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GENERAL COMMENTS Overview  
The general aim of this paper, to estimate the relevant contribution 
of practice versus provider level variation in potentially inappropriate 
NSAID prescribing, is novel and interesting. Broadly speaking, the 
data source and methods are appropriate, though some 
modifications/additions would enhance the confidence in the 
authors' main findings.  
 
Major comments  
1. I suggest that this manuscript undergo expert statistical review. 
The principal finding concerns the estimation of variance explained 
by GP vs. practice levels in a hierarchical model. My understanding 
from past discussions with statisticians is that there is debate about 
the most appropriate approach to estimating these proportions when 
the dependent variable is binary (as is the case in the current 
manuscript). The ICC approach used by the authors is one option, 
but it is beyond my expertise to know whether this is the right choice, 
given the data source and methods applied. Thus, I feel that a 
statistical review would be appropriate since the key finding of the 
paper hinges on accurate estimation of these parameters.  
 
2. I have serious reservations about the encounter level analysis 
because a given patient could only have one encounter encoded for 
high risk NSAID use, and all encounters afterward for that patient 
were excluded. I understand why the authors applied this exclusion, 
but it could cause any number of unpredictable effects on the 
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modeling findings. Since the authors are chiefly interested in the 
practice and GP level effects, it is not absolutely necessary that they 
use encounter level data. A patient level analysis would suffice, and 
should provide similar findings if the aforementioned problem with 
excluding encounters after NSAID exposure is not a major issue. 
That said, if the patient level analysis yielded different findings than 
the encounter level analysis than I would have much more 
confidence in the patient level model. I only see two reasons to 
conduct an encounter level analysis: (a) to report the proportion of 
variance explained at the patient level, which the authors do no 
report so that shouldn’t be an issue; (b) to adjust for encounter level 
variables. The latter the authors are interested in and do adjust for 3 
encounter level variables in their model. Weighing what is gained 
versus lost by doing this analysis at the patient versus encounter 
levels, it seems pretty clear that the patient level analysis would be 
the more appropriate choice. At a minimum, the authors should 
perform a sensitivity analysis at the patient level to determine the 
impact on their main finding concerning the relative proportion of 
practice vs. provider variation. Some of the encounter level variables 
could be recoded and adjusted for as patients level variables.  
 
3. Related to the prior comment, the authors should be more linear 
and explicit in their presentation of the methods. For example, the 
end of the first methods paragraph presents the definition of NSAID 
initiation using the term “individuals particularly vulnerable to 
NSAIDs” (p5, line42) but this isn’t defined until the next paragraph. 
The first sentence of methods paragraphs 2 and 3 basically repeat 
the same information. Paragraph 3 states that there are 5 risk 
factors, yet there are only 3 listed in paragraph 2; unless prescribing 
of aspirin, clopidogrel or an oral anticoagulant are each counted 
separately. But if so, this is not at all clear. Also, what drugs did the 
authors consider to be oral anticoagulants in the analysis? This 
should be explicitly stated. Most importantly, over the course of 
methods paragraphs 2 and 3 I was unclear about how the risk factor 
variables were encoded in whatever data the authors are using and 
whether it was (or should be) assessed at the patient vs. encounter 
level. For example, how did the authors know whether a patient was 
taking aspirin at the exact time of the new NSAID prescription? Was 
this based on knowing dates of prescriptions or fill events that were 
strung together over time to determine when a patient was on 
aspirin? Was it based on some sort of current medication list 
attached to a specific encounter? Do we know anything about the 
validity/completeness of the data source for identifying drugs? And 
how were heart failure and peptic ulcer disease ascertained? Based 
just on whether this diagnosis was specified on a given encounter? 
Could a patient have a heart failure code on one encounter, not 
coded on the next, and then coded again on a third encounter? 
Would the analysis then consider the patient to have heart failure on 
the first visit, cured during the second, but then suddenly restart 
heart failure on the third visit? It looks like each encounter was either 
included or excluded as an independent event based on these 
codes, rather than by selecting patients first and then including all 
encounters for that patient. If so, this strange process for selecting 
encounters, rather than selecting patients, could have unpredictable 
effects of the main findings. Together, relating back to comment #2, I 
would have much more confidence in a patient level analysis, and 
doing this as a sensitivity analysis to confirm the validity of the main 
findings from the current encounter level analysis seems necessary.  
 
Minor comments  
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1. I suggest the authors consider whether two figures are necessary. 
Figure 2 is identical to Figure 1 except for the addition of strata 
related to deviations from average for GP and practice. But all 
information demonstrated in Figure 1 is also represented in Figure 2. 
So it seems that Figure 1 is arguably superfluous.  
 
2. The description of the criterion for determining new NSAID use is 
ambiguous. Does “the previous 12 months” (page 5, line 45) refer to 
the 12 month calendar period prior to 2006 (i.e. no NSAID use 
during 2005)? Or does it refer to the 12 months prior to each specific 
encounter? For example, an encounter on Jan 1, 2006 would use 
the look-back period of Jan 1, 2005 to Dec 31, 2005; whereas an 
encounter on July 1, 2006 would use the look-back period of July 1, 
2005 to June 30, 2006. I am inferring from context that it is probably 
the latter, but this is not clear because the methods are not currently 
presented in a sufficiently organized and linear fashion (see major 
comment #3).   

 

REVIEWER Hannah Hesselgreaves 
University of Glasgow  
UK 

REVIEW RETURNED 29-Jun-2015 

 

GENERAL COMMENTS This is an interesting manuscript with useful conclusions. Most 
notable is the recommendation that research about risk should not 
seek out those practices known to have higher than average risky 
prescribing, but should include all eligible practices.  
 
The authors have been thorough in addressing the many limitations 
of data and data source. It is disappointing that the study cannot 
determine more mechanisms or explanatory variables (e.g. years 
served as a GP, years in that practice, locum/trainee status etc). As 
the authors acknowledge, this renders the paper largely descriptive 
in its quantification of variation.  
 
However, I found it distracting that the practices were selected 
based on their contribution to “a national morbidity dataset and had 
received both training and financial support to maintain high quality 
data” but that the authors discussed none of the potential 
unintended consequences of this selection. Although these 
selections of practices the authors believe have provided higher 
quality information, there was no consideration of the effects of “both 
training and financial support” to gather and record this information. 
For example, taken together or separately, such practices could be 
more likely to engage in lower-risk practices (especially given only 
1.1% of encounters resulted in a high risk prescription). While 
surprisingly, no structural practice differences were found to explain 
variation, I consider this selection factor is one known such factor 
that the authors cannot control for or assess the potential of bias 
because they did not attempt to find comparable information from 
practices not engaged in the population of such a dataset.  
 
Finally, although the authors briefly discuss possible knowledge 
issues as explanations for variation, there tended to be thresholds 
for risk-related prescribing: less common initiation for older patient 
groups, and fewer initiations for those with 11 or over repeats. I 
wonder whether these findings suggest that GPs are aware of risks 
but perhaps are less aware of complications or problems occurring 
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in borderline cases. Some of this detail may be unknown with the 
data available, but I wondered whether, with a more detailed 
breakdown of risk factors (e.g. age not just above 75) a fuller 
discussion of how to make sense of these findings may provider 
further inspiration for future research.  
 
Final point on ethics – is a reference number for the previous 
approval required? 

 

REVIEWER Dr Marie Bismark 
University of Melbourne, Australia 

REVIEW RETURNED 19-Jul-2015 

 

GENERAL COMMENTS Thank you for the opportunity to review this interesting and well-
designed study. The paper adds to the evidence that - while systems 
factors are clearly important in improving healthcare - the 
significance of individual variation should not be overlooked.  
 
I note that the data used in this study is nearly 10 old, which speaks 
to the need for the sector as a whole to improve the timely 
availability of high quality health services data for analysis.  
 
The finding that male GPs are more likely to engage in high-risk 
prescribing is interesting, and appears to persist even after 
controlling for patient volumes. I would have liked to see some 
discussion of possible causes and confounders driving this result.  
 
In the tables the authors may wish to clarify that age refers to the 
age of patients, not GPs.  
 
I recommend the paper for publication.  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1 (Brian C. Lund)  
Overview  
The general aim of this paper, to estimate the relevant contribution of practice versus provider level 
variation in potentially inappropriate NSAID prescribing, is novel and interesting. Broadly speaking, 
the data source and methods are appropriate, though some modifications/additions would enhance 
the confidence in the authors' main findings.  
 
Major comments  
1. I suggest that this manuscript undergo expert statistical review. The principal finding concerns the 
estimation of variance explained by GP vs. practice levels in a hierarchical model. My understanding 
from past discussions with statisticians is that there is debate about the most appropriate approach to 
estimating these proportions when the dependent variable is binary (as is the case in the current 
manuscript). The ICC approach used by the authors is one option, but it is beyond my expertise to 
know whether this is the right choice, given the data source and methods applied. Thus, I feel that a 
statistical review would be appropriate since the key finding of the paper hinges on accurate 
estimation of these parameters.  
 
RESPONSE: The decision to seek further statistical review is of course an editorial one. There are a 
number of ways in which people have examined variation between practices or physicians, many of 
which ignore clustering and therefore tend to overestimate variation. The approach we have taken 
(multilevel modelling) is widely recognised as appropriate for data of this nature, and the most recent 
systematic review on this topic (http://www.ncbi.nlm.nih.gov/pubmed/20057334) chose to only include 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-008270 on 6 N

ovem
ber 2015. D

ow
nloaded from

 

http://bmjopen.bmj.com/


studies using this type of method for that reason. We therefore believe our approach is reasonable.  
 
2. I have serious reservations about the encounter level analysis because a given patient could only 
have one encounter encoded for high risk NSAID use, and all encounters afterward for that patient 
were excluded. I understand why the authors applied this exclusion, but it could cause any number of 
unpredictable effects on the modeling findings. Since the authors are chiefly interested in the practice 
and GP level effects, it is not absolutely necessary that they use encounter level data. A patient level 
analysis would suffice, and should provide similar findings if the aforementioned problem with 
excluding encounters after NSAID exposure is not a major issue. That said, if the patient level 
analysis yielded different findings than the encounter level analysis than I would have much more 
confidence in the patient level model. I only see two reasons to conduct an encounter level analysis: 
(a) to report the proportion of variance explained at the patient level, which the authors do no report 
so that shouldn’t be an issue; (b) to adjust for encounter level variables. The latter the authors are 
interested in and do adjust for 3 encounter level variables in their model. Weighing what is gained 
versus lost by doing this analysis at the patient versus encounter levels, it seems pretty clear that the 
patient level analysis would be the more appropriate choice. At a minimum, the authors should 
perform a sensitivity analysis at the patient level to determine the impact on their main finding 
concerning the relative proportion of practice vs. provider variation. Some of the encounter level 
variables could be recoded and adjusted for as patients level variables.  
 
RESPONSE: We disagree that it is not absolutely necessary to use encounter level data, because the 
model proposed by the reviewer isn’t feasible. The issue is that the prescribing examined happens in 
encounters, but GPs encounter many patients and patients encounter many GPs, reflecting that in 
the UK patients are not uniquely assigned to one GP because registration is with the practice not with 
the individual. This means that patients are not neatly clustered within GPs who are neatly clustered 
within practices. It therefore isn’t possible to fit a strictly hierarchical model that contains both GPs 
and patients, which is what we believe the reviewer means by a patient-level analysis (although it is 
straightforward to fit such a model of patients within practices, since that is strictly hierarchical, but 
that model then cannot account for variation between GPs within practices). The model structure that 
can account for that complexity is the cross-classified one that we tried to fit, where the outcome is 
appropriately measured at encounter level, encounters are cross-classified between GPs and patients 
(ie the model is not hierarchical) and all are clustered within practices. However, as already explained 
in the methods, the model would not converge as is often the case in the face of such complexity. 
The model we have is therefore the only feasible one that allows us to explore GP and practice 
effects. We have added some text to the start of the statistical methods section to clarify this.  
 
“In the UK, patients are only allowed to be permanently registered with one practice at a time, but 
since registration is with the practice rather than an individual GP, they can and do see multiple GPs. 
The outcome being examined happens in encounters between GPs and patients, but patients 
typically encounter several GPs and GPs encounter many patients. This means that there is no neat 
hierarchical clustering of patients with GPs within practices.”  
 
3. Related to the prior comment, the authors should be more linear and explicit in their presentation of 
the methods. For example, the end of the first methods paragraph presents the definition of NSAID 
initiation using the term “individuals particularly vulnerable to NSAIDs” (p5, line42) but this isn’t 
defined until the next paragraph (response – moved, see full response and new text below). The first 
sentence of methods paragraphs 2 and 3 basically repeat the same information. Paragraph 3 states 
that there are 5 risk factors, yet there are only 3 listed in paragraph 2; unless prescribing of aspirin, 
clopidogrel or an oral anticoagulant are each counted separately (response –clarified to make the five 
more explicit ). But if so, this is not at all clear. Also, what drugs did the authors consider to be oral 
anticoagulants in the analysis? This should be explicitly stated (response - listed). Most importantly, 
over the course of methods paragraphs 2 and 3 I was unclear about how the risk factor variables 
were encoded in whatever data the authors are using and whether it was (or should be) assessed at 
the patient vs. encounter level. For example, how did the authors know whether a patient was taking 
aspirin at the exact time of the new NSAID prescription? Was this based on knowing dates of 
prescriptions or fill events that were strung together over time to determine when a patient was on 
aspirin? (response – we have clarified the definition of co-prescription in the revised methods) Was it 
based on some sort of current medication list attached to a specific encounter? Do we know anything 
about the validity/completeness of the data source for identifying drugs? (response – we have added 
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a sentence to the first paragraph of methods about the dataset detailed below) And how were heart 
failure and peptic ulcer disease ascertained? Based just on whether this diagnosis was specified on a 
given encounter? Could a patient have a heart failure code on one encounter, not coded on the next, 
and then coded again on a third encounter? Would the analysis then consider the patient to have 
heart failure on the first visit, cured during the second, but then suddenly restart heart failure on the 
third visit? It looks like each encounter was either included or excluded as an independent event 
based on these codes, rather than by selecting patients first and then including all encounters for that 
patient. If so, this strange process for selecting encounters, rather than selecting patients, could have 
unpredictable effects of the main findings (response – this is incorrect, patients are included if they 
have ever had peptic ulcer or heart failure recorded; we have revised the methods to make this clear). 
Together, relating back to comment #2, I would have much more confidence in a patient level 
analysis, and doing this as a sensitivity analysis to confirm the validity of the main findings from the 
current encounter level analysis seems necessary (response – as explained above, this model is not 
possible given the data structure).  
 
RESPONSE: We thank the reviewer for helping us clarify the methods section, and have substantially 
revised it as follows:  
 
Firstly, we have added a sentence to the first paragraph of methods/dataset to clarify that the 
practices used their electronic medical record to record morbidity and create prescriptions, and that 
UK GPs issue almost all community-dispensed prescriptions.  
 
“Like almost all UK general practices, these practices all used an electronic medical record which 
included data on morbidity (recorded as Read Codes which is the universally used coding system for 
this purpose in the UK), demography and prescribing. Patients are only allowed to be registered with 
one general practice at a time, and that practice has responsibility for all community prescribing 
including that recommended by hospital specialists who only ever directly prescribe a small number of 
drugs for community use such as some cytotoxic agents.”  
 
Secondly, we have created a new paragraph to define the outcome measure more clearly 
(clarification and reordering of existing text):  
 
“The outcome examined was the issuing of a one-off oral NSAID prescription to an individual 
particularly vulnerable to NSAID ADEs who had not had an oral NSAID prescription in the 12 months 
before each encounter examined. Oral NSAIDs were defined as all oral preparations of drugs listed in 
BNF chapter 10.1.1 (which does not include aspirin) [17]. Patients were defined as particularly 
vulnerable to NSAID ADEs at the time of each encounter if one or more of five criteria was present: 
aged 75 years and older on or before the encounter date; Read Code for peptic ulcer ever recorded 
on or before the encounter date; Read Code for heart failure ever recorded on or before the 
encounter date; co-prescribed aspirin or clopidogrel at the time of the encounter; or co-prescribed an 
oral anticoagulant at the time of the encounter (warfarin, aceoncoumarol or phenindione which were 
the only available drugs at the time) [18, 19]. To ensure that the NSAID was truly prescribed to a 
patient taking a relevant drug that increased bleeding risk, co-prescription was defined either as the 
NSAID being prescribed on the same day as aspirin, clopidogrel or an oral anticoagulant, or the 
aspirin, clopidogrel or oral anticoagulant being prescribed in the 84 days before and the 84 days after 
the NSAID prescription. NSAID prescribing for these individuals was clearly stated as to be risky and 
to be avoided in the March 2005 edition of the British National Formulary which is the most commonly 
used source of drug advice by UK prescribers. We therefore assumed that the potential risk of NSAID 
use in such patients was widely known in the time period examined [17]. “  
 
Thirdly, to preserve the sense of other existing text, we have done some other reordering without 
major alteration.  
 
Minor comments  
1. I suggest the authors consider whether two figures are necessary. Figure 2 is identical to Figure 1 
except for the addition of strata related to deviations from average for GP and practice. But all 
information demonstrated in Figure 1 is also represented in Figure 2. So it seems that Figure 1 is 
arguably superfluous.  
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RESPONSE: We agree that there is duplication, but we think there is value in having figure one to 
show the variation that is ‘obvious’ by simply plotting rates (which is what many clinicians and 
managers would do, and then assume that the large apparent variation was meaningful), and then 
having figure 2 to show that statistically significant variation has a more complex picture. The paper 
only has 2 tables and 2 figures, so we think that is reasonable, but if you would like us to remove 
figure 1 we can since it is not critical.  
 
2. The description of the criterion for determining new NSAID use is ambiguous. Does “the previous 
12 months” (page 5, line 45) refer to the 12 month calendar period prior to 2006 (i.e. no NSAID use 
during 2005)? Or does it refer to the 12 months prior to each specific encounter? For example, an 
encounter on Jan 1, 2006 would use the look-back period of Jan 1, 2005 to Dec 31, 2005; whereas 
an encounter on July 1, 2006 would use the look-back period of July 1, 2005 to June 30, 2006. I am 
inferring from context that it is probably the latter, but this is not clear because the methods are not 
currently presented in a sufficiently organized and linear fashion (see major comment #3).  
 
RESPONSE: The first sentence of the revised methods paragraph described above now says:  
 
“The outcome examined was the issuing of a one-off oral NSAID prescription to an individual 
particularly vulnerable to NSAID ADEs who had not had an oral NSAID prescription in the 12 months 
before each encounter examined.”  
 
And the eligible encounter definition at the start of the next paragraph now says:  
 
“An encounter between a patient and GP was eligible for analysis if it occurred between 1st January 
2006 and 31st December 2006 at a time when the patient was permanently registered with the 
practice and the patient was particularly vulnerable to NSAID ADEs at the time of the encounter and 
had not had an NSAID prescribed in the year before the encounter.”  
 
Reviewer: 2 (Hannah Hesselgreaves)  
This is an interesting manuscript with useful conclusions. Most notable is the recommendation that 
research about risk should not seek out those practices known to have higher than average risky 
prescribing, but should include all eligible practices.  
 
The authors have been thorough in addressing the many limitations of data and data source. It is 
disappointing that the study cannot determine more mechanisms or explanatory variables (e.g. years 
served as a GP, years in that practice, locum/trainee status etc). As the authors acknowledge, this 
renders the paper largely descriptive in its quantification of variation.  
 
However, I found it distracting that the practices were selected based on their contribution to “a 
national morbidity dataset and had received both training and financial support to maintain high 
quality data” but that the authors discussed none of the potential unintended consequences of this 
selection. Although these selections of practices the authors believe have provided higher quality 
information, there was no consideration of the effects of “both training and financial support” to gather 
and record this information. For example, taken together or separately, such practices could be more 
likely to engage in lower-risk practices (especially given only 1.1% of encounters resulted in a high 
risk prescription). While surprisingly, no structural practice differences were found to explain variation, 
I consider this selection factor is one known such factor that the authors cannot control for or assess 
the potential of bias because they did not attempt to find comparable information from practices not 
engaged in the population of such a dataset.  
 
RESPONSE: We agree that this is a limitation, and we have acknowledged this in the strengths and 
weaknesses section of the discussion (additional text in italics).  
 
“Data quality depends on how practices use their clinical IT system, although all the practices in this 
analysis contributed to a national morbidity dataset and had received both training and financial 
support to maintain high quality data. However, the use of such practices does potentially limit the 
generalizability of the findings since we do not know how their prescribing compares to other 
practices.”  
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Finally, although the authors briefly discuss possible knowledge issues as explanations for variation, 
there tended to be thresholds for risk-related prescribing: less common initiation for older patient 
groups, and fewer initiations for those with 11 or over repeats. I wonder whether these findings 
suggest that GPs are aware of risks but perhaps are less aware of complications or problems 
occurring in borderline cases. Some of this detail may be unknown with the data available, but I 
wondered whether, with a more detailed breakdown of risk factors (e.g. age not just above 75) a fuller 
discussion of how to make sense of these findings may provider further inspiration for future research.  
 
RESPONSE: We don’t think that finer detail using the data available will add very much to the general 
conclusion, since we can only observe what GPs did rather than why they did it. We do of course 
agree that understanding decision making in more detail would be very valuable, and have added a 
sentence to the final paragraph of the discussion in regard to this, and to referee three’s comment 
about GP sex below.  
 
“The only GP or practice characteristic associated with high-risk prescribing was GP sex, with male 
GPs being more likely to initiate a high-risk NSAID than female, but whether this relates to different 
casemix beyond what could be controlled for in this study, or greater knowledge gaps about risk and 
benefit of drugs, or greater tolerance of risk by men is uncertain. Research is needed to better 
understand such factors, and how these influence prescribing decisions. For example, although high-
risk NSAID initiation was less common in people with multiple risk factors for NSAID ADEs implying 
that GPs were generally aware of increasing risk, actually understanding how risk and benefit are 
balanced in decision making using appropriate qualitative (eg observation and ‘think-aloud’ 
interviewing) or quantitative (eg discrete choice experiments) methods would be very useful.”  
 
Final point on ethics – is a reference number for the previous approval required?  
 
RESPONSE: Ethics committees only allocate a reference number to studies submitted for full review, 
but historically did not do so when giving permission for use of anonymised datasets generally. There 
is therefore no reference number available.  
 
Reviewer: 3 (Dr Marie Bismark)  
Thank you for the opportunity to review this interesting and well-designed study. The paper adds to 
the evidence that - while systems factors are clearly important in improving healthcare - the 
significance of individual variation should not be overlooked. I note that the data used in this study is 
nearly 10 old, which speaks to the need for the sector as a whole to improve the timely availability of 
high quality health services data for analysis.  
 
The finding that male GPs are more likely to engage in high-risk prescribing is interesting, and 
appears to persist even after controlling for patient volumes. I would have liked to see some 
discussion of possible causes and confounders driving this result.  
 
RESPONSE: See response to referee 2 above.  
 
In the tables the authors may wish to clarify that age refers to the age of patients, not GPs.  
 
RESPONSE: Done  

VERSION 2 – REVIEW 

REVIEWER Hannah Hesselgreaves 
University of Glasgow  
UK 

REVIEW RETURNED 16-Sep-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 
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