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Protocol

AbstrACt
Introduction The aim of the QUIDS study is to develop 
a decision support tool for the management of women 
with symptoms and signs of preterm labour, based on 
a validated prognostic model using quantitative fetal 
fibronectin (qfFN) concentration, in combination with 
clinical risk factors.
Methods and analysis The study will evaluate the Rapid 
fFN 10Q System (Hologic, Marlborough, Massachusetts) 
which quantifies fFN in a vaginal swab. In part 1 of the 
study, we will develop and internally validate a prognostic 
model using an individual participant data (IPD) meta-
analysis of existing studies containing women with 
symptoms of preterm labour alongside fFN measurements 
and pregnancy outcome. An economic analysis will be 
undertaken to assess potential cost-effectiveness of the 
qfFN prognostic model. The primary endpoint will be the 
ability of the prognostic model to rule out spontaneous 
preterm birth within 7 days. Six eligible studies were 
identified by systematic review of the literature and five 
agreed to provide their IPD (n=5 studies, 1783 women and 
139 events of preterm delivery within 7 days of testing).
Ethics and dissemination The study is funded by 
the National Institute of Healthcare Research Health 
Technology Assessment (HTA 14/32/01). It has been 
approved by the West of Scotland Research Ethics 
Committee (16/WS/0068).
PrOsPErO registration number CRD42015027590.
Version Protocol version 2, date 1 November 2016.

IntrOduCtIOn 
The overall aim of the QUIDS study is to 
develop a decision support tool for the 
management of women with symptoms and 
signs of preterm labour, based on a validated 
prognostic model using quantitative fetal 
fibronectin (qfFN) testing. The study has 
been conceptually divided into two parts. 

In this, the protocol for QUIDS part 1, we 
detail the protocol for development and 
internal validation of the prognostic model. 
In the protocol for QUIDS part 2, we detail 
the protocol for the prospective cohort for 
external validation of the prognostic model 
and acceptability testing.1 

Preterm delivery (before 37 weeks) occurs in 
7.1% of pregnancies in the UK (>50 000 deliv-
eries per annum), with the majority the result 
of preterm labour.2 3 It remains the leading 
cause of neonatal morbidity and mortality, 
but timely interventions, such as antenatal 
steroids to promote lung maturity, magnesium 
sulfate for neuroprotection and delivery in a 
unit with appropriate neonatal care facilities, 
can improve neonatal outcome. Establishing 
a diagnosis of preterm labour is, however, 
difficult. Clinical signs are non-specific and 
false-positive diagnoses are common, with up 
to 80% of women with signs and symptoms 
of preterm labour remaining pregnant after 
7 days.4 5 Such diagnostic uncertainty means 
a large proportion of women with symptoms 
of preterm labour are treated unnecessarily 
to ensure benefits to the small proportion of 
babies that do actually deliver preterm.

strengths and limitations of this study

 ► Development of prognostic model and for validation 
in a separate prospective cohort study.

 ► Health economic analysis to determine cost-effec-
tiveness from National Health Service perspective.

 ► Not a randomised control trial to test effectiveness 
of the model on improved patient outcomes.
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It is understandable that both clinicians and pregnant 
women may prefer a ‘treat-all’ approach in women with 
symptoms of preterm labour, particularly in a setting 
remote from an appropriate neonatal unit; and in order 
to ensure steroid prophylaxis in case preterm delivery 
occurs. However, unnecessary interventions result in both 
a substantial economic burden to health services and in 
potential adverse maternal and neonatal events. Hospital 
admission and interhospital transfer have considerable 
cost implications and can be associated with enormous 
problems for women and their families due to physical 
separation and emotional stress.6 7 Neonatal cots become 
‘blocked’ in order to accept a preterm baby just in case 
delivery occurs; negatively impacting the efficiency of 
already stretched neonatal units and networks. This 
frequently has knock-on effects to other women and 
babies, who may need transfer to another unit due to 
lack of cot availability despite an empty, but ‘blocked’, 
cot. It also may increase the number of ex utero trans-
fers, which are associated with poorer outcomes than in 
utero transfers.8 If preterm labour has been wrongly diag-
nosed, and delivery does not occur, steroids may also have 
adverse long-term consequences for the baby, especially if 
multiple courses are given.9 Tocolytic therapy, even when 
appropriate, can have serious side effects for both mother 
and baby.10 Lastly, uncertainty of outcome may contribute 
to the high anxiety scores seen in women with threatened 
preterm labour and their partners.11

Diagnostic tests for preterm labour are available and 
used in many units in the UK. fFN (Hologic, Marlbor-
ough, Massachusetts, USA) is a biochemical marker 
of preterm labour that can be measured in samples of 
cervicovaginal secretions collected at a speculum exam-
ination. It has potential to help improve diagnosis of 
impending preterm delivery.12 Other biochemical tests 
available include Actim Partus (Medixbiochemica, 
Espoo, Finland), which measures phosphorylated insu-
lin-like growth factor binding protein-1, and PartoSure 
(Parsagen Diagnostics, Boston, Massachusetts, USA), 
which measures placental alpha microglobulin-1. An 
alternative approach (which can be combined with fFN) 
is to measure the cervical length using transvaginal ultra-
sound, as the longer the cervix is, the less likely a preterm 
delivery.12

As part of a National Institute of Healthcare Research 
Health Technology Assessment (NIHR HTA) report, 
Honest et al found that a qualitative fFN test (giving a 
positive or negative result based on a single threshold 
of 50 ng/mL) was potentially useful in the prediction 
of preterm delivery <34 weeks gestation, with its main 
benefit relating to its high negative predictive value, that 
is, its ability to rule out impending delivery.12 A more 
recent HTA-funded review found that qualitative fFN 
testing has moderate accuracy for predicting preterm 
birth with overall sensitivity and specificity estimates of 
76.7% and 82.7% for delivery within 7–10 days.13 These 
estimates suggest that qualitative testing on its own would 
not have the sensitivity to rule out preterm delivery 

adequately, although in systematic review of clinical trials, 
no increase in neonatal morbidity or mortality was seen in 
association with false-negative fFN results.13 The authors 
concluded that this observation is likely to relate to the 
multifactorial nature of assessment of the risk of preterm 
delivery, where, in practice, fFN is just one component of 
the clinical assessment on which management decisions 
are based.13

Both HTA reviews described above examined the perfor-
mance of a qualitative fFN test, which provided a positive 
or negative result on the basis of a single threshold of 
50 ng/mL. Recently, this test has been replaced in the UK 
with the Rapid fFN 10Q System, which provides a concen-
tration of fFN within 10 min, and thus may be a more 
useful predictor of preterm delivery (qfFN). We surveyed 
current practice in UK maternity units (response rate 66% 
(137/207); March–July 2014).14 135/137 units (98.5%) 
use some sort of diagnostic test of preterm labour. The 
most common test is fFN (84/137 units; 61.3%). fFN is 
now only available with a quantitative analyser in the UK, 
but there is no consensus as to which women to use the 
test in, or how to interpret the results. Developing and 
evaluating a decision support for qfFN is thus likely to 
improve decision-making, even if qfFN is already available 
in clinical practice. Evidence about the potential value of 
the new qfFN is required, along with guidance about how 
to interpret results. The QUIDS study will address this 
evidence gap.

MEthOds And AnAlysIs
Aims and methodologies
The aim of the QUIDS study is to develop a decision 
support tool for the management of women with symp-
toms and signs of preterm labour, based on a validated 
prognostic model using qfFN testing.

The study protocol has been divided into two parts (see 
flow chart in figure 1). The protocols for parts 1 and 2 are 
reported in separate manuscripts.

Part 1: Development and internal validation of prognostic model 
(1) Individual participant data (IPD) meta-analysis to 
develop a prognostic model using qfFN and other risk 
(prognostic) factors and to evaluate the added value 
of qfFN towards this prognostic model performance. A 
prognostic model will be developed and internally vali-
dated15 16 based on a meta-analysis of IPD from existing 
prospective cohort studies where qfFN results and 
pregnancy outcome details are available. The primary 
outcome will be delivery within 7 days, although other 
endpoints will be included if recommended by focus 
groups. 

(2)Economic analysis: To provide an economic ratio-
nale for the prognostic model and analyse its cost-ef-
fectiveness from the perspective of the National Health 
Service (NHS) to provide an economic rationale for the 
prognostic model and the risk factors included in it.
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Part 2: Validation and refinement of prognostic model
Part 2 involves a prospective cohort study and accept-
ability testing, with external validation (and, if necessary, 
refinement) of the prognostic model, and update of 
health economic model.1

Endpoints
The primary endpoint is spontaneous preterm delivery 
within 7 days of qfFN test, in women tested at less than 
36 weeks gestation. This is both an important endpoint 
for women and caregivers (determined in QUIDS Qual-
itative study—a preceding qualitative study to identify 
the decisional needs of women, their partners and clini-
cians; online supplementary material) as well as a clin-
ically important endpoint. Antenatal steroids (which 

significantly reduce morbidity and mortality in preterm 
babies17) are most effective if delivery occurs within 7 days 
of administration. As repeated doses of antenatal steroids 
may be harmful, it is crucial to ensure steroids are timed 
correctly.

A secondary endpoint suggested by the preceding 
QUIDS Qualitative study consultation (online supple-
mentary material) was delivery within 48 hours of qfFN 
test. This analysis will be performed if feasible to do so 
within the constraints of the data available for model 
development.

health technologies being assessed
The study will evaluate the Rapid fFN 10Q System 
(Hologic), which provides a concentration of fFN (ng/

Figure 1 Flow chart illustrating the design of QUIDS study and conceptual division into part 1 and part 2.1 qfFN, quantitative 
fetal fibronectin.
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mL or invalid) in a vaginal swab sample. Further details 
about the system and recommended sampling technique 
are provided in the QUIDS Protocol part 2.1

target population
The target population is pregnant women attending 
hospital with signs and symptoms of preterm labour.

how patients are involved in this study
Patient representatives were consulted during the 
protocol development and have been invited to join the 
project management group (PMG) and the trial steering 
committee (TSC). Prior to commencing QUIDS, we 
performed a qualitative study to determine the decisional 
needs of pregnant women with signs and symptoms of 
preterm labour, their partners and their caregivers. This 
is described in the separate protocol ‘QUIDS Qualitative’ 
(online supplementary material). The end product of 
QUIDS will be a decision support aid to help clinicians, 
women and their partners decide on management of 
threatened preterm labour, based on the results of the 
qfFN. In QUIDS Qualitative women and clinicians indi-
cated that they would prefer this to be on web-based or 
mobile app-based format, presenting the risk of preterm 
birth within 7 days of testing.

development of prognostic model
IPD meta-analysis
The proposed IPD meta-analysis was registered on Inter-
national Prospective Register of Systematic Reviews 
(CRD42015027590). Our IPD meta-analytical approach 
will follow existing guidelines, and our output will comply 
with TRIPOD (Transparent Reporting of a multivariable 
prediction model for Individual Prognosis or Diagnosis) 
statement.18

Inclusion criteria
We prespecified inclusion of prospective cohort studies 
or randomised controlled trials of women with signs and 
symptom of preterm labour (as defined by investigators) 
that include qfFN results determined by Rapid fFN 10Q 
System and pregnancy outcome data; and the principal 
investigator (PI) of which has agreed to collaborate and 
provide data.

Exclusion criteria
We will exclude studies where fFN concentration was 
measured by ELISA and studies where IPD is not available 
for meta-analysis.

Search strategy
When applying for funding for this study (April 2014), 
we performed a literature search for completed and 
ongoing cohort studies of qfFN using search terms for 
quantitative fetal/foetal fibronectin and preterm birth, 
including databases (MEDLINE, EMBASE, Cochrane 
Database of Systematic Reviews, Database of Abstracts 
of Reviews of Effects and HTA Database) and clinical 
trial registries (Cochrane Central Register of Controlled 

Trials,  ClinicalTrials. gov), general search engines (such 
as Google: https://www. google. co. uk) and systematic 
reviews. We also consulted preterm birth researchers and 
networks Royal College of Obstetricains and Gynaecolo-
gists Clinical Study Groups (RCOG CSG) British Maternal 
Fetal Medicine Society (BMFMS), Preterm Brith Interna-
tional Collaborative (PREBIC) and the manufacturers of 
qfFN, (Hologic) to help ensure capture of all relevant 
studies.

Study manuscripts and/or protocols were screened by 
two researchers. We identified a total of 10 studies of qfFN 
that were potentially eligible. Four early datasets (in three 
manuscripts) used ELISA to determine the concentration 
of fFN and were excluded as the different method of anal-
ysis and earlier period of study would increase heteroge-
neity.5 19 20 Therefore, six studies fulfilled the eligibility 
criteria (see table 1).

Establishment of the qfFN IPD collaboration
We contacted the PIs of the six eligible studies of qfFN 
and invited them to participate (see table 1). Five of these 
agreed to provide their IPD as evidenced by their involve-
ment as coapplicants on the funding application and/or 
coauthorship of this protocol (BM, van Baaren, AK, AS, 
ALD). The PI of the sixth study (Elovitz) indicated IPD 
may be available after publication of her study.

The five included studies (table 1) are European 
studies of women with symptoms of preterm labour, 
comprising 1783 women and 139 events of preterm 
delivery within 7 days of testing. They are from consul-
tant-led maternity units in the UK (three studies) and 
Europe (two studies). All women in the included trials 
provided informed consent for participation in clin-
ical trials, and for their IPD to be used in subsequent 
analyses.

Study quality assessment and data collection
IPD will be stored in a bespoke database on a secure 
server at the University of Edinburgh. PIs will be asked 
to provide de-identified data, and consider all recorded 
variables (even if not reported publications). We will 
assess study quality according to Quality assessment of 
diagnostic accuracy studies (QUADAS-2),21 Quality in 
Prognostic Studies (QUIPS)22 and Checklist   for critical 
Appraisal and data extraction for systematic Reviews of 
prediction Modelling Studies (CHARMS)23 guidelines.

Sample size considerations
The size of the IPD meta-analysis is limited by the 
number of studies with data available (table 1). In 
model development the number of covariates that can 
be considered is limited by the number of events, with 
guidance suggesting at least 10 events required for each 
covariate.24 25 In our IPD meta-analysis data, we have 139 
events (preterm labour within 7 days of testing) and 
therefore deemed that it was sensible to evaluate qfFN 
and up to 13 other factors (covariates) for potential 
inclusion in our model.
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Data items
The following factors which are thought to influence 
risk of spontaneous preterm birth will be requested and 
considered for inclusion as covariates in the prognostic 
model: qfFN concentration, previous spontaneous 
preterm labour, gestation at fFN test, age, ethnicity, 
body mass index, smoking, deprivation index, number 
of uterine contractions in set time period, cervical dila-
tation, vaginal bleeding, previous cervical treatment 
for cervical intraepithelial neoplasia, cervical length 
(measured by transvaginal cervical length), singleton/
multiple pregnancy, tocolysis and fetal sex. Up to 13 of 
these will be prespecified for inclusion, based on avail-
able data (we will only use variables which are available 
in each study), and ranking for likely clinical relevance 
as agreed by consensus of the project management 
team.

Data cleaning
Prior to analysis data will be checked for outliers and 
missing data will be identified. Descriptive statistics will be 
performed to summarise data. Problems identified will be 
discussed with the PI of the original study, and amended 
as indicated by consensus discussion.

Data analysis and prognostic model development
Multivariable logistic regression modelling will be the 
primary method of analysis. The primary endpoint for the 
prognostic model will be delivery within 7 days. Another 
endpoint found to be important in focus group consul-
tations performed in QUIDS Qualitative (online supple-
mentary material) included delivery within 48 hours, and 
we will use this as a secondary endpoint if feasible (ie, if 
sufficient number of cases with delivery within 48 hours). 
We will develop an initial model with qfFN concentration, 
and then consider a model with other predefined clinical 
predictor variables (see the Data items section).

Tocolysis (which may delay onset of labour, although 
likely not beyond 48 hours) will be included as a categor-
ical variable (administered/not administered). We will 
explore treatment effect by sensitivity analysis with and 
without the assumption that tocolysis could delay delivery 
within 48 hours by a maximum OR of 5.39, 95% CI 2.14 to 
12.34, based on data in Haas et al.26

As the outcome is binary, a logistic regression model-
ling framework will be used to develop the model. A 
multilevel structure will be used to account for clustering 
of patients within studies, and heterogeneity of the effects 
of included factors (hereafter called ‘predictors’) will be 

Table 1 Details of studies contributing data to IPD meta-analysis

PI Setting N Events Dates Inclusion Primary outcome

Studies with data available

  EQUIPP30 31 Professor AS 5 UK 
centres

452 14 2010–2012 22–35 weeks with 
symptoms of preterm 
labour

Delivery <34 weeks 
gestation

  EUFIS*32 Professor BM 10 
European 
hospitals

452 48 2012–2014 24–34 weeks with 
preterm contractions 
and intact membranes

Delivery within 
7 days of test

  APOSTEL I*33 van Baaren 10 Dutch 
hospitals

528 70 2009–2012 24–34 weeks with 
preterm contractions 
and intact membranes

Days to delivery 
truncated at 7 days

  QFCAPS
  (unpublished)

Dr AK London 
teaching 
hospital

86 2 2012–2014 24–34 weeks with 
symptoms of preterm 
labour
Singletons only

Delivery within 
7 days of test

  UCLH/Whit
  (unpublished)

Dr ALD 2 UK 
centres

262 5 2009–2010 22–35 weeks with 
symptoms of preterm 
labour

Delivery within 
7 days of test

Total 5 studies 1783 139

Studies where data may be available in future

  STOP study
  (https://clinicaltrials.

gov/ct2/show/
NCT01868308)

Professor M 
Elovitz

USA 
teaching 
hospital

700 NK 2011–2015 22–34 weeks 
Symptomatic women 
with singleton 
pregnancy

Delivery before 
37 weeks

*Study unpublished at time of search in April 2014; manuscript now published.
APOSTEL 1, Alleviation of Pregnancy Outcome by Suspending of Tocolysis in Early Labour; EQUIPP, Evaluation of Fetal Fibronectin with a 
novel bedside Quantitative  Instrument for the Prediction of Preterm birth; EUFIS, European Fibronectin Study; IPD, individual participant 
data; NK, not known; PI, principal investigator; QFCAPS, Quantitative fetalfibronectin, Cervical length and ActimPartus for the prediction of 
Preterm birth in Symptomatic women; STOP, Screening to Obviate Preterm Birth; UCLH/WHIT, Univesity College London Hospital/Whittington 
Hospital Study. 
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accounted for using random effects, with between-study 
heterogeneity quantified using the estimated variance 
(τ2) and the I2 statistic. A separate intercept term per 
study will be included in the model, to account for the 
clustering and also gauge how predictions may require 
tailoring to different populations. Predictors with large 
heterogeneity in the prognostic effect across studies may 
be removed to ensure summary beta terms in the model 
are meaningful (accurate) for individual populations.16

In the primary analysis, we will use data from the first 
recorded attendance with signs and symptoms of preterm 
labour to determine the relationship between that indi-
vidual episode and outcome. Data from subsequent atten-
dances will be analysed subsequently, and may be included 
in an appropriate model. As a parsimonious model is 
sought, to reduce the factors included in the model that 
may otherwise delay its use, we will use backward stepwise 
selection based on an information criterion (eg, Akaike’s 
information criterion p<0.15) to identify a parsimonious set 
of factors to be included in the model; hereafter these are 
referred to as included ‘predictors’. Further, an approach 
of adding specialist tests, such as cervical length, only after 
considering simpler clinical assessment will be used, to 
maximise the utility of the model by ensuring that extra 
tests with their additional costs are only be included if they 
add to the predictive power.

Linearity between continuous variables and outcome will 
be assessed using cubic spline plots and data will be trans-
formed where appropriate before inclusion in multivari-
able analysis (eg, using fractional polynomial methods). 
Missing data will be assessed to determine whether missing 
at random is appropriate, and if so, multiple imputation 
of observed participant characteristics will be used, with 
missing data imputed within each original study separately, 
before the meta-analysis. The results of these analyses will 
be compared with a complete case analysis.

Assessing apparent model performance
The apparent performance of the model will be assessed 
by its overall fit, and the observed discrimination and cali-
bration in the IPD used to develop the model. Overall, 
fit of the models will be expressed with Nagelkerke R2. 
The ability of the models to discriminate between women 
with and without spontaneous preterm birth will be 
determined by the area under the receiver operating 
characteristics (AUC) curve, also known as the C statistic. 
Agreement between predicted and observed proportions 
of women with spontaneous preterm birth will be visual-
ised using a calibration plot, and measured using calibra-
tion slope and calibration in the large.

Internal validation: assessing optimism in model performance
Apparent performance is likely to be optimistic, as it is 
examined in the same data used for model development. 
Therefore, internal validation will also be undertaken 
using a non-parametric bootstrap resampling technique 
in which each modelling step is repeated in each bootstrap 
sample, to obtain a new model in each bootstrap sample, 

and then its apparent performance (AUC and calibra-
tion slope) in the bootstrap sample is compared with 
its performance in the original dataset. The ‘optimism’ 
is the mean difference (across all bootstrap samples) 
between the apparent value in the bootstrap sample and 
the observed value in the original dataset. This optimism 
estimate is then subtracted from the original model’s 
apparent performance, to give an optimism-adjusted esti-
mate of each measure of performance for the original 
model (eg, R2, C statistic, calibration slope).

Production of final model from IPD meta-analysis via uniform 
shrinkage
The optimism-adjusted calibration slope will be used as 
a uniform shrinkage factor, to adjust the parameter esti-
mates (log ORs) of the original model. The beta coef-
ficients in the original model will be multiplied by the 
shrinkage factor, and the study intercept terms re-esti-
mated to ensure perfect overall calibration is maintained 
(across all studies and, ideally, in each study separately). 
This will thereby produce a final model containing the 
updated intercepts and the shrunken beta coefficients.27 
With multiple intercepts, a strategy (or strategies) will be 
developed among the study investigators for which inter-
cept should be chosen for use when externally validating 
the model in a new population (eg, choose intercept from 
study that most closely resembles the population of appli-
cation); each strategy will be evaluated and compared in 
the cohort study external validation phase.

Added value of qfFN
The added value of qfFN will be examined throughout 
the whole model process, in particular its improvement 
on discrimination, calibration and other meaningful 
factors (such as clinical decisions) using appropriate 
techniques (such as net reclassification improvement and 
decision analysis methods).

Subgroup analyses
Subgroup analysis will be performed for multiple preg-
nancy, women with a previous preterm labour, gestation 
and those with criteria that are suggested to indicate 
preterm labour (number of uterine contractions in a set 
time period and/or cervical change). This will allow us 
to do a subgroup analysis in which we assess whether the 
predictive capacity of qfFN is similar in all subgroups.

Health economic analysis
An early-stage decision-analytical model will be built 
using evidence from current literature and from the IPD 
meta-analysis to explore the potential cost-effectiveness of 
different prognostic models including qfFN.

A literature review will be undertaken to inform model 
design and identify additional model parameters with 
searches of MEDLINE, EMBASE, Cochrane Library 
and the Paediatric Economic Database Evaluation for 
economic analyses including the use of fFN testing in 
woman with threatened preterm labour. Any evidence on 
resource use (test administration, treatments for preterm 
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labour, hospital stay, hospital transfers), quality of life 
and diagnostic outcome data from the IPD meta-anal-
ysis will be synthesised with the wider evidence based on 
current practice for women attending hospital with signs 
and symptoms of preterm labour. The economic analysis 
will be undertaken from the perspective of the UK NHS 
adhering to good practice guidelines and the National 
Institute for Health and Care Excellence reference case.28 
A decision tree will be developed to model the clinical 
pathway. The model will be used to explore potential 
cost-effectiveness of the prognostic model at different 
thresholds on the receiver operator characteristic curve, 
providing an economic rationale for the chosen prog-
nostic model.

EthICs And dIssEMInAtIOn
trial management and oversight arrangements
Project management group
The trial will be coordinated by a PMG, consisting of the 
grant holders (chief investigator and coapplicants), the 
trial manager, representatives from the Study Office and 
the Centre for Healthcare Randomised Trials (CHaRT-the 
supporting Clinical Trials Unit), plus service user repre-
sentatives (from the patient advisory group). The PMG 
will meet approximately every 4 months by teleconfer-
ence or face to face.

TSC and data monitoring committee
A combined TSC and data monitoring committee (DMC) 
will oversee the conduct and progress of the study. The 
terms of reference of the committee will be developed 
separately. Members of the TSC/DMC will consist of 
experts and two patient representatives.

Good clinical practice
The study will be conducted in accordance with the princi-
ples of Good clinical practice. Local research and develop-
ment approval will be obtained prior to commencement 
of the study at each site.

dissemination
On completion of the study, the study data will be 
analysed and tabulated, and a clinical study report 
will be prepared. Results will be communicated to 
the academic community via the scientific literature, 
attendance at conferences and invited presentations. 
TRIPOD reporting guidelines will be adhered to.18 
Summaries of results will also be made available to inves-
tigators for dissemination within clinics. Social media 
will be used to signpost publications and conference 
presentations and highlight important findings. Twitter 
and Facebook will be used to disseminate findings to 
professional organisations, charities, stakeholders and 
the public. Communication to the general public will 
further be facilitated by our close links with charities 
such as Tommy’s.29

Peer review
The study was extensively peer reviewed as part of the 
process of gaining grant funding from the National Insti-
tute of Healthcare Research (NIHR) HTA (14/32/01).

Author affiliations
1Tommy's Centre for Maternal and Fetal Health, University of Edinburgh MRC 
Centre for Reproductive Health, Queen’s Medical Research Institute, Edinburgh, 
UK
2School of Women’s and Infants’ Health, University of Western Australia, Crawley, 
Western Australia, Australia
3Health Economics & Health Technology Assessment, Institute of Health & 
Wellbeing, University of Glasgow, Glasgow, UK
4School of Clinical and Experimental Medicine, University of Birmingham, 
Birmingham, UK
5Neonatal Unit, Queen's Medical Centre, Nottingham, UK
6Neonatal Unit, Royal Hospital for Children Glasgow, Glasgow, UK
7Imperial College Healthcare NHS Trust, Queen Charlotte's and Chelsea Hospital, 
London, UK
8Institute for Women's Health, University College London Medical School, London, 
UK
9St. George's Medical School, University of London, London, UK
10Maternal and Fetal Research Unit, King's College London, London, UK
11Centre for Global Women's Health, School of Nursing, Midwifery and Social Work, 
University of Manchester, Manchester, UK
12Centre for Primary Care and Public Health, Queen Mary University of London, 
London, UK
13N/A, Patient and Public Involvement Representative, London, UK
14Department of Obstetrics and Gynaecology, Monash University, Melbourne, 
Victoria, Australia
15Research Institute for Primary Care and Health Sciences, Keele University, Keele, 
UK
16Edinburgh Clinical Trials Unit, University of Edinburgh, Edinburgh, UK

Contributors SJS, KAB, RKM, JD, LJ, MC, ALD, AK, AS, VH-M, TL, KK, SH-C, BM, 
RDR, JN and JEN developed the protocol. SJS, LMW, RDR, KAB, TL and JN drafted 
the protocol. RKM, JD, LJ, MC, ALD, AK, AS, VHM, KK, SH-C, BM and JEN reviewed 
and commented on the protocol.

Funding This project was funded by the National Institute of Healthcare Research 
Health Technology and Assessment (reference 14/32/01).

disclaimer The views expressed are those of the authors and not necessarily 
those of the NHS, the NIHR or the Department of Health.

Competing interests SJS and JEN work at the University of Edinburgh, who 
received £1000 sponsorship from Hologic to support a meeting (Scientific 
Symposium Targeting Inflammation to Improve Reproductive Health across the 
Lifecourse (August 2017) in collaboration with The Society for Reproductive 
Investigation and MRC Centre for Reproductive Health). AS has in the past (over last 
5 years; not in the last 3 years) received funding for expenses related to advisory 
board and internal staff education from Hologic. MC received sponsorship from 
Hologic to organise an educational teaching focusing on prediction of preterm birth 
at the 2017 annual meeting of the British Maternal and Fetal Medicine Society. 
Hologic, the makers of fFN, provided analysers and technical support for their use 
to sites participating in the QUIDS prospective cohort study. They have no access to 
the data, or other involvement in the conduct, analysis, interpretation or decision to 
publish the results of the study. 

Patient consent Not required.

Ethics approval A favourable ethical opinion has been obtained from the West of 
Scotland Research Ethics Committee (reference 16/WS/0068). 

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

group.bmj.com on April 12, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com/
http://group.bmj.com


8 Stock SJ, et al. BMJ Open 2018;8:e020796. doi:10.1136/bmjopen-2017-020796

Open Access 

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

rEFErEnCEs
 1. Stock SJ, Wotherspoon L, Boyd K, et al. Study protocol: quantitative 

fibronectin to help decision-making in women with symptoms of 
preterm labour (QUIDS) part two- prospective cohort study. BMJ 
Open 2018. doi: 10.1136/bmjopen-2017-020795 [Epub ahead of 
print].

 2. Office for National Statistics. ONS gestation-specific infant mortality 
in England and Wales 2011. 2013 https://www. ons.gov.uk/peo 
plepopulat iona ndco mmun ity/ heal than dsoc ialc are/ caus es of d eat  h/b u 
ll etin s/ p regn ancy andethni cfactorsinfluencingbirthsandi nfantmortality/ 
2013- 10- 10 (accessed 23 Nov 2017).

 3. Information Services Division. “Births in scottish hospitals 2012”. 
Edinburgh national services Scotland. 2013 http://www. isdscotland. 
org/ Health- Topics/ Maternity- and- Births/ Publications/ 2013- 08- 27/ 
2013- 08- 27- Births- Report. pdf? 34511965514 (accessed 23 Nov 
2017).

 4. Kenyon SL, Taylor DJ, Tarnow-Mordi W, et al. Broad-spectrum 
antibiotics for spontaneous preterm labour: the ORACLE 
II randomised trial. ORACLE Collaborative Group. Lancet 
2001;357:989–94.

 5. Peaceman AM, Andrews WW, Thorp JM, et al. Fetal fibronectin as a 
predictor of preterm birth in patients with symptoms: a multicenter 
trial. Am J Obstet Gynecol 1997;177:13–18.

 6. Macintyre-Beon C, Skeoch C, Jackson L, et al. Scottish perinatal 
collaborative transport study. Scotland: NHS Quality Improvment, 
2008.

 7. Wilson A, MacLean D, Skeoch C, et al. An evaluation of the financial 
and emotional impact of in utero transfers upon families: a Scotland-
wide audit. Infant 2010;6:38–40.

 8. Marlow N, Bennett C, Draper ES, et al. Perinatal outcomes for 
extremely preterm babies in relation to place of birth in England: the 
EPICure 2 study. Arch Dis Child Fetal Neonatal Ed 2014;99:F181–8.

 9. Asztalos EV, Murphy KE, Willan AR, et al. Multiple courses of 
antenatal corticosteroids for preterm birth study: outcomes in 
children at 5 years of age (MACS-5). JAMA Pediatr 2013;167:1102-
10.

 10. de Heus R, Mol BW, Erwich JJ, et al. Adverse drug reactions to 
tocolytic treatment for preterm labour: prospective cohort study. BMJ 
2009;338:b744.

 11. Yee WH, Sauve R. What information do parents want from the 
antenatal consultation? Paediatr Child Health 2007;12:191–6.

 12. Honest H, Forbes CA, Durée KH, et al. Screening to prevent 
spontaneous preterm birth: systematic reviews of accuracy and 
effectiveness literature with economic modelling. Health Technol 
Assess 2009;13:1–627.

 13. Deshpande SN, van Asselt AD, Tomini F, et al. Rapid fetal fibronectin 
testing to predict preterm birth in women with symptoms of 
premature labour: a systematic review and cost analysis. Health 
Technol Assess 2013;17:1–138.

 14. Stock SJ, Morris RK, Chandiramani M, et al. Variation in 
management of women with threatened preterm labour. Arch Dis 
Child Fetal Neonatal Ed 2015;100:F276.2–F276.

 15. Debray TP, Riley RD, Rovers MM, et al. Individual participant data 
(IPD) meta-analyses of diagnostic and prognostic modeling studies: 
guidance on their use. PLoS Med 2015;12:e1001886.

 16. Debray TP, Moons KG, Ahmed I, et al. A framework for developing, 
implementing, and evaluating clinical prediction models in an 
individual participant data meta-analysis. Stat Med 2013;32:3158–80.

 17. Roberts D, Brown J, Medley N, et al. Antenatal corticosteroids for 
accelerating fetal lung maturation for women at risk of preterm birth. 
Cochrane Database Syst Rev 2017;3:CD004454.

 18. Collins GS, Reitsma JB, Altman DG, et al. Transparent reporting of a 
multivariable prediction model for individual prognosis or diagnosis 
(TRIPOD): the TRIPOD statement. BMJ 2015;350:g7594.

 19. Lu GC, Goldenberg RL, Cliver SP, et al. Vaginal fetal fibronectin levels 
and spontaneous preterm birth in symptomatic women. Obstet 
Gynecol 2001;97:225–8.

 20. Gomez R, Romero R, Medina L, et al. Cervicovaginal fibronectin 
improves the prediction of preterm delivery based on sonographic 
cervical length in patients with preterm uterine contractions and 
intact membranes. Am J Obstet Gynecol 2005;192:350–9.

 21. Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised 
tool for the quality assessment of diagnostic accuracy studies. Ann 
Intern Med 2011;155:529–36.

 22. Hayden JA, van der Windt DA, Cartwright JL, et al. Assessing bias in 
studies of prognostic factors. Ann Intern Med 2013;158:280–6.

 23. Moons KG, de Groot JA, Bouwmeester W, et al. Critical appraisal 
and data extraction for systematic reviews of prediction modelling 
studies: the CHARMS checklist. PLoS Med 2014;11:e1001744.

 24. Vergouwe Y, Steyerberg EW, Eijkemans MJ, et al. Substantial 
effective sample sizes were required for external validation 
studies of predictive logistic regression models. J Clin Epidemiol 
2005;58:475–83.

 25. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events 
per variable in logistic and Cox regression. Am J Epidemiol 
2007;165:710–8.

 26. Haas DM, Imperiale TF, Kirkpatrick PR, et al. Tocolytic therapy: 
a meta-analysis and decision analysis. Obstet Gynecol 
2009;113:585–94.

 27. Steyerberg EW, Harrell FE, Borsboom GJ, et al. Internal validation 
of predictive models: efficiency of some procedures for logistic 
regression analysis. J Clin Epidemiol 2001;54:774–81.

 28. National Institute for Clinical Excellence (NICE). Guide to the 
methods of technology appraisal. 2013 https://www. nice. org. uk/ 
process/ pmg9/ chapter/ the- reference- case (accessed 23 Nov 2017).

 29. Tommys. Funding research, saving babies' lives. https://www. 
tommys. org (accessed 23 Nov 2017).

 30. Abbott DS, Hezelgrave NL, Seed PT, et al. PPO.01 EQUIPP: 
evaluation of fetal fibronectin with a novel bedside quantitative 
instrument for the prediction of preterm birth. Arch Dis Child Fetal 
Neonatal Ed 2014;99:A150.3–A151.

 31. Abbott DS, Radford SK, Seed PT, et al. Evaluation of a quantitative 
fetal fibronectin test for spontaneous preterm birth in symptomatic 
women. Am J Obstet Gynecol 2013;208:122.e1–122.e6.

 32. Bruijn MMC, Kamphuis EI, Hoesli IM, et al. The predictive value 
of quantitative fibronectin testing in combination with cervical 
length measurement in symptomatic women. Am J Obstet Gynecol 
2016;215:793.e1–793.e8.

 33. Bruijn M, Vis JY, Wilms FF, et al. Quantitative fetal fibronectin testing 
in combination with cervical length measurement in the prediction 
of spontaneous preterm delivery in symptomatic women. BJOG 
2016;123:1965–71.

group.bmj.com on April 12, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/pregnancyandethnicfactorsinfluencingbirthsandinfantmortality/2013-10-10
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/pregnancyandethnicfactorsinfluencingbirthsandinfantmortality/2013-10-10
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/pregnancyandethnicfactorsinfluencingbirthsandinfantmortality/2013-10-10
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/causesofdeath/bulletins/pregnancyandethnicfactorsinfluencingbirthsandinfantmortality/2013-10-10
http://www.isdscotland.org/Health-Topics/Maternity-and-Births/Publications/2013-08-27/2013-08-27-Births-Report.pdf?34511965514
http://www.isdscotland.org/Health-Topics/Maternity-and-Births/Publications/2013-08-27/2013-08-27-Births-Report.pdf?34511965514
http://www.isdscotland.org/Health-Topics/Maternity-and-Births/Publications/2013-08-27/2013-08-27-Births-Report.pdf?34511965514
http://dx.doi.org/10.1016/S0140-6736(00)04234-3
http://dx.doi.org/10.1016/S0002-9378(97)70431-9
http://dx.doi.org/10.1136/archdischild-2013-305555
http://dx.doi.org/10.1001/jamapediatrics.2013.2764
http://dx.doi.org/10.1136/bmj.b744
http://dx.doi.org/10.1093/pch/12.3.191
http://dx.doi.org/10.3310/hta13430
http://dx.doi.org/10.3310/hta13430
http://dx.doi.org/10.3310/hta17400
http://dx.doi.org/10.3310/hta17400
http://dx.doi.org/10.1136/archdischild-2014-307806
http://dx.doi.org/10.1136/archdischild-2014-307806
http://dx.doi.org/10.1371/journal.pmed.1001886
http://dx.doi.org/10.1002/sim.5732
http://dx.doi.org/10.1002/14651858.CD004454.pub3
http://dx.doi.org/10.1136/bmj.g7594
http://www.ncbi.nlm.nih.gov/pubmed/11165586
http://www.ncbi.nlm.nih.gov/pubmed/11165586
http://dx.doi.org/10.1016/j.ajog.2004.09.034
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://dx.doi.org/10.7326/0003-4819-155-8-201110180-00009
http://dx.doi.org/10.7326/0003-4819-158-4-201302190-00009
http://dx.doi.org/10.1371/journal.pmed.1001744
http://dx.doi.org/10.1016/j.jclinepi.2004.06.017
http://dx.doi.org/10.1093/aje/kwk052
http://dx.doi.org/10.1097/AOG.0b013e318199924a
http://www.ncbi.nlm.nih.gov/pubmed/11470385
https://www.nice.org.uk/process/pmg9/chapter/the-reference-case
https://www.nice.org.uk/process/pmg9/chapter/the-reference-case
https://www.tommys.org
https://www.tommys.org
http://dx.doi.org/10.1136/archdischild-2014-306576.442
http://dx.doi.org/10.1136/archdischild-2014-306576.442
http://dx.doi.org/10.1016/j.ajog.2012.10.890
http://dx.doi.org/10.1016/j.ajog.2016.08.012
http://dx.doi.org/10.1111/1471-0528.13752
http://bmjopen.bmj.com/
http://group.bmj.com


economic analysis
participant data meta-analysis and health
preterm labour (QUIDS) part 1: Individual 

ofdecision-making in women with symptoms 
Quantitative fibronectin to help

and Jane E Norman
Khan, Susan Harper-Clarke, Ben W Mol, Richard D Riley, John Norrie 
Khalil, Andrew Shennan, Victoria Hodgetts Morton, Tina Lavender, Khalid
Jon Dorling, Lesley Jackson, Manju Chandiramani, Anna L David, Asma 
Sarah J Stock, Lisa M Wotherspoon, Kathleen A Boyd, Rachel K Morris,

doi: 10.1136/bmjopen-2017-020796
2018 8: BMJ Open

 http://bmjopen.bmj.com/content/8/4/e020796
Updated information and services can be found at: 

These include:

References
 http://bmjopen.bmj.com/content/8/4/e020796#ref-list-1

This article cites 27 articles, 2 of which you can access for free at: 

Open Access

http://creativecommons.org/licenses/by-nc/4.0/non-commercial. See: 
provided the original work is properly cited and the use is
non-commercially, and license their derivative works on different terms, 
permits others to distribute, remix, adapt, build upon this work
Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
This is an Open Access article distributed in accordance with the Creative

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (41)Health economics

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on April 12, 2018 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/content/8/4/e020796
http://bmjopen.bmj.com/content/8/4/e020796#ref-list-1
http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com//cgi/collection/health_economics
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopen.bmj.com/
http://group.bmj.com

	Quantitative fibronectin to help decision-making in women with symptoms of preterm labour (QUIDS) part 1: Individual participant data meta-analysis and health economic analysis
	Abstract
	Methods and analysis
	Aims and methodologies
	Part 1: Development and internal validation of prognostic model 
	Part 2: Validation and refinement of prognostic model

	Endpoints
	Health technologies being assessed
	Target population
	How patients are involved in this study
	Development of prognostic model
	IPD meta-analysis
	Inclusion criteria
	Exclusion criteria
	Search strategy
	Establishment of the qfFN IPD collaboration
	Study quality assessment and data collection
	Sample size considerations
	Data items
	Data cleaning
	Data analysis and prognostic model development
	Assessing apparent model performance
	Internal validation: assessing optimism in model performance
	Production of final model from IPD meta-analysis via uniform shrinkage
	Added value of qfFN
	Subgroup analyses

	Health economic analysis


	Ethics and dissemination
	Trial management and oversight arrangements
	Project management group
	TSC and data monitoring committee

	Good clinical practice
	Dissemination
	Peer review

	References


