
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Optimising case-detection within UK electronic health records: 
utilisation of multiple linked databases for detecting liver injury 

AUTHORS Wing, Kevin; Bhaskaran, Krishnan; Smeeth, Liam; van Staa, Tjeerd; 
Klungel, Olaf; Reynolds, Robert; Douglas, Ian 

 

VERSION 1 - REVIEW 

REVIEWER Andrew Hayward 
UCL, UK 

REVIEW RETURNED I examined the PhD on which this paper is based and encouraged 
the author to submit as I felt it provided important insight into 
metholgical approaches to studying acute liver injury. 

 

GENERAL COMMENTS This is a well conducted study that provides valuable information on 
the use of linked healthcare records for pharmacoepidemiological 
studies and acute liver injury. The finding that use of secondary care 
data added little to identification of liver injury is an important one for 
researchers in this area. It is well written with a clear message.  

 

REVIEWER Rosie Cornish 
University of Bristol, UK 

REVIEW RETURNED 05-May-2016 

 

GENERAL COMMENTS As the authors state, in studies using electronic health records it is 

important to be able to accurately identify cases and studies such as 

this one are very valuable to others wanting to use routine health 

data to carry out epidemiological research. My main concern is over 

the use of a probabilistic algorithm to define cases in the CPRD 

data, as I do not believe this is what would typically be used in 

practice.  

Main comments 

1) One of the conclusions is that CPRD data could be used on its 

own to study liver injury. The authors have used a probabilistic 

algorithm to define a case using the CPRD data. Would they 

recommend that other researchers use this algorithm to identify 

cases? If not (and I believe this approach would have some 
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drawbacks), then I cannot really understand why the analysis 

has been done in this way. Would it not have been better to 

have generated a number of different case definitions using the 

GP data (for example: positive liver test only, positive liver test 

or group 1 diagnosis, positive liver test or liver referral, etc.) and 

to have presented the sensitivity and specificity of these? 

Clearly there are many such possible definitions but the authors 

could have chosen to present results for only those definitions 

that might prove useful in practice. I believe that presenting the 

results in such a way would be of greater value to other 

researchers trying to use GP data to define cases of cholestatic 

liver injury.  

2) If the logistic model is retained in the final paper then I think it 

needs further explanation and justification. Specifically: 

a) The description given in the statistical methods does not 

seem to fit with the results presented. In the statistical 

methods section it is stated that: Multivariable analysis was 

then performed on those explanatory variables that had 

shown an association with the outcome in the univariable 

analysis. However, the variable “liver necrosis-related index” 

was not associated with the outcome in the univariate 

analysis but appears to have been retained in the 

multivariate model (Supplementary Table 8). It is also stated 

that: Variables with LRT p-values of less than 0.05 were 

considered to be associated with the outcome and kept in 

the model. This suggests to me that the multivariate odds 

ratios given in Table 4 come from a model containing only 

the variables included in Table 4. However, these 

multivariate odds ratios (and their confidence intervals) are 

exactly the same as those presented in Supplementary 

Table 8; yet – as far as I understand it – there were only 11 

variables included in the model for Table 4 but 22 variables 

included in the model for Supplementary Table 8. Have I 

misunderstood the methods or is this a mistake?  

b) My initial understanding of the “index diagnosis” variables 

presented in Supplementary Table 8 (i.e. “Hepatitis (or 

similar) index” to “Other/non-specific liver index”) was these 

are mutually exclusive and everyone in the dataset would 

have one of the index diagnoses listed. However, if you add 

up the number of “Yeses” for these 14 variables, the total 
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number of individuals comes to 8016. Is this an error or 

were there some individuals who had none of these 

diagnoses? If the latter is the case then I think this should be 

stated somewhere. If this is an error and everyone should in 

fact have one of the index diagnoses listed then the authors 

would have perfect multicollinearity and the constant term 

would have to be removed in order to be able to estimate 

the odds ratios for all the index diagnosis variables. If this 

has been done, this should also be stated.  

c) I don’t really understand why “Had any referrals”, “Had liver 

referrals”, and “Top liver referral code” were put in the model 

as three separate variables. The same applies to the 

variables “No. of additional liver-related diagnoses” and Top-

ranked additional liver diagnosis”.  If these variables are 

combined, there is a clear “dose-response” effect – the 

crude odds ratios are: 

Variable Category OR 

Referrals No referrals 
Non-liver referral 
Liver referral, group 3 
Liver referral, group 1 
or 2 

1.00 
1.79 
1.91 
2.63 

Additional liver 
diagnoses 

No additional diagnoses 
One or more (top 
ranked=3) 
One or more (top 
ranked=1,2) 

1.00 
1.54 
2.45 

 

In a model with all these variables in, the predictions would 

be the same whether or not these were combined but in the 

final model presented in Table 4, only “Had any referrals” 

and “No. of additional liver-related diagnoses” were included 

(unless I have misunderstood what has been done in the 

analysis – see comment 2a above). Since these combined 

variables (as a whole) appear to be important, I do not think 

that the predictions based on only some of their categories 

will be as good as the predictions based on them all. 

Minor comments 

1) Table 1 appears to have footnotes 2-5 missing. 

2) In Table 4 and Supplementary Table 8, the number of cases 

adds up to 2470 (not 2468) for most of the variables presented.  

3) As I understand it, Read codes for diagnoses all begin with 
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uppercase letters (lowercase letters are for drugs). Thus, all the 

Read codes in Supplementary Table 3b need changing. 

4) I presume the third last variable in Supplementary Table 8 

should be “Number of additional liver-related diagnoses”?  

5) I think footnote 5 for Supplementary Table 8 may be incorrect – I 

wonder if the part “(see Chapter 3 Appendix Table 4)” should be 

there? 

6) Please could the authors state what software was used for their 

analysis? 

 

 

VERSION 1 – AUTHOR RESPONSE 

-------Response to comment (1)------  

In using a probabilistic approach to develop the CPRD algorithm, we have effectively identified a very 

large number of different possible case definitions (i.e. the CPRD algorithm scores). In this paper it 

was not our aim to select one (or a few) case definition(s) that could be useful in practice for the 

detection of cholestatic liver injury, but to assess whether a CPRD algorithm for the detection of 

cholestatic liver injury could be improved by utilisation of linked data (as specified in the last 

paragraph of the introduction and the Study aim section of the Methods).  

 

We would think that other researchers could benefit from development of a probabilistic algorithm in 

the way that we approached it (particularly if they are using what might be a superior “gold-standard” 

for its development) and agree that this represents an omission from the original manuscript. We have 

therefore added the following text to the implications and context section in the Discussion:  

 

“The nature of HES data meant that our goal of developing a CPRD algorithm that capitalised on the 

strength of linked data was somewhat limited. However we believe that the approach we used in 

development of a probabilistic algorithm could be of use to other researchers, particularly if validated 

against a superior “gold standard” (such as detailed records from a specialist liver clinic). We have 

performed a thorough search of the literature in order to identify diagnoses and liver test criteria that 

informed our algorithm, and provided very clear descriptions of and/or references to these (including 

an internationally agreed standard for liver test criteria). We also clearly defined the time windows and 

data management applied for detecting the injury within CPRD. Performing a ROC analysis allowed 

the sensitivity and specificity of a range of algorithm scores to be presented, and case definitions 

corresponding to specific score cut-offs could be selected for defining cases based upon different 

scenarios. For example, in pharmacoepidemiology, the sensitivity and specificity of the score used to 

identify people is likely to depend on the type of study being performed, financial resources available, 

time that the drug has been on the market, and frequency of liver injury events associated with the 

drug.”  

 

 

 

-------Response to comment (2)(a)------  

(a) Following review of the relevant sections of the manuscript after receipt of this comment, we agree 

that the description of the regression analyses performed could be improved, and that the results 

presentation could be clearer. The multivariable results that were included in the original 

Supplementary Table 8 were also incorrect due to an updating error, and we apologise for this 

mistake. We have therefore made the following changes to the manuscript in relation to these issues.  
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1. Supplementary data Table 8 – multivariable ORs have been updated so that they show those for 

the (initial) fully adjusted model. Multivariable ORs in Table 4 and Supplementary data Table 8 are 

now different as expected.  

2. Paragraph 2 of the Statistical Analysis section has been updated to clarify the model-building 

process, and now reads: “In multivariable analysis, Firth’s logistic regression methodology was used, 

which can handle strata with sparse data by using penalised maximum likelihood estimation [22]. An 

initial multivariable logistic regression model was fitted that included all potential CPRD explanatory 

variables. A final CPRD algorithm model was then prepared by removing those variables with p>0.05 

from the fully adjusted model in a stepwise fashion, in order of increasing strength of evidence for 

association. Likelihood Ratio Tests (LRTs) were used to obtain p-values.” The footnotes of Table 4 

and Supplementary data Table 8 have also been updated to reflect this, and we have also updated 

the title of Table 8.  

3. The third sentence of the first paragraph of the results section on CPRD algorithm development 

has been updated to clarify what Table 4 and Supplementary data Table 8 are showing, as follows: 

“The univariable and multivariable results for the CPRD variables included in the final CPRD 

cholestatic liver injury algorithm are provided in Table 4, while the univariable results for all of the 

potential CPRD variables initially tested and the initial fully-adjusted model are provided in the 

supplementary material (8. Results for all potential CPRD explanatory variables). “  

4. In making these changes, we noticed that the word “multivariate” instead of “multivariable” had 

been used within the Supplementary data, and updated this accordingly where it occurred.  

 

 

 

-------Response to comment (2)(b)------  

You are correct, there should have been 8020. There is an error in Supplementary Table 8 that has 

now been rectified, in that the results for the variable for a Cholaemia index diagnosis (see 

Supplementary data table 6) was missing from the table (with 4 cases, taking the total to 8020).  

 

This variable was not included in any subsequent regression analysis, because although a Cholaemia 

index diagnosis was a potential variable for inclusion in our algorithm, there turned out to be no cases 

with Cholaemia as an index diagnosis. We omitted to specify how we handled variables such as this 

in our original methods section and have updated the second paragraph of the statistical methods 

accordingly, so that it now reads: “Using the training dataset, the potential CPRD explanatory 

variables were tabulated against case status. CPRD explanatory variables that perfectly predicted 

multidatabase definite-possible case status (i.e. 100% of the individuals in one of the binary 

categories of the potential explanatory variable were cases) were removed from subsequent 

univariable and multivariable analysis, as were any variables with zero individuals within any 

category. Univariable analysis was then performed.”  

 

Furthermore, the first paragraph of the CPRD algorithm development section in the results has been 

updated to state: “Liver test result status was shown to perfectly predict multidatabase case status i.e. 

all of those with CPRD cholestatic liver test results were classified as cases, while no individuals with 

an index diagnosis of Cholaemia were classified as cases. These variables were therefore not 

considered for subsequent univariable or multivariable analysis.”  

The footnotes of Supplementary data table 8 have also been updated.  

 

 

 

-------Response to comment (2)(c)------  

We made a decision to model these as binary separate variables when selecting potential explanatory 

variables for the algorithm in order to keep them as discrete as possible and maximise their 

applicability, independent of the underlying data.  
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For example, if in the data we had found that there were no (or very few) people with “no referrals”, 

having an ordered categorical variable for referrals as you illustrate would have meant that as well as 

no information being provided by the non-liver referral category, no information would be provided by 

the liver referral (group 3) or the liver referral (group 1 or 3) category due to a lack of baseline data. In 

contrast, with separate binary variables, if you had a population within which everybody had a referral, 

you would still be able to obtain potentially useful algorithm score information from separate variables 

assessing (1) whether there were any liver referrals and (2) whether any of the liver referrals were 

group 1 or 2.  

 

We have added a footnote to table 6 of the supplementary data that hopefully clarifies this design 

decision.  

 

MINOR COMMENTS  

1. Table has been updated  

2. This has been corrected (should be 2470). We also noticed that the number of people in the 

None|not cholestatic category of the CPRD liver test result variable was incorrectly specified as 492, 

this has been updated to 494 in both tables.  

3. All updated  

4. Yes, updated  

5. Have now removed  

6. Added to end of Statistical analysis section of methods 

 

VERSION 2 – REVIEW 

REVIEWER Rosie Cornish 
University of Bristol, UK 

REVIEW RETURNED 06-Jun-2016 

 

GENERAL COMMENTS It is now much clearer what has been done and why. I have no 
further comments. 
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