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Background: Completing large systematic reviews and maintaining them up to date poses significant
challenges. This is mainly due to the toll required of a small group of experts to screen and extract potentially
eligible citations. Automated approaches have failed so far in providing an accessible and adaptable tool to
the research community. Over the past decade, crowdsourcing has become attractive in the scientific field,
and implementing it in citation screening could save the investigative team significant work and decrease the
time to publication.

Methods: Citations from the 2015 update of a pediatrics vitamin D systematic review were uploaded
to an online platform designed for crowdsourcing the screening process (http://www.CHEORI.org/en/
CrowdScreenOverview). Three sets of exclusion criteria were used for screening, with a review of abstracts
at level one, and full-text eligibility determined through two screening stages. Two trained reviewers, who
participated in the initial systematic review, established citation eligibility. In parallel, each citation received
four independent assessments from an untrained crowd with a medical background. Citations were retained
or excluded if they received three congruent assessments. Otherwise, they were reviewed by the principal
investigator. Measured outcomes included sensitivity of the crowd to retain eligible studies, and potential
work saved defined as citations sorted by the crowd (excluded or retained) without involvement of the
principal investigator.

Results: A total of 148 citations for screening were identified, of which 20 met eligibility criteria (true
positives). The four reviewers from the crowd agreed completely on 63% (95% CI: 57-69%) of assessments,
and achieved a sensitivity of 100% (95% CI: 88-100%) and a specificity of 99% (95% CI: 96-100%).
Potential work saved to the research team was 84% (95% CI: 77-89%) at the abstract screening stage, and
73% (95% CI: 67-79%) through all three levels. In addition, different thresholds for citation retention and
exclusion were assessed. With an algorithm favoring sensitivity (citation excluded only if all four reviewers
agree), sensitivity was maintained at 100%, with a decrease of potential work saved to 66% (95% CI:
59-71%). In contrast, increasing the threshold required for retention (exclude all citations not obtaining
3/4 retain assessments) decreased sensitivity to 85% (95% CI: 65-96%), while improving potential workload
saved to 92% (95% CI: 88-95%).

Conclusions: This study demonstrates the accuracy of crowdsourcing for systematic review citations

screening, with retention of all eligible articles and a significant reduction in the work required from the
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investigative team. Together, these two findings suggest that crowdsourcing could represent a significant

advancement in the area of systematic review. Future directions include further study to assess validity across

medical fields and determination of the capacity of a non-medical crowd.
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Introduction

Systematic reviews are considered one of the cornerstones
of evidence-based medicine, and can often support or refute
the importance of a treatment or research idea with a higher
level of confidence than an individual study (1). There are,
however, recognized challenges to performing a well done
systematic review with many never being finished, requiring
years to complete, missing eligible trials, or becoming
rapidly out of date (2).

To ensure complete identification of the relevant
evidence base, investigators must search a variety of sources
including multiple electronic databases (e.g., MEDLINE,
Embase). This results in the retrieval of thousands or tens
of thousands of citations (3-5), with only a small percentage
(3-5%) ultimately meeting eligibility criteria (6). Accepted
practice has each of the potential citations being evaluated in
duplicate (independently). The time required to identify the
eligible studies is considerable (7), and will only continue to
increase given the rapid growth in scientific literature (8).
Recent work suggests that researchers may already be
utilizing search and screen approaches that negatively
impact the systematic review process (9,10). Alternative
methodological avenues that maintain, or possibly enhance,
the validity of the systematic review processes have been
recognized as desirable (11-13). For example, automated
computer screening has been considered (14), where
abstracts are ranked based on specific keywords. This
method has failed to gain momentum due to inadequate
validation, need for computer science expertise, and the fact
that many investigators view abstract screening as a human
intelligence task (14,15).

Abstract screening and full text evaluation are usually
performed by a small group of highly trained experts.
With considerable other demands on their time, this
approach frequently leads to significant delays. An
alternative would be to have a significant portion of the
screening process performed by a large group of individuals
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with less specialized training and subject expertise. If
feasible, this approach could significantly speed up the
systematic review process. In essence, this idea amounts
to crowdsourcing or “the process of obtaining needed
service, ideas, or content by soliciting contributions
from an online community rather than from traditional
employees or suppliers.” Over the past decade, this concept
has been gaining in importance, with the introduction
of Wikipedia as evidence of feasibility. In the biomedical
areas, crowdsourcing has been used with success to gain
wide input on clinical trials designs (16) and to assist
in the prediction of complex biological structures (17).
Crowdsourcing of abstract screening has been utilized in a
previous project, although the accuracy of this process was
not validated (18).

The objective of this project was to determine whether
a crowd with no project specific training or expertise could
accurately determine study eligibility for a systematic
review.

Methods

We performed a validation study comparing the results
of a systematic review performed through crowdsourcing
to the findings generated using the gold-standard, trained
experts approach. The systematic review was an update
to a previously published study (9), and the protocol for
this study was established a priori (PROSPERO protocol
registration number: CRD42016038178). Results are
reported according to the PRISMA guidelines for
systematic reviews (1able ST) (19).

Identification of studies

The previously reported MEDLINE search strategy (9)
was used. Our previously published systematic review
included all citations up to January 2015. In this update, all
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148 citations published between January 2015 and January
2016 and indexed on MEDLINE were included. This
update was restricted to MEDLINE as 98% (166/169) of all
eligible publications from the prior systematic review and
100% (79/79) of trials from the past 5 years were identified
through MEDLINE. The search strategy (Appendix S1)
was developed by a librarian (Margaret Sampson) and peer
reviewed by a second (Lorie Kloda, MLIS, PhD), using
the PRESS (Peer Review of Electronic Search Strategies)
standard (20).

Screening was conducted using an online platform
“CrowdScreen SR” designed for this study (http://www.
CHEORI.org/en/CrowdScreenOverview). This program
allows both the abstract and full text of citations to be
uploaded so reviewers can assess eligibility at multiple
screening levels. Study inclusion criteria were identical
to those previously reported (Table S2) (9). At each level,
reviewers were instructed to place citations into one of
three groups: (I) retain; (II) exclude; or (III) unclear—I
cannot assess this citation. When a citation was categorized
as exclude the reviewer was prompted to indicate one or
more eligibility criteria that were not met.

Review of citations by two experts (accepted gold standard
approach) was performed as previously described (9).
Data was extracted from eligible articles independently and
in duplicates by two authors and entered into REDCap (21).
The methods for stratification of study populations and
vitamin D dosing regimens were consistent with the
original systematic review (9). Each study was assessed using
Cochrane risk of bias tool (22).

Crowd screening

Review of citations by the crowdsourcing arm proceeded
in parallel. For this initial study we sought individuals with
post-secondary education and a medical background (e.g.,
medical school, nursing) who had not provided input into
the design of the systematic review protocol and had not
received training sessions by the investigators on how to
screen citations. These individuals were recruited at the
Children’s Hospital of Eastern Ontario and the Medical
School at the University of Ottawa, by notifying members
of a pediatric interest group. Reviewers had unique
usernames and passwords, allowing separate tracking and
evaluation of their progress. Initially, each reviewer was
given access to a demo module for practice assessments
on 16 abstracts and 9 full-text citations from the original
systematic review. During the demo immediate feedback
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was provided on whether the reviewer’s assessment of the
abstract was accurate. Afterwards, reviewers started the
formal screening process. Reviewers were not assigned to
a fixed number of citations but were offered the flexibility
to screen as many citations as they could at each of the
screening levels. Citations were randomly distributed
among reviewers.

Data collection and analysis

For this study, the decision was made to evaluate each
citation a minimum of four times. At both abstract and full
text screening levels, the assessments for each citation were
categorized as shown in Table S3. In brief: (I) group 1: three
or more retain assessments; (II) group 2: three or more
exclude assessments; (III) group 3: any other combination of
four assessments. The investigative team was only required
to review citations that belonged to the third group, as
well as the finally retained citations after the three levels of
screening.

The outcome of primary interest was sensitivity,
calculated by determining the number of trials retained by
the investigators (true positives) that were also retained by
the crowd after both abstract and full text screening. The
second outcome of interest was the number of abstracts
and full text assessments that the investigative team did
not review, or work saved. This was calculated as number
of citations retained or excluded solely by the crowd at
the first two levels, and those excluded at the third (under
the assumption that the investigative team would confirm
full eligibility of all retained studies) (Zuzble S3). This was
presented as the percentage of all abstracts and full texts
being reviewed, and was labeled as work saved, consistent
with other reports in the field. Jeffreys interval was used
to calculate 95% confidence for sensitivity, specificity and
work saved (23).

Results
Systematic review update

Figure 1 demonstrates the flow of studies identified by
the search strategy, as per the gold standard screening
method (i.e., two trained reviewers). A total of 148 unique
records were retrieved from the electronic search, of
which 99 were excluded at level one, with an additional 14
excluded at level two screening. In total, we identified 35
publications that reported on the results of a clinical trial
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Figure 1 Flow chart of study selection based on inclusion and
exclusion criteria. Numbers will exceed the total because studies

could be excluded for multiple reasons.

administering ergocalciferol or cholecalciferol to children.
From these, 20 articles met eligibility criteria for high dose
supplementation (Appendix S2), representing 17 distinct
trials (Zable I). Reviewing cited references failed to identify
any additional trials. Evaluation of the 17 included studies
showed that 19 different populations and 39 distinct arms
were described (Figure SI). Details on population, dosing
and methodology are provided in 7able S4.

Crowdsourcing

The crowdsourcing arm was composed of eight reviewers: six
medical students, one pediatrics subspecialty fellow and one
nurse. One student withdrew from the study prior to starting
the screening process due to time constraints. All the medical
students were early in their training (two were first year and
three were in their second year). On average, the remaining
reviewers assessed 12.3 demo citations (range, 2-37), and
correctly classified 91% of demos (range, 70-100%). During
the formal screening process, the seven reviewers evaluated
an average of 170 citations (range, 74-233) when abstract
and full text screening were combined. Four reviewers
contributed to all three stages of screening, two reviewers
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assisted with two levels, and the remaining reviewer
contributed to only abstract screening. For all three levels
of screening, each citation was classified according to
the distribution of reviewer assessments (Figure 2). For
comparison, the number of eligible citations as determined

by the experts is also shown.

Crowd sensitivity

Sensitivity of the crowd for retaining eligible studies was
100% (20720, 95% CI: 88-100%) when only those citations
receiving 3 or 4 exclude assessments were discarded
(Table 2 and Table S5). Crowdsourcing reviewers agreed
completely on the assessment (i.e., 4 retain or 4 exclude)
in 65% (96/148) of the citations at the abstract stage and
60% (50/84) at full text review. Only three eligible articles
required review by the PI for level 3 due to disagreement
among the crowd. Otherwise, the remaining 17 articles
passed the screening without any review from the PI. When
all three screening stages were considered, specificity of the
crowd was estimated at 99% (127/128, 95% CI: 96-100%).
The lone ineligible article that was categorized as eligible
with three retain assessments was a published protocol for
a randomized controlled trial (RCT) that would have met
systematic review eligibility once completed (24). Due
to the small number of participants it was not possible to

analyze for differences in performance by subgroup (25).

Crowd efficiency

Citations that were sorted by the crowd without
involvement of the principal investigator were considered
as potential work saved to the investigative team. With this
approach, only the citations not receiving three or more
congruent assessments and the final set of retained citations
remained as work requiring assessment by the investigative
group (Figure 2). As such, the crowd automatically classified
(retained or excluded) 84% (124/148) of the abstracts
(level 1) and 71% (35/49) of full texts in level 2
(Table S5). In the final screening stage 31% (11/35) of
remaining citations were excluded by the crowd. Combined,
the work saved throughout the whole screening process was
73% (170/232, 95% CL: 67-79%). Additionally, we assessed
the change in sensitivity and work saved that occurred with
modification of the threshold for retaining or excluding
citations at all three levels of screening (
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Table 1 Descriptive characteristics of eligible studies. Study and population descriptions of the 17 original trials identified in the screening
process, representing studies of high-dose vitamin D supplementation in pediatrics, published between Jan 2015-Jan 2016

Risk of
bias

Study

. T . - . .
design Population, age n, N High-dose regimens Primary outcome

Author, year Location

Vehapoglu, 2015 Middle East  Single arm Healthy with growing 148, 148 Single dose PO: 150,000 IU 25 OHD, pain High

pain, 4-12y (<6 years) or 300,000 IU
(>6 years)
Aytac, 2016 Middle East  Paralleled Renal disease, 65, 65 300,000 IU single D3 PO Cardiovascular  High
10-17y
Le Roy, 2015 C/S. America RCT Cerebral palsy, 15, 30 100,000 IU single D3 PO 25 OHD Low
6-14y
Cayir, 2014 Middle East Paralleled Migraines, 8-16y 27,53 800 or 5,000 IU daily PO Migraine attacks Medium
Rajakumar, 2015 N. America RCT Healthy/VDD, 8-14y 78,157 1,000 IU daily D3 PO 25 OHD Low
Mayes, 2015 N. America  RCT Burns, 6 m-19y 26, 39 100 IU/Kg daily PO, D2 vs. D3 Fracture risk Medium
Shah, 2015 N. America  RCT Obesity, 11-18 'y 20, 40 150,000 IU Q3 months D2 PO 25 OHD Low
Simek, 2016 N. America  RCT IBD, 8-21y 34, 40 5,000 1U/10 kg or 10,000 25 OHD Low

1U/10 kg weekly D3 PO

Tan, 2015 Australia RCT Healthy/VDD, 5-9y 37,73  Daily D3 PO: 5,000 IU (25 25 OHD Medium
OHD <27.5), 2,500 IU (25
OHD >27.5) vs. single D3 PO:
200,000 IU (25 OHD <27.5),

100,000 (25 OHD >27.5)

Hanson, 2015 N. America RCT Premature 32,32 400 or 800 IU daily D3 PO 25 OHD Low
newborns

Dougherty, 2015 N. America  RCT Sickle cell, 5-20y 44,44 4,000 or 7,000 IU daily D3 PO 25 OHD Low
Galli, 2015 Europe RCT Eczema,6 m-16y 41,89 2,000 IU daily D3 PO 25 OHD Low
Morandi, 2015  Europe Single arm Healthy/VDD, 3-15y 33, 33 100,000 IU monthly D3: IM Pain High

(25 OHD <10) or PO (25 OHD

10-20); 25,000 IU monthly D3

PO (25 OHD 20-30)
Moodley, 2015  C/S. America RCT Healthy newborns 18, 51 50,000 IU single D3 PO 25 OHD Low
Eltayeb, 2015 Middle East RCT Hepatitis C, 7-14y 31, 60 2,000 IU daily D3 PO HCV RNA level  Medium
Dubnov-Raz, Middle East RCT Healthy/VDD, 28,55 2,000 IU daily D3 PO Respiratory Low
2015 12-21y marker
Steenhoff, 2015 Africa RCT HIV, 5-51y 60,60 4,000 or 7,000 IU daily D3 PO 25 OHD Low

7Pl

T, “N” refers to the total number of patients enrolled in the study, while “n” includes only those who have received high dose regimens.
25 OHD, 25-Hydroxycholecalciferol; C/S. America, Central and South America; D2, ergocalciferol; D3, cholecalciferol; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; IBD, inflammatory bowel disease; IM, intramuscular; IU, international units; N. America, North
America; PO, oral; Q3 months, every 3 months; RCT, randomized controlled trial; VDD, vitamin D deficiency.
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Abstract screening Full text review
Citation assessment profile
Level 1 Level 2 Level 3
Retain Exclude Unclear Citations Eligible Citations Eligible Citations Eligible
4 0 0 25 15 26 17 11 11
3 Oor1 Oor1 11 5 6 3 7 6
Other combination 24 14 6 3
Oor1 3 Oor1 17 1
0 4 0 71 10
Total 148 49 35

Figure 2 Assessment of 148 citations by the crowd at each screening level. Four reviewers assessed each citation and selected one of three

options (retain, exclude, unclear). Citations were stratified depending on the combination of the four assessments. Number of eligible

citations refers to the true positives identified by the gold-standard approach (two trained experts).

Table 2 Contingency table comparing assessment by the crowd to
the gold-standard two trained experts

Experts
Crowd - Value (95% Cl)
Retain Exclude

Retain 20 1 PPV =95%
(80-99%)

Exclude 0 127 NPV =100%
(98-100%)

Value Sensitivity =100% Specificity =99% -

(95% Cl) (88-100%) (67-79%)

Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) are provided as a percentage
with a 95% confidence interval.

). Using a more conservative approach and only discarding
citations with four exclude assessments maintained the
sensitivity at 100% (20/20, 95% CI: 88-100%) and
decreased work saved to 66% (152/232, 95% CI: 59-71%).
When the approach was changed to remove all citations
unless they received 3 or 4 retain assessments, the workload
saved improved to 92% (214/232, 95% CI: 88-95%),
although sensitivity declined to 85% (17/20, 95% CI: 65—
96%).

Discussion

The challenges associated with completing and updating
large reviews are well described (11-13). In this pilot
study, we sought to demonstrate whether it was feasible
to crowdsource important time consuming steps of the
systematic review process. Our main study finding were
that a crowd of individuals with no subject-specific expertise
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and no input into the systematic review protocol was able
to retain 100% of the eligible citations through screening,
while reducing the work required of the investigative team
to just 27%.

The ability to identify and retain studies that meet
systematic review eligibility criteria is the most important
outcome when evaluating an alternative or adjunctive
methodology for abstract and full text screening (14). The
ability of the crowd to retain 100% of eligible studies
throughout the entire screening process in our study
exceeds the 95% cut-off utilized in the computerized
automated text screening literature to identify promising
algorithms (12,26). As a role for crowdsourcing in
systematic reviews is a novel idea, there are no published
validation studies for comparison. The only published study
in this area, by Brown and colleagues, had an online crowd
complete a systematic review in the area of nutrition, but
did not compare crowd responses to gold standard (18).
Although unpublished, the most relevant findings for
comparison have been described as part of an ongoing
Embase project where volunteers screen abstracts to
identify those representing RC'Ts on humans. As part of this
work the investigators performed a nested validation study
and reported 99% sensitivity, further supporting the idea
(27,28). Although suggestive, findings from the Embase
project have limited applicability as the abstracts may have
been preselected, were not evaluated against a full set of
systematic review eligibility criteria, and full text screening
was not evaluated.

Although high sensitivity is essential, crowdsourcing
is only valuable if it also reduces investigator workload. A
recent systematic review of studies evaluating computerized
text recognition identified work saved as one of the
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most common measures evaluated (14). In our study,
we calculated that crowdsourcing would have reduced
investigator workload by 84% for abstract screening,
exceeding estimates in all but a few of the text mining
studies (14). It is important to recognize that based on
comfort level and the size of literature, investigators
may choose alternative approaches that prioritize either
sensitivity or work saved. When considering an algorithm
that prioritized sensitivity, the work saved at the abstract
stage was 73 %. Although lower, it still outperformed many
of the computerized text recognition studies. In contrast,
an algorithm that prioritized work saved was able to
further decrease the work required across three levels by
the investigative team to just 8%, but reduced sensitivity
to 85%. Although sensitivity of 85% may be a cause for
concern, it is important to consider that there is increasing
evidence that current search and screen approaches may
achieve sensitivities well below 85%. For example, a recent
analysis by Créquit ez a/. of 29 systematic reviews on lung
cancer showed that these reviews missed 46% (n=34) of
trials and 30% (n=8,486) of patients that were eligible and
published prior to publication date (10). Furthermore, our
recent systematic review identifying all high dose vitamin
D trials in children demonstrated that individual systematic
reviews missed 28% of eligible trials (9). Even if perfect
sensitivity is not achieved in future studies, crowdsourcing
may ultimately improve on the proportion of eligible trials
identified if investigator groups are able to incorporate
less specific search terms. In addition to initial systematic
reviews, crowdsourcing may facilitate updates of previously
published reviews, or contribute to real-time up-to-date
online “living systematic reviews” (29,30).

In addition to appropriate sensitivity and work saved, it
is important to acknowledge that crowdsourcing will not
become an established mainstream methodology without
attention to feasibility. Feasibility has been acknowledged
as one of the factors preventing adoption of automated text
recognition for abstract screening, as most investigators are
uncomfortable with the technology and individuals with
appropriate expertise are scarce (14). For crowdsourcing to
be widely adopted, it will be necessary to create a software
platform that allows investigators to upload citations, define
eligibility criteria, individualize parameters for retaining
citations, and provide access to a large crowd of online
individuals. Although both the Amazon Mechanical Turk
and Embase projects do support feasibility, neither presents
a resource that could be easily adapted by others to their
specific study (18). The second aspect of feasibility that
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needs exploration is crowd motivation. Experience with
crowdsourcing in other fields suggests that this may not be a
problem. For example, the 57,000 crowd members from the
general public helped in the FoldIt project, by participating
in an online game aimed at determining the most stable
structure of specific proteins (17). With respect to
systematic reviews, individuals and groups may be motivated
to assist for a number of reasons including personal interest
in the topic, research experience, educational credit
(course work), altruism (volunteers), financial benefit, or
academic advancement (authorship). While the feasibility
study by Brown might be taken to suggest that individuals
will only do the work if paid, it is important to note
that the crowd received only a relatively small payment
($0.07 per citation) (18). In our study, although authorship
was eventually offered to those participants who met
criteria, the initial advertisement requested volunteers, and
many individuals willing to participate were turned away.
Finally, and although unpublished, the greatest evidence to
support feasibility comes from the Embase project where an
online community of volunteers has assessed approximately
100,000 abstracts for free (27,28).

Despite findings that support the ability to crowdsource
parts of the systematic review, it is important to highlight
study limitations. First, despite calculating 100% sensitivity,
given the relatively small number of eligible citations in
the study the true sensitivity may be lower. Second, our
results are based on citations and criteria from a single
systematic review, making it unclear how to generalize
findings to other fields and research questions. Third, this
study focused on evaluating sensitivity and work saved
among a crowd of individuals with medical training that
lacked content expertise and training on the screening
process. Although the size of the online community without
medical training is much larger, and therefore would be
much more powerful, it was felt that this smaller crowd
should be evaluated first. Consequently, it is important
that our findings must not be extrapolated to individuals
with little medical or scientific training until those studies
have been completed. The validity of this approach in a
wider variety of methodologies and fields remains to be
assessed. Even with further validation in other setting, some
investigators may dismiss the innovation over concern that
characteristics and complexity related to their review will
make the approach invalid. Consequently, crowdsourcing
software should be designed to evaluate individual reviewer
performance before and throughout study participation.

Due to the large and increasing body of published
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literature, investigators are struggling to publish
comprehensive up-to-date systematic reviews (2).
Crowdsourcing has the potential to lead to faster and more
complete knowledge synthesis efforts by simultaneously
allowing for the use of broader search terms, increasing
the speed of citation screening, and freeing up investigative
team time to focus on other aspects of the project. In
comparison, our study provides initial proof of concept
and additional larger scale studies should be performed to
confirm or refute these promising results. Future directions
include assessing the validity of crowdsourcing in a variety
of medical and scientific fields, the capacity of different
crowds (healthcare professionals, undergraduate students,
hospital volunteers), an evaluation of how individual
education and experience influences accuracy, and
exploration of the educational benefits of crowdsourcing.
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Supplementary

Appendix S1 MEDLINE search strategy

. exp Vitamin d/

. (vitamin adj (d or d2 or d3)).tw.

. Calcifediol/

. calcidiol.tw.

. Ergocalciferols/

. Ergocalciferol$.tw.

. Cholecalciferol/

. Cholecalciferol$.tw.

. calciferol.tw.

10. Vitamin D Deficiency/dh, dt

11. or/1-10

12. (25-hydroxyvitamin D or 25-hydroxy vitamin d or
Plasma vitamin D).tw.

13. 64719-49-9.rn.

14. 250HD3.tw.

15. “25(OH)D3”.tw.

16.25-OHD3.tw.

17.“25-(OH)D3”.tw.

18. 250HD.tw.

19. “25(OH)D”.tw.

20. 25-OHD.tw.

21. “25-(OH)D”.tw.

22. (25-hydroxycholecalciferol or 25-hydroxyergocalciferol).
tw.

23. Calcium/bl, ur

24. plasma calcidiol.tw.

25. (Urine calcium or (calcium adj3 ratio)).tw.
26. or/12-25

27. exp Vitamin D Deficiency/ not Vitamin D Deficiency/
dh, dt

28. (avitaminosis and (d or d2 or d3)).tw.
29. Vitamin D/to

30. No-Observed-Adverse-Effect Level/
31. upper limit$.tw.

32. UL.tw.

33. (excess$ or toxic$).tw.

34. (noael or noel).tw.

35. (no observed adj2 effect$).tw.

36. Calcification, Physiologic/de

37. Hypercalcemia/

38. Kidney Calculi/

39. Nephrocalcinosis/

40. Urinary Calculi/

41. Bladder Calculi/

42. Ureteral Calculi/

43. Calcinosis/

O 0 NI O W R W N =

44. Hypercalcemi$.tw.

45. (Burnett$ adj2 syndrome$).tw.

46. Hypercalciuri$.tw.

47. exp Vitamin d/ae or Calcifediol/ae or Ergocalciferols/ae
or Cholecalciferol/ae

48. (Side effect* or adverse effect$).tw.

49. or/27-48

50. 11 and (26 or 49)

51. ((randomized controlled trial or controlled clinical trial).
pt. or randomized.ab. or placebo.ab. or clinical trials as
topic.sh. or randomly.ab. or trial.ti.) not (exp animals/ not
humans.sh.)

52. (Single arm or pilot or cross-over or n-of-1).tw.

53. Double-blind Method/ or Single-blind Method/

54. (clin$ adj25 trial$).ti,ab.

55. ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or
mask$)).ti,ab.

56. Placebos/

57.50 and (or/51-56)

58. limit 50 to clinical trial, all

59. or/57-58

60. ((single adj2 dose) or bolus or stoss* or single day or
mega®).tw.

61. Dose-Response Relationship, Drug/

62.60 or 61

63. 11 and 62

64. 59 or 63

65. 64 and (child* or adolescent or infan*).mp.

66. 64 and ((Infan* or newborn* or new-born* or perinat* or
neonat* or baby or baby* or babies or toddler* or minors or
minors* or boy or boys or boyfriend or boyhood or girl* or
kid or kids or child or child* or children* or schoolchild* or
schoolchild).mp. or school child.ti,ab. or school child*.ti,ab.
or (adolescen* or juvenil* or youth* or teen* or under*age*
or pubescen*).mp. or exp pediatrics/ or (pediatric* or
paediatric* or peadiatric*).mp. or school.ti,ab. or school*.
ti,ab. or (prematur® or preterm*).mp.)

67. limit 66 to (“in data review” or in process or “pubmed
not medline”)

68. 65 or 67
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Table S1 PRISMA 2009 checklist

Section/topic ltem# Checklist item S:gg:ed on
Title
Title 1 Identify the report as a systematic review, meta-analysis, or both 18
Abstract
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study 18-19
appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number
Introduction
Rationale Describe the rationale for the review in the context of what is already known 19
Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS) 19
Methods
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., web address), and, if available, provide registration information including 19
registration number
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as Table S2
criteria for eligibility, giving rationale
Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date 19-20
last searched
Search Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated Appendix S1
Study selection State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis) 20
Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from 20
investigators
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made Table 1
Risk of bias in individual 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and 20
studies how this information is to be used in any data synthesis
Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means) Table S4
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I’) for each meta-analysis 20-23
Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies) Table 1
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified 21,23
Results
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram Figure 1
Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations Table 1
Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12) Table 1
Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (l) simple summary data for each intervention group; (ll) effect estimates and Table 1
confidence intervals, ideally with a forest plot
Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency N/A
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see item 15) Table S4
Additional analysis 23 Give results of additional analyses, if done [e.g., sensitivity or subgroup analyses, meta-regression (see item 16)] N/A
Discussion
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, 23-25
users, and policy makers)
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias) 24
Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research 24-25
Funding
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review 25

From: Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6:e1000097. #, number; N/A, not available.



Table S2 Screening criteria

Level Screening criteria

Level 1 The citation is not a review article (or case report)
The study is on humans and children are included
The study administers at least one dose of vitamin D (cholecalciferol, ergocalciferol) to the patient
The citation does not represent a conference abstract
Level 2 At least one study arm (group) includes children
At least one dose of vitamin D (ergocalciferol and/or cholecalciferol) was administered
Vitamin D was administered at one or more doses determined by the investigators
The citation is in English, French, German or Spanish

Level 3 One or more study arms provide vitamin D supplementation at a dose that r exceeds the IOM age specific Recommended
Dietary Allowance (RDA) or Adequate Intake (Al)

If the study included adults, the information for pediatrics population is presented separately

Vitamin D was not administered mixed with food and in uncontrolled volume

Table S3 Citations disposition based on crowd’s assessment

Retain Exclude Unclear Citation disposition

Retain

Retain

Retain

Citation reviewed by investigative team
Citation reviewed by investigative team
Citation reviewed by investigative team
Citation reviewed by investigative team
Citation reviewed by investigative team
Citation reviewed by investigative team
Citation reviewed by investigative team
Citation reviewed by investigative team
Citation reviewed by investigative team
Exclude

Exclude

O O =4 O O O = = =<4 N DM N Ww w >
A W W O 4 MO 2+ MO 2NN O =2 0o
o =+ O & WO DN WO N =+ M - O =+ O O

Exclude




Citations

Populations

Study arms

Study design, regimen typerm type

Citations with one or
more eligible arms
N=20

Y

Table S4 Assessment of study design, populations, supplementation
and methodological quality

4" Duplicates =3

Original trials
N=17

Y

Populations evaluated
N=19

Study arms
N=39

Ineligible arms: N=11
e No vitamin D or placebo =10

Y

High dose study arms

e Vitamin D < RDA =1

N=28
Single arm Controlled trial
Daily - 18
Weekly - 2
Single/intermittent loading 4 4

Figure S1 Flow of study arms.

Study characteristics n %
Study design'
RCT/qRCT 13 76
Single arm 3 18
Controlled, other 1 6

Randomized trial quality™

Low risk 11 65
Medium risk/unclear 3 18
High risk 3 18
Age groups?®
Neonates 4 22
Infants 4 22
Toddlers 6 33
Schoolers 16 89
Adolescents 15 83
Population®
Healthy/subclinical VDD 8 42
Classical diseases 3 16
Non-classical diseases 8 42

Dosing regimen'

Constant 18 64

Variable 10 36
Dosing groups'

RDA/AI-999 3 11

1,000-3,999 5 18

4,000-39,999 1 39

=40,000 9 32
Frequency'

Daily 18 64

Intermittent/single dose 8 29

Weekly/biweekly 2 7

(9)RCT, (Quasi) randomized controlled trial. T, values represent
the number of trials, and the percentage out of the 17 identified
trials; ¥, studies were assessed using Cochrane risk of bias tool
(Higgins & Green, 2008); §, numbers of populations out of 19.
For age, numbers will add up to more than 19 populations as
some included children from two or more groups; ", number of
high-dose vitamin D arms out of 28 identified in eligible studies.



Table S5 Sensitivity and work saved by the crowd at each screening

Table S6 Comparison of three different approaches for study

level disposition based on crowd’s assessments
- o ;
Measure Estimated value (n, 95% ClI) Approach Crowd’s Sensitivity  Work saved'
Sensitivity 100% (20/20, 95% Cl: 88-100%) assessments
Specificity 99% (127/128, 95% Cl: 96-100%) Low-risk Exclude =4, retain  100% (20/20) 66% (152/232)
>3, PI for other
Work saved combinations
Level 1 84% (124/148, 95% CI: 77-89%) Medium-risk Exclude =3, retain  100% (20/20) 73% (170/232)
Level 2 71% (35/49, 95% CI: 58-83%) >3, PI for other
Level 3 31% (11/35, 95% Cl: 18-48%) combinations
Total 73% (170/232, 95% Cl: 67-79%) High-risk Retain =3, exclude 85% (17/20) 92% (214/232)

the rest

T, potential work saved to the investigative team, calculated as
the percentage of trials that were excluded at any level as well
as those that were retained through the first two levels without
input from PI.



