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VERSION 1 - REVIEW 

REVIEWER Tom Marshall 
University of Birmingham  
UK 

REVIEW RETURNED 04-Jun-2014 

 

GENERAL COMMENTS This is an important paper with a huge amount of work packed into a 
single publication.  
 
Introduction  
- This might benefit from some additional background information on 
the nature of the information included in anonymised electronic 
primary care records databases (e.g. that they are anonymised data 
from UK general practices; that they include diagnoses, hospital 
admissions, clinical measurements, laboratory test results etc) 
International readers may be unfamiliar with these databases.  
 
Methods  
 
- It would be helpful to note the clinical coding system used in CPRD 
(Vision) and QResearch (EMIS) as a later version of the Read 
coding system is in use in some electronic primary care records 
databases (SystmOne uses Read 3.0 which limits the 
generalizability of the findings to SystmOne).  
- It would help to clarify the definition of exposure to a prescription. 
Was a patient considered exposed if the drug was ever prescribed 
prior to the outcome event; prescribed at baseline; prescribed for a 
minimum period of XX months?  
 
Results  
- recording of ethnicity and family history of CHD were higher in 
QResearch but it is unclear if this is partly accounted for by the fact 
that the QResearch database had data up to July 2013 wheras 
CPRD had data up to July 2012. It would help to clarify this or to 
present annual recorded rates of the relevant variables. (could be in 
the Discussion)  
- a lot of detail on the definition of variables (code lists, definition of 
exposure etc) is not included in the paper, however it might be 
impractical to include this even in an appendix. But it may be worth 
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commenting on the difficulties in presenting the entire process of 
defining variables  
 
Discussion  
- some mention should be made of the limitations of excluding 
patients without a Townsend score  
- some mention should be made of the implications of applying the 
formula to datasets using a later version of Read codes of using 
different clinical coding systems (e.g. the coding systems used in 
other countries)  
- a key factor in the impressive discrimination characteristics of the 
equations may be the availability of meticulously matched lists of 
Read codes and information on the exact definition of variables 
 
The statistical analysis needs a statistical reviewer 

 

REVIEWER David Reeves 
Centre for Primary Care  
University of Manchester  
England 

REVIEW RETURNED 16-Jun-2014 

 

GENERAL COMMENTS Overall, this is a very good and well-executed study and a very 
clearly-written paper. Although not providing much that is essentially 
„novel‟ it does importantly add to the body of evidence supporting the 
validity of the set of QPrediction tools. It also provides a very useful 
comparison of the demographics of the patients in the QResearch 
and CPRD databases, which is arguably worthy of a paper in its own 
right as both databases have expanded considerably since any 
previous comparative data was available.  
 
However, I find that the paper is unfortunately let down by a lack of 
adequate examination of the extent of missing values (which are 
considerable) or investigation of the possible impact of these on the 
results or conclusions. My opinion is that such needs to be added 
before the paper can be accepted for publication.  
 
In addition, I would like to see more effort made to signpost users of 
this research to web-links where they can obtain fuller details on the 
definitions (including code-lists) of the various variables used in the 
research (and/or in the Q-tools themselves).  
 
I expand on both of these points below.  
 
I have indicated that that the description of methods is not sufficient 
to allow the study to be repeated. The paper suffers the same 
problem of most primary care database research, which is a lack of 
reporting of the detail on how the variables used in the analysis were 
defined. For example, in calculating risk scores, is age treated as a 
continuous or a categorical variable? Is ethnicity used as a binary 
White v non-white, or using smaller ethnic sub-groups, as in Table 
2? It may be that the details on how risk factors are defined appear 
in the publications relating to each Q-tool, or in the algorithm code. 
But if that is the case, then it should be sign-posted in the paper.  
 
Equally, if not more, important, is lack of detail about the code lists 
used to define each chronic condition. The authors themselves 
acknowledge in the paper that the unavailability of these lists is a 
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general problem, but do not help to resolve this by providing their 
own lists, or at least a link to where they can be obtained.  
 
I have also not answered “yes” to a number of other items (my „no‟ 
response is unnecessarily harsh – I would have preferred a „don‟t 
know‟ option, for reasons below). The reason in all cases is the 
same: the absence of any description or discussion of missing data. 
It appears that there was very substantial missing data on a number 
of the risk factors used in the Q-tools, in both datasets. Some 
reporting of the extent of missing data and some sensitivity analysis 
of the possible impact of this on the results is required, together with 
an acknowledgement the issue in the study limitations section.  
 
Introduction, para 3 “….linked data mortality data…” Should read 
“…. Linked mortality data….”  
 
2.1 CPRD study population, para 1. “aged 25-99 at baseline”. It is 
not clear what “baseline” refers to. Is this a year, date of diagnosis, 
or what? Clarification is required  
 
2.8 Discrimination and calibration statistics, para 1. Information is 
required on what type of multiple imputation was applied, eg chained 
equations?  
 
3.2 Baseline characteristics. An additional section is required on the 
extent of missing data, in particular missing data on risk factors. 
Table 2 reveals that for some factors this was considerable: 
cholesterol/HDL ratio over 60% missing; alcohol status around 20%. 
Each Q-tool requires data on a set of risk factors, in some cases 
more than 20, and the % of patients with missing data one or more 
of these may be quite considerable. I would like to see a table 
included giving a breakdown of the samples for each Q-tool by 
number of missing risk factors (as per Collins and Altman, BJGP 
April 2012).  
 
The only analysis reported is that using multiple imputation (MI) for 
missing values, but that implies that for the tools using 
cholesterol/HDL ratio as a risk factor, this data will have been 
imputed for over 60% of patients. High levels of missing data, and 
therefore imputation, may have impacted on the discrimination and 
calibration statistics and therefore some form of sensitivity analysis 
for this is required. One option would be to separately report 
discrimination statistics for patients with and without missing data 
values.  
 
4.2 Strengths and limitations, para 1. The authors note the difficulty 
of obtaining comprehensive code-lists in research on primary care 
databases. To ameliorate this, and for the more general purpose of 
allowing external validation of studies, the publishing of code-lists is 
essential. Ideally, I would like the authors to make their own 
QResearch and CPRD code-lists – particularly those relating to the 
exposures (ie chronic conditions), as these are the hardest to 
precisely define – freely available somewhere on-line. I will also 
make an unashamed plug for that being the clinical codes repository 
(https://clinicalcodes.rss.mhs.man.ac.uk/), set up by my own unit, 
precisely for that purpose.  
 
4.4 Comparison of QResearch and CPRD baseline characteristics, 
para 1. The observed ethnicity and family history differences 
between the databases may also be partly due to differences in the 
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geographical distributions of the practices in each, which for 
historical reasons are not inconsiderable.  
 
Data sharing statement. This mentions that the algorithms 
(presumably those for deriving the Q-tool scores) in the paper are 
published as open source software. However, it also needs to give 
the web-link where these can be found. In addition, I would ideally 
like a link included to where the code-lists for the clinical diagnoses 
can be found. Without these it is not possible for someone to 
independently validate this study. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer Name Tom Marshall 
 
This is an important paper with a huge amount of work packed into a single publication.  
 
1. Introduction  
- This might benefit from some additional background information on the nature of the information 
included in anonymised electronic primary care records databases (e.g. that they are anonymised 
data from UK general practices; that they include diagnoses, hospital admissions, clinical 
measurements, laboratory test results etc) International readers may be unfamiliar with these 
databases.  
Authors reply: We agree with this and have added the following text to the introduction “The 
QResearch database consists of data collected from primary care (coded information on socio-
demographic characteristics, diagnoses, symptoms, smoking/alcohol, clinical measurements, 
laboratory values, prescriptions and referrals) which has been linked to cause of death, hospital 
episodes and cancer registrations at individual patient level”. 
 
2. Methods  
 
- It would be helpful to note the clinical coding system used in CPRD (Vision) and QResearch (EMIS) 
as a later version of the Read coding system is in use in some electronic primary care records 
databases (SystmOne uses Read 3.0 which limits the generalizability of the findings to SystmOne).  
Authors reply: We had added a comment to section 4.2 of the discussion “Whilst there is a mapping 
between Read codes and CTV3, we have not tested the algorithms on a database using CTV3 in this 
study so are unable to draw conclusions regarding the generalisability of the algorithm to practices 
using this system.” 
 
- It would help to clarify the definition of exposure to a prescription. Was a patient considered exposed 
if the drug was ever prescribed prior to the outcome event; prescribed at baseline; prescribed for a 
minimum period of XX months?  
Authors reply:  We agree this is useful to include and have added the following text to section 2.6 
“Patients were considered to be exposed to medication if they had at least 2 prescriptions for the 
relevant medication prescribed prior to baseline with the most recent one occurring within 28 days of 
the baseline date.” 
 
3. Results  
- recording of ethnicity and family history of CHD were higher in QResearch but it is unclear if this is 
partly accounted for by the fact that the QResearch database had data up to July 2013 whereas 
CPRD had data up to July 2012. It would help to clarify this or to present annual recorded rates of the 
relevant variables. (could be in the Discussion)  
Authors reply: We agree this is an important point. We have added a new table (web extra table 2) 

and have updated section 3.2 of the results to include the following text to take account of this point 

and also the point raised by the second reviewer about geographical differences “Recording of 

ethnicity was higher in QResearch than CPRD overall (58.2% vs 38.1%). and in each of the 10 

geographical areas within England (Web extra table 2). We repeated the analysis restricting 

information on QResearch to that recorded prior to 31 July 2012 (for comparability with the calendar 
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time available on CPRD).  Of the 6,758,649 patients on QResearch, 3,856,244 (57.1%) had ethnicity 

recorded prior to this date”  

We have also added the following “Recording of a positive family history of coronary heart disease 

and diabetes was more than twice as high in QResearch compared with CPRD. For example, for 

family history of coronary heart disease, 11.0% of patients had a value recorded for QResearch 

compared with 4.6% for CPRD (web extra table 2). Restricting information to that recorded prior to 

July 2012 for QResearch, then 6,758,649 (10.7%) had a positive family history recorded.  

We have added a sentence to the discussion (section 4.4) to say that “Recording differences in 

ethnicity and family history were not explained by geographic differences or differences in data 

capture period between the two databases”.  

 
 
- a lot of detail on the definition of variables (code lists, definition of exposure etc) is not included in 
the paper, however it might be impractical to include this even in an appendix. But it may be worth 
commenting on the difficulties in presenting the entire process of defining variables  
Authors reply:  We agree it‟s impractical to do this.  We added the following text to section 4.3 of the 
discussion.  “The aim of this study was to validate a collection of risk prediction tools. The details of 
the derivation and first validation of each prediction tool has been separately published in the peer 
reviewed literature including information on definitions of predictor variables with supplementary 
information available on the relevant websites. We haven‟t duplicated information in the present paper 
but have provided the relevant links and references” 
 
 
4. Discussion  
- some mention should be made of the limitations of excluding patients without a Townsend score  
Authors reply: We have added the following text to section 4.2 “CPRD only had Townsend score for 
patients recorded for approximately half their practices (unlike QResearch where Townsend score is 
included for all practices) so we had to limit the validation cohort in CPRD for this analysis to those 
practices with linked Townsend scores. We undertook a comparison between patients registered with 
CPRD practices with and without linked data. We found marginally higher recording for ethnicity, 
smoking,  alcohol, clinical values for the CPRD cohort with linked data compared with the unlinked 
data but similar characteristics for demographics, comorbidities, medication and clinical values 
(results not shown) so we have no reason to believe this would have biased our results.”. 
 
- some mention should be made of the implications of applying the formula to datasets using a later 
version of Read codes of using different clinical coding systems (e.g. the coding systems used in 
other countries)  
Authors: we have added some text in section 4.2 to address this “Whilst there is a mapping between 

Read codes and CTV3, we have not tested the algorithms on a database using CTV3 in this study so 

are unable to draw conclusions regarding the generalisability of the results of the validation to 

practices using this system”.  

 
- a key factor in the impressive discrimination characteristics of the equations may be the availability 
of meticulously matched lists of Read codes and information on the exact definition of variables  
Authors reply:  There is a mapping table between Read codes and CTV3 (as mentioned above) which 
should mean this isn‟t a major issue in practice.  
 
 
Reviewer Name David Reeves 
 
Overall, this is a very good and well-executed study and a very clearly-written paper. Although not 
providing much that is essentially „novel‟ it does importantly add to the body of evidence supporting 
the validity of the set of QPrediction tools. It also provides a very useful comparison of the 
demographics of the patients in the QResearch and CPRD databases, which is arguably worthy of a 
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paper in its own right as both databases have expanded considerably since any previous comparative 
data was available.  
Authors reply: thank you for these comments. We have added the following text to section 4.1 of the 
discussion “Our paper also provides updated information on a direct comparison between two of the 
world‟s largest general practice databases which have both been linked to mortality and secondary 
care data” 
 
However, I find that the paper is unfortunately let down by a lack of adequate examination of the 
extent of missing values (which are considerable) or investigation of the possible impact of these on 
the results or conclusions. My opinion is that such needs to be added before the paper can be 
accepted for publication.  
Authors reply: Please see replies below regarding further analyses of missing data in relation to the 
later questions by this reviewer.  
 
In addition, I would like to see more effort made to signpost users of this research to web-links where 
they can obtain fuller details on the definitions (including code-lists) of the various variables used in 
the research (and/or in the Q-tools themselves).  
Authors reply: To address this point, we have added an extra column to table 1 which gives the web 
link for each calculator to sign post the reader to the related resources and literature. The links are 
also still present in the introduction to the paper. The individual websites have sections which link to 
related academic publications, the open source software, additional information (which can include 
code lists).  As the first reviewer noted, it would be impractical to include all this information in the 
current paper. Our current approach allows us to add information and updates as they become 
available in an accessible way related to each algorithm.  
 
I expand on both of these points below.  
 
I have indicated that that the description of methods is not sufficient to allow the study to be repeated. 
The paper suffers the same problem of most primary care database research, which is a lack of 
reporting of the detail on how the variables used in the analysis were defined. For example, in 
calculating risk scores, is age treated as a continuous or a categorical variable? Is ethnicity used as a 
binary White v non-white, or using smaller ethnic sub-groups, as in Table 2? It may be that the details 
on how risk factors are defined appear in the publications relating to each Q-tool, or in the algorithm 
code. But if that is the case, then it should be sign-posted in the paper.  
Authors reply:  Age is continuous and ethnicity is categorical and we have added this to section 2.6. 
Please also see note above regarding signposting the reader to the primary research papers and 
related resources. 
 
Equally, if not more, important, is lack of detail about the code lists used to define each chronic 
condition. The authors themselves acknowledge in the paper that the unavailability of these lists is a 
general problem, but do not help to resolve this by providing their own lists, or at least a link to where 
they can be obtained.  
Authors reply: please see note above. For example, the QRISK2 code sets are published on the 
information page of the qrisk.org website 
http://www.qrisk.org/QRISK2-2013-Code-Lists.pdf 
The QThrombosis code list is published on the information page of the www.qthrombosis .org website 
http://qthrombosis.org/QThrombosis%20Code%20Lists%202011.pdf  
We think that by providing the link to the main website, readers should be able to navigate to the right 
place. 
 
I have also not answered “yes” to a number of other items (my „no‟ response is unnecessarily harsh – 
I would have preferred a „don‟t know‟ option, for reasons below). The reason in all cases is the same: 
the absence of any description or discussion of missing data. It appears that there was very 
substantial missing data on a number of the risk factors used in the Q-tools, in both datasets. Some 
reporting of the extent of missing data and some sensitivity analysis of the possible impact of this on 
the results is required, together with an acknowledgement the issue in the study limitations section.  
Authors reply: Table 2 already contains information on the recording of risk factors in men and women 

in each dataset. This covers ethnicity, smoking, alcohol and clinical values. We have added some 

further information on recording of ethnicity and family history and included a new web table2 which 
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shows recording of ethnicity and family history by geographical area (see above). We have also 

added a new web table 3 which compares CPRD patients with and without linked data. 

We have also added 2 new columns of data to table 4 to record the numbers and % of all those 

eligible for inclusion who have complete data. We have added this to section 3.2 of the results-  

“Table 4 also shows the numbers and percentage of those eligible for inclusion with complete data for 

risk factors necessary for calculation of the score which would otherwise need to be imputed. The 

amount of missing data varies substantially between the scores with scores requiring multiple 

laboratory or clinical values (such a QKidney and QRISK2) having the lowest levels of completeness”. 

 
 
Introduction, para 3 “….linked data mortality data…” Should read “…. Linked mortality data….”  
Authors reply: thanks - we have updated this. 
2.1 CPRD study population, para 1. “aged 25-99 at baseline”. It is not clear what “baseline” refers to. 
Is this a year, date of diagnosis, or what? Clarification is required  
Authors reply: baseline refers to the entry to the cohort. We have updated the text in section 2.1. 
 
2.8 Discrimination and calibration statistics, para 1. Information is required on what type of multiple 
imputation was applied, eg chained equations?  
Authors reply: We used the ICE procedure in STATA and have added this to section 2.8 
 
3.2 Baseline characteristics. An additional section is required on the extent of missing data, in 
particular missing data on risk factors. Table 2 reveals that for some factors this was considerable: 
cholesterol/HDL ratio over 60% missing; alcohol status around 20%. Each Q-tool requires data on a 
set of risk factors, in some cases more than 20, and the % of patients with missing data one or more 
of these may be quite considerable. I would like to see a table included giving a breakdown of the 
samples for each Q-tool by number of missing risk factors (as per Collins and Altman, BJGP April 
2012).  
Authors reply: please see above. We have added a number of additional tables and columns of data 
which we think broadly addresses this in a way which doesn‟t distract from the main analyses and 
purpose of the paper. 
 
The only analysis reported is that using multiple imputation (MI) for missing values, but that implies 
that for the tools using cholesterol/HDL ratio as a risk factor, this data will have been imputed for over 
60% of patients. High levels of missing data, and therefore imputation, may have impacted on the 
discrimination and calibration statistics and therefore some form of sensitivity analysis for this is 
required. One option would be to separately report discrimination statistics for patients with and 
without missing data values.  
Authors reply: We have based our main results for the validation using multiply imputed data. We 

have conducted an additional complete case analysis as suggested and have added:  

a. A sentence to section 2.8 of the methods “We also repeated the assessment of discrimination 
by restricting the analysis for each score to patients without missing data for relevant clinical 
or laboratory measures used in the risk score (i.e. those with complete data for all predictor 
variables in the risk score)”;  

b. an additional web extra table 5;  
c. the following text to the results section 3.4 “Web extra table 4 presents the ROC, D and R

2 

statistic for each score restricted to patients from CPRD with complete recording of laboratory 
and risk factor data for each score. The results were very similar to the results obtained using 
multiply imputed dataset for the majority of scores except for QRISK2 and QStroke where 
values tended to be lower”.  

d. We have added the following text for section 4.2 of the discussion “Another strength of 
general practice databases is the large volume of patients who tend to be representative of 
the general population. A limitation of routinely collected data is that not all patients will have 
all clinical and laboratory data recorded leading to missing data values in some of the 
parameters needed to calculate the risk scores. We have reported performance in all patients 
using multiple imputation to replace missing values and restricted to patients without missing 
values and found very similar results for the majority of algorithms tested. There was some 
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degradation of performance associated with large amounts of missing data although not 
sufficient to affect our conclusion.  The software used to implement QPrediction scores in 
clinical practice includes algorithms to estimate body mass index, systolic blood pressure and 
cholesterol/HDL ratio which can be used where relevant data is not recorded to generate an 
estimate risk score. The clinician can then enter the relevant data fields once the patient is 
assessed to calculate an actual risk score using recorded values”.  
 

 
4.2 Strengths and limitations, para 1. The authors note the difficulty of obtaining comprehensive code-
lists in research on primary care databases. To ameliorate this, and for the more general purpose of 
allowing external validation of studies, the publishing of code-lists is essential. Ideally, I would like the 
authors to make their own QResearch and CPRD code-lists – particularly those relating to the 
exposures (ie chronic conditions), as these are the hardest to precisely define – freely available 
somewhere on-line. I will also make an unashamed plug for that being the clinical codes repository 
(https://clinicalcodes.rss.mhs.man.ac.uk/), set up by my own unit, precisely for that purpose.  
Authors reply. See above.  We have addressed this by cross referencing and adding additional links 
to our related websites where further information can be obtained. 
 
4.4 Comparison of QResearch and CPRD baseline characteristics, para 1. The observed ethnicity 
and family history differences between the databases may also be partly due to differences in the 
geographical distributions of the practices in each, which for historical reasons are not inconsiderable.  
Authors reply:  Web extra table 1 reports the numbers of patients in CPRD and QResearch by 

geographical area which is broadly similar with the possible exception of London where there are 25% 

of QResearch practices compared with 17% of CPRD practices. We have added a new web table 2 

and the corresponding text to section 3.2 “Web extra table 2 shows recording levels for ethnicity and 

family history of coronary heart disease by geographical area and recording levels of both are higher 

on QResearch than CPRD in each of the 10 geographical areas”. We have also added a sentence to 

the discussion on this issue as mentioned in response to reviewer 1.  

 
 
Data sharing statement. This mentions that the algorithms (presumably those for deriving the Q-tool 
scores) in the paper are published as open source software. However, it also needs to give the web-
link where these can be found. In addition, I would ideally like a link included to where the code-lists 
for the clinical diagnoses can be found. Without these it is not possible for someone to independently 
validate this study. 
Authors reply: We have addressed this with the web links in table 1 and answer above (see answer 
above) 

 

VERSION 2 – REVIEW 

REVIEWER Tom Marshall 
University of Birmingham  
UK 

REVIEW RETURNED 07-Jul-2014 

 

GENERAL COMMENTS The authors have addressed all of the issues I raised. I am now 
happy with the paper. 

 

REVIEWER David Reeves 
University of Manchester  
England 

REVIEW RETURNED 23-Jul-2014 
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GENERAL COMMENTS The authors have done an admirable and thorough job of addressing 
my previous comments, especially with regards to issues of missing 
values and directing readers to additional sources of variable 
definitions and codes. The extra information they have added on 
regional comparisons between the datasets is also a welcome 
addition to an excellent paper.  
 
However, I would like to push them a bit further regarding missing 
values as I think they may have been somewhat partial in only 
reporting in full on these for CPRD, but not for QResearch. 
Regarding the impact of missing values (and their imputation) on 
results, data on % complete data (table 4) and on goodness-of-fit fit 
statistics for complete cases (web table 5) has been provided for 
CPRD, but no comparative results given for QResearch. Table 2 
suggests that for many variables rates of missing values are similar 
in both datasets, therefore it would be valuable to have these results 
(% complete data and complete cases GoF) reported for QResearch 
alongside CPRD.  
 
The added text to section 3.4 comments that complete cases 
analysis for Qrisk2 and QStroke produced GoF indices that “tended 
to be lower”. I think this rather understates the difference, where, for 
example, R^2 statistics declined in all cases and by up to 20 
percentage points (eg QRISK2 for men, from 50.9% down to 
31.8%). There were also consistent, though not so large, declines 
for the QKidney tools which also had large – over 40% - amounts of 
missingness. This is another reason for giving the corresponding 
figures for QResearch: to see if that dataset is more robust against 
such degradation.  
 
There is a possibility here that imputation for QRisk2 and QStroke in 
particular (which would include the missing values imputation done 
by the tools themselves in clinical practice) considerably inflates the 
fit of the data to the models - this would not be surprising as, in 
essence, both imputation and the tool algorithms use underlying 
regression methods. I would like to see this given more 
consideration in the discussion. At the moment the discussion simply 
states “There was some degradation of performance associated with 
large amounts of missing data although not sufficient to affect our 
conclusion”, which I think may not be entirely supported by the 
evidence of the paper itself, where to my mind the degradation was 
more substantial than this implies. Further justification of this 
conclusion in the context of these particular tools would be 
warranted. For this reason I have (rather harshly) answered "no" to 
item 11 on the checklist.  
 
Table 2: the % values reported for mean creatinine in CPRD may be 
in error (149.1% and 911.6%) 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer Name Tom Marshall  

 

The authors have addressed all of the issues I raised. I am now happy with the paper.  

REPLY: thank you for your comments.  

 

Reviewer Name David Reeves  
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The authors have done an admirable and thorough job of addressing my previous comments, 

especially with regards to issues of missing values and directing readers to additional sources of 

variable definitions and codes. The extra information they have added on regional comparisons 

between the datasets is also a welcome addition to an excellent paper.  

REPLY: thank you for these comments.  

 

However, I would like to push them a bit further regarding missing values as I think they may have 

been somewhat partial in only reporting in full on these for CPRD, but not for QResearch. Regarding 

the impact of missing values (and their imputation) on results, data on % complete data (table 4) and 

on goodness-of-fit fit statistics for complete cases (web table 5) has been provided for CPRD, but no 

comparative results given for QResearch. Table 2 suggests that for many variables rates of missing 

values are similar in both datasets, therefore it would be valuable to have these results (% complete 

data and complete cases GoF) reported for QResearch alongside CPRD. The added text to section 

3.4 comments that complete cases analysis for Qrisk2 and QStroke produced GoF indices that 

“tended to be lower”. I think this rather understates the difference, where, for example, R^2 statistics 

declined in all cases and by up to 20 percentage points (eg QRISK2 for men, from 50.9% down to 

31.8%). There were also consistent, though not so large, declines for the QKidney tools which also 

had large – over 40% - amounts of missingness. This is another reason for giving the corresponding 

figures for QResearch: to see if that dataset is more robust against such degradation. There is a 

possibility here that imputation for QRisk2 and QStroke in particular (which would include the missing 

values imputation done by the tools themselves in clinical practice) considerably inflates the fit of the 

data to the models - this would not be surprising as, in essence, both imputation and the tool 

algorithms use underlying regression methods. I would like to see this given more consideration in the 

discussion. At the moment the discussion simply states “There was some degradation of performance 

associated with large amounts of missing data although not sufficient to affect our conclusion”, which I 

think may not be entirely supported by the evidence of the paper itself, where to my mind the 

degradation was more substantial than this implies. Further justification of this conclusion in the 

context of these particular tools would be warranted. For this reason I have (rather harshly) answered 

"no" to item 11 on the checklist.  

 

REPLY: For the vast majority of scores, the results of the validation were extremely similar. We agree 

it was more marked for QStroke and QRISK as we had already note in the text but we have now 

highlighted this in more detail by rewording the text in section 3.4 and including results for two 

examples - QFracture (where there was negligible difference) and QRISK2 (where the difference was 

more marked). We have amended the text in section 3.4 to include “The results were very similar to 

the results obtained using multiply imputed dataset for the majority of scores except for QRISK2 and 

QStroke where values were lower. For example, the results for QFracture (hip fracture) in women on 

CPRD using multiply imputed data were ROC of 0.89; R2 of 70.6%; D statistic of 3.17. The 

corresponding results restricted to women on CPRD with complete data were ROC of 0.90; R2 of 

70.4%; D statistic of 3.16. For QRISK2, the results for women for imputed data on CPRD were ROC 

of 0.88 ; R2 of 56.4% ; D statistic of 2.33. The corresponding results for complete data were ROC of 

0.79; R2 of 40.9%; D statistic of 1.70”.  

 

We thought hard as to whether to add a further table to the results presenting the validation of the 

scores based on a complete case analysis results for QResearch. We decided against this for two 

reasons. First, the primary purpose of this paper is to present the validation of QPrediction scores 

using an external data source, CPRD. Second, we have reproduced the published statistics based on 

QResearch alongside CPRD. The original papers contain more detail on both the development and 

initial validation of all the models and we prefer that the reader be directed to those via the references 

as the current paper is already very rich with data and analyses. As we have already mentioned, the 

software which implements the QPrediction tools in clinical computer systems contains within it 

algorithms to estimate missing values where these cannot be recorded at the time directly from the 
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patient in the consultation. Therefore we think the primary results which we have presented have 

reasonable face validity. However we agree with the referee that we should rephrase our discussion 

and so now have the following text in section 4.2 of the discussion  

“There was some degradation of performance for algorithms, particularly for QRISK2 and QStroke, 

where there were large amounts of missing data. However in clinical practice, the risk scores can be 

calculated using information recorded during consultation reducing the amount of missing data. 

Alternatively, the software which implements QPrediction scores includes algorithms which estimate 

body mass index, systolic blood pressure and cholesterol/HDL ratio. The estimated values can be 

used where the relevant data is not recorded in order to generate an estimated risk score. Effectively, 

the software emulates the multiple imputation used in our validation which then gives the results 

based on multiply imputed data reasonable face validity.”  

 

 

 

Table 2: the % values reported for mean creatinine in CPRD may be in error (149.1% and 911.6%)  

REPLY: thank you for spotting the typo. The figures are creatinine (standard deviation) and we have 

corrected the values in Table 2. 
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