents Young adults

n % (95% CI) n % (95% CI)

Sex

Male 61 53 (40, 65) 63 59 (47, 70)

Female 51 47 (35, 60) 49 41 (30, 53)

Age, years, mean (SD) 14.6 (3.2) 21.1 (2.1)

Region of birth

Australia 81 76 (65, 85) 65 50 (38, 62)

Other 31 24 (15, 35) 47 50 (38, 62)

Educationb

High/primary/no school N/A N/A 60 55 (43, 67)

Certificate/diploma N/A N/A 23 17 (10, 27)

University N/A N/A 29 28 (18, 40)

Smokingb

Ex/non-smoker N/A N/A 95 81 (69, 89)

Current N/A N/A 17 19 (11, 31)

Socioeconomic status

Lowest quintile 25 25 (14, 39) 19 19 (11, 31)

Second quintile 18 16 (9, 26) 23 24 (15, 36)

Third quintile 26 18 (11, 28) 20 16 (9, 28)

Fourth quintile 18 16 (8, 28) 18 12 (7, 21)

Highest quintile 25 26 (16, 39) 32 29 (19, 41)

Physical activityb

High N/A N/A 15 14 (7, 24)

Moderate N/A N/A 36 33 (23, 46)

Low/sedentary N/A N/A 61 53 (41, 65)

Body mass index category

Underweight/healthy weight (<25 kg/m2) 71 60 (46, 72) 74 74 (63, 83)

Overweight (25.0–<30 kg/m2) 28 31 (19, 45) 18 (12) 12 (6, 20)

Obese (≥30 kg/m2) 13 9 (4, 20) 20 (14) 14 (7, 25)

Season

Summer (December–February) 16 16 (9, 28) 13 11 (5, 22)

Autumn (March–May) 20 23 (12, 38) 28 24 (15, 36)

Winter (June–August) 47 41 (29, 54) 51 48 (36, 60)

Spring (September–November) 29 20 (12, 30) 20 17 (10, 27)

25(OH)D 25-hydroxyvitamin D, CI confidence interval, N/A not applicable, SD standard deviation.
aPercentages are weighted to the Australian population in 2011–2013.
bVariable not reported for all ages of adolescents.
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various methods to score physical activity levels [41], and it
is not clear whether Australians are becoming more or less
physically active over time [42, 43]. Furthermore, deter-
mination of any potential association between trends in
physical activity and vitamin D deficiency could be com-
promised by use of non-standardised assays to measure
serum 25(OH)D concentrations.

Low physical activity levels may be associated with
reduced time spent outdoors, resulting in lower sun expo-
sure [44]; low physical activity itself is a risk factor for
overweight/obesity [45]. It has also been suggested that a
higher fat mass leads to vitamin D deficiency through
volumetric dilution of 25(OH)D [46]. We previously
reported that being obese and having low physical activity
levels were independent predictors of vitamin D deficiency
in Australian adults aged ≥ 25 years [19]. Similarly, in
adults aged ≥ 18 years participating in the 2001–2010
National Health and Nutrition Examination Survey
(NHANES), obesity and low physical activity were inde-
pendent predictors of vitamin D deficiency [47]. However,
in the current study, there was no statistically significant
association between BMI category and risk of vitamin D
deficiency in young adults in adjusted analyses, whereas
those with low/sedentary or moderate physical activity
levels were approximately twice as likely to be vitamin D
deficient as those with high physical activity levels. In
contrast, overweight adolescents were approximately twice
as likely to be vitamin D deficient as those of healthy
weight; however, we were not able to adjust for physical
activity since it was not collected for adolescents. Obesity
was also an independent predictor of vitamin D deficiency

in children and adolescents aged 1–21 years in the
2001–2004 NHANES; however, similar to our study, phy-
sical activity was not assessed [5].

Our findings that vitamin D deficiency affects a con-
siderable proportion of Australian adolescents and young
adults indicate that measures may be required to improve
circulating 25(OH)D concentrations in this population.
These findings are based on 25(OH)D measurements made
using an assay certified to the RMPs and may provide a
more reliable picture of vitamin D status than screening by
the non-certified assays that are commonly used for routine
assessment of individuals [15]. These routinely used assays
often provide 25(OH)D results lower than the true value and
may result in supplements being provided to those that do
not require them [15]. Addition of vitamin D into the food
supply though food fortification or biofortification may be a
more suitable approach than supplementation, which is
more appropriate as a treatment for frank deficiency at the
individual level [15]. This would allow provision of safe but
useful amounts of vitamin D across the Australian popula-
tion, which would then benefit adults in older age brackets
that are also affected by vitamin D deficiency [19].

A major strength of our study was the use of an assay
certified to the RMPs. A further strength was the large

Fig. 2 Percentage of participants aged 12–24 years with serum 25-
hydroxyvitamin D concentrations < 50, 50–<75 and ≥75 nmol/L by
state/territory (weighted to the Australian population in
2011–2013). NSW n= 167, VIC n= 158, QLD n= 175, SA n= 148,
WA n= 152, TAS n= 141, ACT n= 93. *Northern territory excluded
since n < 10 in one or more categories.

Table 3 Survey-weighted Poisson regression model showing
independent predictors of vitamin D deficiency (serum 25(OH)D
concentrations < 50 nmol/L) in adolescents aged 12–17 years who
were included in the current study (n= 692).

Characteristics PR (95% CI) P value

Sex

Male Reference

Female 0.92 (0.60, 1.39) 0.68

Age 1.05 (0.91, 1.20) 0.53

Region of birth

Australia Reference

Other 2.46 (1.59, 3.81) <0.001

Socioeconomic status

Lowest quintile Reference

Second quintile 0.64 (0.33, 1.23) 0.18

Third quintile 0.59 (0.30, 1.15) 0.12

Fourth quintile 0.57 (0.27, 1.25) 0.16

Highest quintile 0.80 (0.41, 1.58) 0.52

Body mass index category

Underweight/healthy weight (<25 kg/m2) Reference

Overweight (25–<30 kg/m2) 1.97 (1.19, 3.24) 0.008

Obese (≥30 kg/m2) 1.98 (0.86, 4.55) 0.11

Season

Summer Reference

Autumn 0.99 (0.45, 2.16) 0.98

Winter 2.01 (1.03, 3.92) 0.040

Spring 2.47 (1.22, 5.01) 0.012

Summer, December–February; autumn, March–May; winter,
June–August; spring, September–November.

PR prevalence ratio, CI confidence interval.
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nationally representative sample of Australian adolescents
and young adults with blood samples taken year round;
previous studies in Australia have been limited to specific
regions or limited seasons. The AHS provided compre-
hensive data on demographic and lifestyle characteristics,
which allowed for potential predictors of vitamin D defi-
ciency to be investigated. Although the AHS provided the
most recent nationally representative serum 25(OH)D con-
centrations in adolescents and young adults, some years

have since passed and sun exposure practices may have
changed over time. Indeed, data from National Sun Pro-
tection Surveys show that proportions of adults and ado-
lescents who reported getting sunburnt and who reported
using two or more sun protective behaviours on summer
weekends increased between 2011 and 2013 (sunburn:
adults 7%, adolescents 13%; sun protective behaviours:
adults 42%, adolescents 23%) and 2016 and 2017 (sun-
burn: adults 11%, adolescents 16%; sun protective beha-
viours: adults 45%, adolescents 35%) [48]. We were not
able to consider some potential predictors, since they were
either not collected in the AHS (vitamin D intakes; skin
pigmentation; sun exposure) or the sample numbers were
low (country of origin other than Australia or years lived in
Australia (for immigrants)). Comparison between regions
of birth classified as “Australia” or “Other” may not
account for potential regional or racial/ethnic differences
within these categories. We were able to estimate pre-
valences for states and territories; however, many of the
states and territories span a wide latitude and we were
unable to explore the effects of geographic variability
within states and territories on vitamin D status.

In conclusion, we found that 17% of adolescents and
32% of young adults in Australia were vitamin D deficient.
Region of birth other than Australia and season of blood
collection were independent predictors of deficiency in both
age groups. In Australia, screening for vitamin D deficiency
is recommended only for those at high risk of deficiency
(e.g. children and people with: osteoporosis; osteomalacia; a
condition that affects, or requires medication that may affect
vitamin D absorption or reduce circulating 25(OH)D con-
centrations; darker skin pigmentation; reduced sun expo-
sure) [49]. Recommending supplementation at the
population level is not an ideal public health strategy since
adherence to supplement use is poor and is not necessarily
adopted by those most at risk of deficiency [50]. Therefore,
given the importance of adequate vitamin D for bone health,
there is a need to develop and promote strategies to main-
tain adequate vitamin D status through safe sun exposure
and dietary approaches, particularly for young adults.
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