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Abstract

A systematic review of prediction models/questionnaires developed to identify people with deficient/insufficient vitamin D status
shows the potential of self-reported information to estimate vitamin D status. The objective is to identify and compare existing
screening tools, developed to identify vitamin D deficiency or insufficiency in adults. A systematic search of literature was
conducted using MEDLINE, Scopus, Web of Science and CINAHL databases. Risk of bias and applicability concerns were
assessed by quality assessment of diagnostic accuracy studies (QUADAS-2). Data were extracted on socio-demographic,
anthropometric, risk factors, serum 25 hydroxyvitamin D [25(OH)D] levels, statistical methods and predictive ability. A total
of 12 studies were considered for inclusion for this systematic review after screening of 4851 abstracts and 15 full-text articles.
Ten of twelve studies developed prediction models and 2 studies developed questionnaires. The majority of studies had low risk
ofbias and applicability as assessed by QUADAS-2. All studies included only self-reported predictors of vitamin D status in their
final models and development of scores. Sunlight exposure and related factors were important significant contributors to the
predictive ability of the models and/or questionnaires. Sensitivity and specificity of the prediction models or questionnaires
ranged from 55 to 91% and 35 to 84%, respectively. Six out of twelve studies converted final models to scores associated with
vitamin D status. There was no evidence that any of these existing tools have been translated into clinical practice. The prediction
models or questionnaires identified in this systematic review were moderately sensitive and specific for identifying people with
vitamin D deficiency or insufficiency. The substantial contribution of sunlight exposure to the prediction of vitamin D status
highlights the importance of including this information when developing vitamin D screening tools.
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Introduction

The role of vitamin D for musculoskeletal and non-skeletal
health [1] has been recognized since the discovery by
McCollum and colleagues in 1922 that rickets can be cured by
vitamin D supplementation [2]. Vitamin D deficiency is a serious
global public health issue [3]. Vitamin D deficiency is frequent
across all age groups [4] and, paradoxically, has higher preva-
lence in sun-drenched countries such as Pakistan and Italy [5, 6],
and countries where food fortification with vitamin D has been
in practise for a number of years such as the USA or Canada [5,
7, 8]. The increasing recognition of vitamin D in musculoskeletal
health has resulted in an increased uptake of people being tested
for vitamin D, which, in turn, imposes a significant cost burden
on the healthcare system. In Australia, there was an average
increase of 59% per year for biochemical vitamin D testing
[serum 25 hydroxyvitamin D, 25(OH)D)] between 2000 and
2010 [9, 10]. However, vitamin D testing may have been pre-
scribed more frequently than required (42.9% had >1 test be-
tween 2006 and 2010 in Australia) [9, 10]. Similar trends of
increased vitamin D testing have been reported in France [11],
the UK [12], the USA [13] and Canada [14].

Blood tests play an important role in diagnosis and man-
agement of various health conditions; however, unnecessary
blood testing is not beneficial [15]. There is a lack of available
data demonstrating the clinical utility of screening serum
25(OH)D [10], data on cost-effectiveness of vitamin D screen-
ing is conflicting. According to the French National Authority
for Health, the cost of vitamin D testing per year is more than
the cost of 1 year of supplementation [11]. Australian,
Canadian and French governments have recently restricted
vitamin D testing benefits to those with symptoms of vitamin
D deficiency, such as individuals with osteoporosis, osteoma-
lacia, hyperparathyroidism, hypo- and hypercalcemia, in order
to reduce this economic burden [16—18].

There is no current, low-cost, quick and simple alternative
to blood tests available to determine a person’s vitamin D
status. Therefore, there has been increased attention directed
towards the development of vitamin D screening tools that use
self-reported data to estimate vitamin D status in order to
minimize health care costs attributable to vitamin D testing.
Previous research has identified numerous socio-demographic
and lifestyle factors associated with vitamin D deficiency
[19-23] which could be used to develop prediction models
and questionnaires that predict vitamin D deficiency or insuf-
ficiency. The aims of this review are to identify existing vita-
min D screening tools, including prediction models or ques-
tionnaires, developed to identify adults aged 18 years and over
with vitamin D deficiency or insufficiency. Furthermore, we
aimed to identify and compare self-reported socio-demo-
graphic, anthropometric and/or lifestyle risk factors associated
with vitamin D deficiency/insufficiency that have been uti-
lized in these prediction models and questionnaires.
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Methods

This systematic review adheres to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement for Diagnostic Test Accuracy (DTA) studies [24] and
is registered in PROSPERO, the International Prospective
Register of Systematic Reviews (CRD42019125867).

Eligibility criteria

Any studies published between January 2008 and October
2019 that developed models or questionnaires (index test) to
predict vitamin D status as determined by serum 25(OH)D
levels (reference standard) in adults aged 18 years or older
(with or without vitamin D deficiency and/or insufficiency),
and used socio-demographic, anthropometric and/or lifestyle
risk factors associated with vitamin D deficiency/insufficien-
cy, were eligible for inclusion. Studies were excluded if they
were (i) conference abstracts, (ii) studies on children or preg-
nant women, (iii) studies that used geriatric assessment tools
to predict vitamin D status or (iv) not published in English.
Tools that were developed by pharmaceutical companies but
not published in a peer-reviewed journal were also excluded.

Index test

The index test considered for this systematic review was a
questionnaire or a predictive model used to identify vitamin
D status based on combinations of self-reported risk factors
such as age, sex, body mass index (BMI), smoking status,
alcohol intake, physical activity, sun seeking habits, use of
sunscreens, season of blood draw, medications and vitamin
D and calcium supplements.

Reference standard

Serum 25 hydroxyvitamin D [25(OH)D] level is the best mea-
sure of vitamin D status [25]. 1,25(OH)D3 is the biologically
active form of vitamin D but its circulating half-life is shorter
than 25(OH)D and is generally normal or elevated because of
secondary hyperparathyroidism [25]. Serum 25(OH)D levels
measured by the commonly used assays such as protein bind-
ing assay, radioimmunoassay (RIA), chemiluminescent im-
munoassays (CLIA) and high-performance liquid chromatog-
raphy - tandem mass spectrometry (HPLC/MS-MS) [26] were
considered as reference standard for this systematic review.

Search strategy and identification of studies

A comprehensive electronic search of the literature was con-
ducted using MEDLINE, Scopus, Web of Science and
CINAHL databases using Medical Subject Headings
(MeSH) terms and key words including “Vitamin D” and
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“Screening tools”, with limiting terms being “Age” and
“Animal”. (Table- S1). From the initial yield, one reviewer
(GN) screened all titles, abstracts and full texts against the
pre-determined eligibility criteria. A second reviewer (JT)
cross-checked 2% of the excluded articles and 100% of all
articles identified as being eligible for inclusion. Any dis-
agreements were resolved by the involvement of third review-
er (SLB-0).

Data extraction

Data extraction was performed independently by one reviewer
(GN) and cross-checked for accuracy by a second reviewer
(JT). Any discrepancies were resolved by a third independent
reviewer (SLB-0). Data extracted from the included studies
included sample size, country in which the study was conduct-
ed, age, sex (proportion of women), mean 25(OH)D levels
(reference standard) and cut-points to define vitamin D status,
risk factors used in each study, exclusion criteria, statistical
methods used and tool presentation (conversion of final model
into scores). Data regarding the predictive ability of models
and questionnaires were also extracted, including sensitivity,
specificity and/or area under the curve (AUC).

Risk of bias and applicability

The methodological quality of each study was assessed indepen-
dently by two reviewers (GN and KL). After initial assessment,
the two reviewers discussed any discrepancies and where agree-
ment could not be gained, the disagreements were resolved by a
third reviewer (SLB-O). To assess the quality of studies in terms
of risk of bias and applicability, the Quality Assessment tool for
Diagnostic Accuracy of Studies tool version 2 (QUADAS-2)
was used [27]. The QUADAS-2 tool enables the assessment of
primary diagnostic accuracy studies and involves 4 domains of
patient selection, index test, reference standard, flow and timing
[27]. However, given that one signalling question included in the
QUADAS-2 tool was not relevant to this systematic review, it
was excluded from the two domains of patient selection (Did the
study avoid inappropriate exclusions?) and index test (Were the
index test results interpreted without knowledge of the results of
the reference standard?). It is suggested that signalling questions
can be modified or removed according to the type of systematic
review [27].

Results
Study selection
A total yield of 9183 records were ascertained from the elec-

tronic search strategy and 2 articles identified through manual
search. Following the exclusion of duplicate records, 4851

potentially eligible studies were cross-referenced against the
pre-determined eligibility criteria. After screening all ab-
stracts, 4836 articles were excluded, leaving a total of 17 (2
articles identified manually) potentially eligible records for
full-text screening. The main reason for the exclusion of pa-
pers based on abstracts was that they had not developed a
prediction model or questionnaire. The final selection of eli-
gible articles included 12 studies for qualitative synthesis
[28-39]. Figure 1 presents the flow diagram of the systematic
identification of potentially eligible studies.

Study characteristics

Ten of the twelve studies developed prediction models using a
variety of factors associated with vitamin D status, while two
studies developed a questionnaire [30, 32]. Combined, the
included studies encompassed a total of 17,088 participants
(69% women) aged 18—84 years. The majority of studies in-
cluded both sexes, ranging from 41.1% [28] to 68.6% [33] of
women, while two studies included only women [35, 36]. The
studies were performed in a range of countries, including the
United States of America (USA) (n=3) [29, 30, 35], France
(n=2) [28, 31], The Netherlands (n=2) [36, 37], and one
each in Japan [32], China [33], Brazil [34], Australia [38]
and Italy [39]. The characteristics of included studies are pre-
sented in Table 1.

Serum 25 hydroxyvitamin D [25(0OH)D] levels and
vitamin D status

The most commonly used vitamin D assay was chemilumi-
nescent assay (CLIA), and two studies [32, 33] used liquid
chromatography—tandem mass spectrophotometry (LC-MS/
MS) assay for measuring serum 25 (OH)D levels. Across
the studies, mean serum 25(OH)D levels ranged from
42 nmol/L [38] to 71 nmol/L [29]: nine of the twelve studies
used different cut-points to define vitamin D status, while two
studies investigated the continuum of serum 25(OH)D levels
[29, 36]. Six studies [28, 31, 33, 34, 37, 38] considered
<50 nmol/L of vitamin D as ‘insufficient’ and three studies
considered the same cut off as ‘deficient’ [30, 32, 35].

Risk factors considered in the development of
prediction models and questionnaires

Risk factors considered in the development of prediction
models or questionnaires varied across studies and are pre-
sented in Table 2. Overall, risk factors included were socio-
demographic, lifestyle factors, sunlight exposure and related
factors, season or month of blood drawn, self-reported health
status and medical conditions, clinical and biochemical as-
sessments, vitamin D and calcium intake (dietary or supple-
mental) and use of medications (type and number).

@ Springer
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Socio-demographic and anthropometric factors

All studies included age and sex (except for women only
studies [n=2]) in the development of prediction model or
questionnaire. Eleven of twelve studies included BMI, four
studies included ethnicity [29, 30, 34, 38] and two studies
included education level [36, 37].

Lifestyle factors

The most commonly assessed lifestyle factors were physical ac-
tivity, smoking status and alcohol intake. All three factors were
included in five [29, 32, 34, 37, 38] of the twelve studies, three
studies included either only physical activity [31], physical activity
and smoking status [33] or alcohol intake and smoking status [36].

Sunlight exposure

Sunlight exposure was included in five of the studies and
recorded as either time spent in sunlight (minutes/day) [30,
32, 33, 39] or as usual sun exposure (none, moderate or high)
[31]. Other factors included relating to sunlight exposure were
exposure to ultraviolet B (UVB) radiation [29, 32, 33, 38],

@ Springer

(n=12)

tanning ability of skin [29, 30, 32, 38], use of sunscreen [30,
32, 35] and skin tone [31, 38].

Health status and medical conditions

Self-reported health status was included in two studies [37, 38].
Falls were recorded in four studies as history of falls [28, 34,
36] or total number of falls [40]. In addition to this, fear of
falling and history of vertebral fractures were used in model
development in one study [28]. Other medical conditions were
also considered but specific to each study except for mobility
and functional limitations [28, 36, 37] recorded in three studies.

Vitamin D and calcium intake

Seven and five studies reported vitamin D [29, 30, 32, 33, 35,
36, 38] and calcium [28, 32, 36, 37, 39] intake, respectively,
and were recorded either as dietary source [29, 30, 32, 33, 35,
36, 38] and/or supplements [29, 30, 33, 36, 38].

Use of medications and other supplements

Studies varied in the type of medications used by the partici-
pants to develop prediction models or questionnaires. One
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study included medications commonly used for bone forma-
tion or prevention of bone loss [28], and another study includ-
ed postmenopausal hormone use [29] for the development of a
prediction model. Three studies reported number of medica-
tions used per day [28, 35, 36] as a predictor and four out of
twelve studies considered use of multivitamins as a predictor
of vitamin D status [30, 33, 36, 37].

Risk of bias and applicability

After assessing the quality of studies using the QUADAS-2,
the initial agreement between the assessors (GN and KL) was
77%, and after discussion, 94% agreement was reached. The
remaining 6% discrepancies were resolved by consultation
with a third reviewer (SLB-O). Overall, 7 of 12 studies were
considered as having a low risk of bias for patient selection, 10
studies for index test, 11 for reference standard and 9 for flow
and timing (Supplementary Fig. 1). In terms of applicability, 9
(patient selection and index test) and 11 (reference standard)
studies were considered as having a low concern.

Predictive ability

All the studies in their final models and development of scores
included only self-reported predictors of vitamin D status ex-
cept for studies where ambient UVB exposure was consid-
ered. Self-reported risk factors that significantly contributed
to predictive ability of models and questionnaires (Table 2) to
determine vitamin D status were older age [36-38], sex
(woman) [31, 34, 37], higher BMI [29, 31, 35-38], partner
status [37], non-Caucasian [29], low physical activity [29, 31,
32,37, 38], being a smoker [36, 37] and alcohol user [29, 37].
Among sunlight exposure and related factors, significant pre-
dictors of vitamin D status were time spent in sunlight or
outdoors [31-33, 36, 38, 39], tanning in past 12 months
[30], use of tanning booths [30] and winter season [32, 34,
37]. Self-reported health status [38] (poor), having diabetes
[34] and poor appetite [37] along with dietary [29, 30, 32,
33, 35] or supplemental [29, 36, 38] intake of vitamin D, use
of calcium supplements [36] and multivitamins [36, 37] were
also significant contributors in the predictive ability of the
prediction models and questionnaires. Ambient UVB expo-
sure [29, 33, 38] also significantly contributed to the predic-
tive ability of the prediction models but is the only factor
which is not self-reported. Use of sunscreen in one study
was significantly associated with vitamin D status.

Statistical methods used to develop the prediction models
and to test the ability of questionnaires, approaches used to
test model performance and internal and external validation
are presented in Table 3. Eight out of the twelve studies had
performed external validation of the model; however, consid-
erable variation existed between the methods employed. For
instance, only one study [31] used data from different cohorts

for external validation, whereas seven studies split their own
dataset into one sample each for development and validation.
False negative results were only reported by Annweiler and
colleagues [28] and based on three different thresholds of 34
for <75 nmol/L, 166 for <50 nmol/L and 184 for <25 nmol/L
(n=1924). The proportion of false negative results in the de-
velopment sample was 8.4%; however, this increased to
14.3% in the validation sample for lowest threshold of
<25 nmol/L. The coefficient of determination (R?) represents
the amount of variation in serum 25(OH)D explained by
models and was reported in three studies [29, 33, 38]. Two
studies reported Nagelkerke’s R?, used for categorical out-
comes. The developed models account for 14-56% of the
variation in serum 25(OH)D levels (Table 3). Only two stud-
ies [33, 39] reported the contribution of individual risk factors
to the predictive ability. In the model developed by Lee et al.
[33], UVB exposure accounted for 42% of the variation in
serum 25(OH)D levels. The contribution of other factors
was, respectively, sunlight exposure 18%, milk intake 13%,
age 8% and BMI and use of vitamin D supplements 7%. The
questionnaire developed by Vignali and colleagues [39] was
based on factors related to sunlight exposure and month of
investigation, time spent in sunlight and beach holidays.
Percentage of variation explained by each factor in a model
was 28, 13.5 and 6.4%, respectively in the prediction of vita-
min D status.

Predictive ability was reported as sensitivity, specificity
and/or area under the curve (Table 3). The highest sensitivity
0of 98% (AUC =0.93) and 87% (AUC =0.86) was observed
for the model developed by Annweiler and colleagues [28] to
identify people with <75 nmol/L and < 50 nmol/L, respective-
ly. Specificity of the models was 80% and 70% for
<75 nmol/L and < 50 nmol/L, respectively. The model devel-
oped by Merlijn and colleagues [36] used multiple cut-points
of vitamin D and AUC ranged from 0.77 to 0.73 for <30, <40,
<50 and <60 nmol/L. Tran and colleagues [38] also devel-
oped models with two cut-points of serum 25(OH)D <
25 nmol/L and < 50 nmol/L for Australian older adults. The
performance of the model was highest for predicting
<25 nmol/L (AUC =0.8) in comparison to <50 nmol/L and
higher in comparison to Annweiler’s model for <25 nmol/L
(AUC =0.38). The lowest sensitivity observed was 55.9% to
identify people with <50 nmol/L with specificity of 72.3%
[34]. Six studies [29, 31, 32, 34, 36, 37] converted their final
prediction model into scores; however, one out of those six
did not provide details of their developed scores [29].

Discussion
To our knowledge, this is the first systematic review to ex-

plore existing prediction models and questionnaires devel-
oped specifically to predict vitamin D status in adults. Of the

@ Springer
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welve studies systematically identified as eligible for inclusion
in this review, all were heterogenous in terms of defining cut-
points for vitamin D deficiency or insufficiency and risk fac-
tors used to develop tools for prediction of vitamin D status of
adults. Increasing age, female sex, low physical activity, lim-
ited sunlight exposure and low vitamin D intake (dietary or
supplemental) were consistently associated with vitamin D
deficiency and significantly contributed to the predictive abil-
ity of the models. Study populations were mainly Caucasian,
and the predictive ability of these instruments cannot be gen-
eralized to non-Caucasians. This may also explain why skin
tone did not contribute significantly to predictive ability. Most
of the studies excluded medical conditions that affect vitamin
D metabolism. Overall, the predictive ability of the models or
questionnaires was moderate for determining vitamin D defi-
ciency or insufficiency, although some reported >80% sensi-
tivity. Above all, none of these prediction models and ques-
tionnaires were translated and implemented into clinical prac-
tice or for use by community-dwelling people by themselves.
Development of a tool that considers important self-reported
risk factors for vitamin D deficiency in a simple way may be
more practical for achieving this outcome.

Age, sex, BMI and ethnicity have been previously identi-
fied as independent predictors of vitamin D deficiency and
insufficiency [41-44], and these risk factors were commonly
assessed in all studies, except for ethnicity. Omission of eth-
nicity from the prediction models is problematic as there is
increasing evidence to suggest particularly high prevalence of
vitamin D deficiency [7, 45—47] in South Asians [20, 48-50],
sub-Saharan Africans [43] and African Americans [44]. The
causes of deficiency in these population groups could be
darker skin tone, latitude, cultural habits, and low intake of
vitamin D and calcium [51]. This suggests ethnic background
is an important consideration in determining risk for vitamin
D deficiency or insufficiency. Inclusion of ethnicity in self-
reported vitamin D screening tools could improve their preci-
sion and provide more opportunity to test and compare tools
internationally.

Lack of physical activity, smoking and increased alcohol
intake are well-recognized lifestyle factors associated with
vitamin D deficiency. Alcohol intake and smoking status were
measured differently across studies. Smoking was categorized
as either current smoker (yes/no) [34, 36, 37] or never, ex- or
current smoker [33, 38]. Lifestyle factors used in studies were
self-reported, although some studies converted self-reported
physical activity data into metabolic equivalent of task
(METs hours) per week. An increasing body of evidence sug-
gest that physical inactivity is associated with vitamin D defi-
ciency or insufficiency [42, 52, 53]. Although reporting phys-
ical activity as MET hours per week is a widely used method
[54], it requires specific questionnaires and calculations to
determine physical activity levels. A simple approach of ask-
ing the amount of time spent walking or exercising during the

Conversion
final model
into score

of

No

Algorithm developed
using questionnaire

Outcome

90.2%"
For 25-49.9 nmol/L

Predictive

95.8%"
For 50-74.9 nmol/L

Predictive

91.3%"
For >75 nmol/L

Predictive

85.9%"

ability
ability
ability

Predictive ability
ability

For <25 nmol/L

Predictive

55.7%

RZ

TP, FP,
TN
and FN

correlation coefficient
between observed

and predicted
serum (25(OH)D

Cross validated

External
validation

and internal
BIC, R?, cross validated
correlation coefficient

performance
validation

Model

Statistical methods
multivariable linear
regression models.

Univariate and

[39]

Abbreviations: ANN artificial neural network, AUC area under the curve, BIC Bayesian information criterion, FN false negative, FP false positive, NPV negative predictive value, PPV positive predictive

value, ROC receiver operating characteristic, 7N true negative, TP true positive

*Reviewed study did not report sensitivity and specificity; ¥ Nagelkerke’s R*

Table 3 (continued)

Author, year
Vignali et al. 2017
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last week may be easy to collect and answer by community-
dwelling adults. Development of a predictive tool should in-
corporate physical activity in a simplified way so that no fur-
ther calculations or conversions are required. For instance,
Deschasaux and colleagues [31] measured physical activity
level by asking whether individuals achieved <1 h/day or>
1 h/day, and this simple question significantly contributed to
the predictive ability of the scores.

Exposure to sunlight is an important source of vitamin D
synthesis in skin [4], hence a significant predictor of vitamin
D status. Time spent in sunlight is positively associated with
vitamin D status but only three studies considered this factor in
the development of a tool. Merlijn and colleagues [36] used
time spent outdoors in winter and summer; however, it is un-
clear if that accounts for exposure to sunlight. Exposing arms
for 67 min during summer or 740 min in winter is beneficial
to maintaining sufficient vitamin D levels in moderately fair-
skinned people [55]. Therefore, incorporating time spent in
sunlight might improve the sensitivity and specificity of a tool
in identifying people with or without vitamin D deficiency or
insufficiency. It is also important to consider use of sunscreen
and clothing style in a self-employed screening tool as these are
important sun protection factors that prevent vitamin D synthe-
sis in skin. None of the studies reviewed had included clothing
style in the development of the screening tool, despite variation
in clothing differing between religions and thus playing an im-
portant role in determining vitamin D status [56-59].

As exposure to UVB (wavelength, 290—315 nm) is needed
for cutaneous synthesis of vitamin D [55, 60] and the amount
of UVB reaching the earth in summer and winter is associated
with vitamin D status [61], UVB exposure determined by
latitude, altitude and cloud cover [29, 33, 38] significantly
contributed to the predictive ability of the models. However,
using a complex measurement in prediction tools is not prac-
ticable. Skin tone is another factor that influences cutaneous
synthesis of vitamin D [61]. People with dark skin tone have
less capacity for the cutaneous synthesis of vitamin D due to
high melanin content as compared to fair-skinned people [62].
Hence, skin tone is an important predictor of vitamin D status
but was used only in two studies [31, 38]. As the included
studies mainly involved Caucasian people, it is perhaps not
surprising that skin tone was not a significant predictor.

The effect of season on serum levels of vitamin D is well
known; in particular, serum 25(OH)D levels are low in winter
as compared to summer [63, 64]. However, three studies [31,
36, 39] considered month of blood drawn instead of season as
a predictor of vitamin D status. For future work in this field,
we suggest the use of season of blood collection, rather than
the month, for enhancing the reliability of a prediction tool:
furthermore, the use of season would enhance the applicability
of the test for use in all countries.

There has been a little consideration towards the interaction
between medications and vitamin D, as evidence suggests that

there are certain drugs that disrupt vitamin D metabolism and
function [65, 66] such as antiepileptics and antiretroviral
drugs. Despite these known interactions between medications
and vitamin D, it is difficult for older adults to recall the names
of medications they are using. Only one study [28] required
participants to recall specific drugs, whereas three studies [28,
35, 36] alternatively included the number of medications used
per day as predictor of vitamin D status. It is possibly more
feasible for community-dwelling adults to answer a simple
question about number of drugs taken in order to account for
effects of polypharmacy on vitamin D status.

Studies included in this systematic review were mainly
focused on identifying people with vitamin D deficiency or
insufficiency, rather than those with sufficient vitamin D
levels. Importantly, the predictability of low serum 25(OH)D
(for instance cut-points of <25 nmol/l or <30 nmol/l) is of
great importance as these low levels should be avoided in
any case. The majority of included studies excluded people
with existing medical conditions that may affect vitamin D
status and some studies excluded people taking vitamin D
supplements. There appears to be no benefits of
supplementing people with sufficient vitamin D levels [67].
Thus, it is important to identify people with and without vita-
min D deficiency and insufficiency. However, we highlight
that the majority of studies reviewed did not report the ability
of tools to identify false negatives.

The presentation of a vitamin D screening tool is important;
it must be user-friendly and provide immediate feedback on
vitamin D status based on composite scores. Tools developed
for clinicians will assist decision-making about recommending
blood tests or prescribing supplements. Five studies included in
this systematic review calculated scores associated with risk
factors and a composite score to determine vitamin D status.
For instance, Deschasaux et al. [31] and Lopes et al. [34] com-
puted a score for each risk factor and the highest score was
associated with increased risk of vitamin D insufficiency.

Although few studies included in this review utilized clin-
ical assessments [28, 33] and biochemical measures [34] for
development of the vitamin D screening tool, these measures
were subsequently excluded from the final prediction models.
The final prediction models reported in the above studies fo-
cused on self-reported information. Only two studies reported
the contribution of individual risk factor in the predictive abil-
ity of the model. It is crucial to determine the contribution of
each risk factor in the predictive ability of model to test and
improve the existing models by selecting predictors that high-
ly influence vitamin D status. These predictive models and
questionnaires highlighted the potential of using self-
reported risk factors to develop vitamin D screening tools so
that people can easily determine their vitamin D status.

The PRISMA-DTA guidelines were used to structure the
systematic review. We applied the QUADAS-2 tool, recom-
mend by Cochrane to assess the risk of bias and applicability

@ Springer



Osteoporos Int

of diagnostic accuracy studies. Limitations of this systematic
review are excluding non-English studies.

In conclusion, the prediction models or questionnaires iden-
tified as part of this systematic review were moderately sensi-
tive and specific to identify people with vitamin D deficiency or
insufficiency. Only two of the twelve studies reported the con-
tribution of each risk factor to the predictive ability of the final
model. The highest contribution of sunlight exposure to the
prediction of vitamin D levels highlights the importance of this
information for inclusion in the development of vitamin D
screening tools in future. While a blood test may remain the
best way to measure serum 25(OH)D status, having the results
regarding vitamin D status from a reliable, self-reported screen-
ing tool may negate the need for a blood test, and indeed could
help clinicians to make informed decisions regarding the need
for supplementation to manage vitamin D deficiency. Future
work should also consider the intake of vitamin D supplements,
and medical conditions that may affect vitamin D status, in
order to discriminate between those with or without vitamin
D insufficiency. Similarly, the inclusion of clothing style, relat-
ed to cultural and/or religious practices and/or ethnicity, may
improve the precision of a self-reported vitamin D tool. A self-
administered prediction tool may be beneficial for community-
dwelling adults to understand their risk of vitamin D deficiency
or insufficiency with immediacy of feedback about vitamin D
health status, ease of administration and low cost.
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