
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 
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are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 
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VERSION 1 - REVIEW 

REVIEWER Riccardo Marioni 
University of Edinburgh, UK 
 
None declared. I consulted a colleague, Dr. Stuart J Ritchie 
(University of Edinburgh), who helped to write the review. 

REVIEW RETURNED 29-Apr-2016 

 

GENERAL COMMENTS The paper by Nevado-Holgado et al. presents cross-sectional 
associations between prescribed drugs and cognitive ability in the 
UK Biobank study. Overall, I think that the paper is nicely written and 
that the findings will be of interest to the readership of BMJ Open.  
 
I have a few comments:  
 
1. I found the statistical reporting hard to follow. The authors' report 
the mean effects followed by 1.96*SE. I think it would be easier for 
the reader if they reported either mean and SE or mean [lowerCI, 
upperCI].  
 
2. Related to my point above, I wonder if something needs to be 
done about the scale for reaction time. It is strange to see CIs of 
zero.  
 
3. I think the paper would be clearer if the memory and reaction time 
variables were reverse coded for the figures and results sections i.e. 
higher scores on all tests correspond to better performance.  
 
4. Is there any information available on the duration and dosage of 
the prescribed drugs? For example, there may well be dose - 
response factors that need to be considered.  
 
5. More details are required to explain how covariates were selected 
(top 10 diagnoses and medications). What sort of modelling was 
used for this and how many possible diagnoses were considered? 
Were these models adjusted for age and sex? There is a typo on 
line 9 of page 5 at the end of the sentence "linear model.t."  
 
6. Were factors such as income modelled as ordered factors?  
 
7. Why was an effect size of 0.25 selected for the power calculation?  
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8. Results, paragraph 1: It is stated that there are 71 medicines with 
significant effects (Figure 1) but that there were non-significant 
differences for 262 of 368 medicines. These numbers do not add up. 
Also, this sentence should not talk about cognitive "changes" as the 
analyses are cross-sectional. Use the term “differences” instead.  
 
9. Were any of the UK Biobank participants suffering from dementia 
or other diseases that might affect cognitive function? Related to 
comment number (5), it might be nice to write out in detail, which 
covariates (medications and diagnoses) were identified for some of 
the anti-psychotic, Parkinson's, and anti-epileptic drugs. There are 
small typos for "antipychotic" and “classs” in lines 32 and 33 of page 
6, respectively.  
 
10. There needs to be some comment on the quality of the cognitive 
measures. For example, the test-retest reliability of the memory 
measure is low (0.15 as reported in Davies et al. PMID 27046643) 
and reaction time was based on a small number of trials (also 
discussed in the Davies paper). None of the measures are based on 
latent variable modelling, as in more optimal cognitive batteries, and 
are thus subject to substantial test-specific measurement error. That 
a full cognitive battery was not used is of course understandable 
given the large-scale nature of UK Biobank, but the weaknesses of 
the tests should still be highlighted for the reader.  
 
11. On p.7 the authors write: “Of particular interest would be 
longitudinal data demonstrating an impact of medication on cognitive 
change.” But longitudinal data alone cannot “demonstrate an impact” 
– it is just as correlational as the cross-sectional data in the present 
study. Relatedly, in the final paragraph of page 7, the authors should 
make a clearer statement of the lack of causal power in their study: 
after the part where they say that there is a “possibility that some 
drugs may have hitherto unsuspected negative effects on cognition”, 
they should note again that their study is not able to test whether this 
is the case. Unfortunately there is considerable danger for 
misinterpretation here (either by other scientists or by the 
media/public), and the authors should do their very best to anticipate 
and counter it.  
 
12. Throughout the paper (and in the title) the authors use the term 
“cognition”. In actual fact, they are measuring “cognitive ability” or 
“cognitive function”, and should use either of these terms instead.  

 

REVIEWER Freda Patterson 
University of Delaware, United States of America 

REVIEW RETURNED 05-May-2016 

 

GENERAL COMMENTS The authors present a succinct examination of the association 
between the use of 368 medications and cognitive performance in a 
population sample. As the authors point out, given the aging 
population, understanding this association has the potential to 
counter disorders of cognitive decline. While the results were mostly 
null, some drugs indicated for nervous system disorders were 
associated with poorer cognition. Some anti-inflammatory agents 
showed a positive association with cognition. While these data have 
some interest, that the cognition scores all fell in the normal range 
would seem to limit the implications of these data. Additional points 
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of feedback are itemized below.  
 
 
Introduction  
1. A primary tenant of the study rationale (as presented) is that 
among the plethora of available medications, it would be beneficial 
to determine if any would have potential off-label therapeutic value 
for ameliorating cognitive decline. With that premise, were any of the 
medications examined indicated for cognition (e.g., Provigil)? The 
authors are very clear about the adjustment for the 10-medicaitons 
that co-occurred with the medication of interest - but it would also be 
important to adjust for the use of labeled cognitive-enhancing 
medications.  
 
2. While it is understood that the current study is a secondary 
analysis, even a brief justification for why memory, verbal-numerical 
reasoning and reaction time are appropriate cognitive performance 
indicators would be beneficial to the conceptual reasoning for this 
study.  
 
Methods  
3. It would be helpful to add a citation to show the validity of each of 
the performance measures used for the cognitive tests.  
 
4. Was substance use, including alcohol and tobacco, considered? 
Given the effects of smoking and excessive alcohol use on 
cognition, consideration of these variables would be important.  
 
Results  
5. How did the participants excluded from the analysis differ to those 
included? What was the prevalence of medication use? Were there 
demographic differences in medication use?  
 
Discussion  
6. As mentioned in the opening paragraph, since the cognitive 
performance test results were within the normal range, a more 
compelling case for the implications of the associations reported is 
needed.  
 
In several instances, language is used that implies causality (e.g., 
"significant changes in any of the cognitive tests"), please correct. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

 

Reviewer Name  

Riccardo Marioni  

 

Institution and Country  

University of Edinburgh, UK  

 

Please state any competing interests or state ‘None declared’:  

 

None declared. I consulted a colleague, Dr. Stuart J Ritchie (University of Edinburgh), who helped to 

write the review.  

Please leave your comments for the authors below  
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The paper by Nevado-Holgado et al. presents cross-sectional associations between prescribed drugs 

and cognitive ability in the UK Biobank study. Overall, I think that the paper is nicely written and that 

the findings will be of interest to the readership of BMJ Open.  

 

I have a few comments:  

 

1. I found the statistical reporting hard to follow. The authors' report the mean effects followed by 

1.96*SE. I think it would be easier for the reader if they reported either mean and SE or mean 

[lowerCI, upperCI].  

-> Following this recommendation, now mean [lower 95%CI, upper 95%CI] has been used throughout 

the manuscript.  

 

 

2. Related to my point above, I wonder if something needs to be done about the scale for reaction 

time. It is strange to see CIs of zero.  

-> This has been addressed, and now there is no confidence interval of zero.  

 

 

3. I think the paper would be clearer if the memory and reaction time variables were reverse coded for 

the figures and results sections i.e. higher scores on all tests correspond to better performance.  

-> Scales for effects in memory and reaction times have been reversed. Now for all three cognitive 

tests, negative values mean poor cognitive performance and vice versa. Notes for this have been 

added to relevant sections in the Abstract, Results and legends of Figure 1 and Supplementary Figure 

1.  

 

 

4. Is there any information available on the duration and dosage of the prescribed drugs? For 

example, there may well be dose - response factors that need to be considered.  

-> Duration and dosage of medication would have helped our analysis, but this information was not 

collected by the UK biobank. The only information available for medication is a binary variable of 

whether the medication was taken regularly or not. Further details can be found at the following UK 

biobank website. http://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=100075  

 

 

5. More details are required to explain how covariates were selected (top 10 diagnoses and 

medications). What sort of modelling was used for this and how many possible diagnoses were 

considered? Were these models adjusted for age and sex? There is a typo on line 9 of page 5 at the 

end of the sentence "linear model.t."  

-> An odds ratio without age and sex adjustment was used, and 278 diagnoses were considered. The 

top 10 odds ratio tables for diagnosis and medication are now provided as supplementary tables. 

These details have been added to the first paragraph in the Methods/Statistical analyses sectuib. The 

typo has been corrected accordingly.  

 

 

6. Were factors such as income modelled as ordered factors?  

-> No, they were treated as nominal scales due to non-ordinal options. The income variable had 

options such as ‘do not know’ and ‘prefer not to answer’. The education variable had options such as 

‘none of the above’, ‘prefer not to answer’ and ‘professional qualifications only’. This has been added 

to the end of the first paragraph in the Methods/Statistical analyses section.  

 

 

7. Why was an effect size of 0.25 selected for the power calculation?  
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-> We chose 0.25 as a reasonable effect size, reflecting what might be considered clinically 

meaningful. Others have used similar effect sizes (e.g. Cohen J, 1988, Statistical power analysis for 

the behavioural sciences, 2nd edition; and recent papers e.g. JW Kotrlik, HA Williams, 2003, 

Information Technology, Learning and performance J v. 21).  

 

8. Results, paragraph 1: It is stated that there are 71 medicines with significant effects (Figure 1) but 

that there were non-significant differences for 262 of 368 medicines. These numbers do not add up. 

Also, this sentence should not talk about cognitive "changes" as the analyses are cross-sectional. Use 

the term “differences” instead.  

-> Figure 1 shows the effect sizes of ‘selected’ 32 medications and 31 higher medication classification 

categories (e.g. amlodipine as a medication and calcium channel blockers as a higher category). 

Some non-significant ones were also presented if they were thought to be informative as comparisons 

to significant ones. As a result, the number did not add up. The first paragraph in the Results section 

has been changed to make this clear.  

We have changed the wording from ‘change’ to ‘difference’ throughout; it’s a good point, thank you.  

 

 

9. Were any of the UK Biobank participants suffering from dementia or other diseases that might 

affect cognitive function? Related to comment number (5), it might be nice to write out in detail, which 

covariates (medications and diagnoses) were identified for some of the anti-psychotic, Parkinson's, 

and anti-epileptic drugs. There are small typos for "antipychotic" and “classs” in lines 32 and 33 of 

page 6, respectively.  

-> There were participants with neurological or psychiatric disorders which might affect cognitive 

function, e.g. dementia/Alzheimers/cognitive impairment (N=138), Parkinson’s disease (N=925), 

epilepsy (N=4237), depression (N=30722) and schizophrenia (N=637). In the analysis, these 

diagnoses were identified as covariates and adjusted e.g. schizophrenia was adjusted as one of top 

10 comorbidities of risperidone, epilepsy was adjusted as one of top 10 comorbidities of topiramate. 

We added these top 10 covariant matrixes as supplementary data. The typos have been corrected.  

 

 

10. There needs to be some comment on the quality of the cognitive measures. For example, the test-

retest reliability of the memory measure is low (0.15 as reported in Davies et al. PMID 27046643) and 

reaction time was based on a small number of trials (also discussed in the Davies paper). None of the 

measures are based on latent variable modelling, as in more optimal cognitive batteries, and are thus 

subject to substantial test-specific measurement error. That a full cognitive battery was not used is of 

course understandable given the large-scale nature of UK Biobank, but the weaknesses of the tests 

should still be highlighted for the reader.  

-> In the Methods section, papers including validation of the UK biobank cognition tests have been 

cited as reference (i.e. Lyall et al, Davies et al and Hagenaars et al). Also in the first paragraph of the 

Results section, we have added the test-retest correlation scores. However, that a test with a low test-

retest correlation is also sensitive to detecting differences according to medication does not indicate a 

spurious association. Latent variable modelling is useful in the context of identifying underlying 

cognitive ability and can be considered to ameliorate test-specific error. However, the analysis is then 

dependent on the latent variable identified. In this analysis we focussed on specific cognitive domains, 

however, imperfectly measured. Again we have noted these limitations of the UK biobank cognitive 

tests in the last part of the Discussion.  

 

 

11. On p.7 the authors write: “Of particular interest would be longitudinal data demonstrating an 

impact of medication on cognitive change.” But longitudinal data alone cannot “demonstrate an 

impact” – it is just as correlational as the cross-sectional data in the present study. Relatedly, in the 

final paragraph of page 7, the authors should make a clearer statement of the lack of causal power in 
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their study: after the part where they say that there is a “possibility that some drugs may have hitherto 

unsuspected negative effects on cognition”, they should note again that their study is not able to test 

whether this is the case. Unfortunately there is considerable danger for misinterpretation here (either 

by other scientists or by the media/public), and the authors should do their very best to anticipate and 

counter it.  

-> The reference to future longitudinal analyses has been withdrawn. We have addressed the 

reviewer’s concern by adding a statement suggested in the last part of the Discussion section.  

 

12. Throughout the paper (and in the title) the authors use the term “cognition”. In actual fact, they are 

measuring “cognitive ability” or “cognitive function”, and should use either of these terms instead.  

-> The word “cognition” has been changed as suggested throughout the manuscript, including the 

title.  

   

 

 

 

Reviewer: 2  

 

Reviewer Name  

Freda Patterson  

 

Institution and Country  

University of Delaware, United States of America  

 

Please state any competing interests or state ‘None declared’:  

None Declared  

 

Please leave your comments for the authors below  

The authors present a succinct examination of the association between the use of 368 medications 

and cognitive performance in a population sample. As the authors point out, given the aging 

population, understanding this association has the potential to counter disorders of cognitive decline. 

While the results were mostly null, some drugs indicated for nervous system disorders were 

associated with poorer cognition. Some anti-inflammatory agents showed a positive association with 

cognition. While these data have some interest, that the cognition scores all fell in the normal range 

would seem to limit the implications of these data. Additional points of feedback are itemized below.  

 

 

Introduction  

1. A primary tenant of the study rationale (as presented) is that among the plethora of available 

medications, it would be beneficial to determine if any would have potential off-label therapeutic value 

for ameliorating cognitive decline. With that premise, were any of the medications examined indicated 

for cognition (e.g., Provigil)? The authors are very clear about the adjustment for the 10-medicaitons 

that co-occurred with the medication of interest - but it would also be important to adjust for the use of 

labeled cognitive-enhancing medications.  

-> Modafinil (Provigil) was not included in our analysis as the number of regular users was less than 

125, which was our threshold from power calculation (see the Methods section). The same applied to 

other psychostimulants/nootropics category drugs by the Anatomical Therapeutic Chemical (ATC) 

classification, such as amphetamine and methylphenidate with even less than 30. This is expected in 

the UK population where cognitive-enhancement is not part of routine clinical practice. However, we 

accept that some medications might be used off-label nonetheless, and so we have repeated the 

analysis while including the full “psychostimulants/nootropic” ATC category as an extra covariant in all 

models. No major changes were observed in the results after adding this extra variable. In the revised 
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manuscript we now present a linear model including (in addition to all the original variables) 

covariates for: use of psychostimulants/nootropics; smoking; and alcohol status.  

 

 

2. While it is understood that the current study is a secondary analysis, even a brief justification for 

why memory, verbal-numerical reasoning and reaction time are appropriate cognitive performance 

indicators would be beneficial to the conceptual reasoning for this study.  

-> These tests cover domains that have been shown to be sensitive to change over time and are 

widely used in studies of ageing and brain disorders. This rationale has been added in the first 

paragraph of the Methods/Outcome and measures section.  

 

 

Methods  

3. It would be helpful to add a citation to show the validity of each of the performance measures used 

for the cognitive tests.  

-> In the Methods section, we have added citations which include validation of the UK biobank 

cognitive tests (i.e. Lyall et al, Davies et al and Hagenaars et al).  

 

4. Was substance use, including alcohol and tobacco, considered? Given the effects of smoking and 

excessive alcohol use on cognition, consideration of these variables would be important.  

-> As noted above, we have modified our model to include the smoking and alcohol variables.  

 

Results  

5. How did the participants excluded from the analysis differ to those included? What was the 

prevalence of medication use? Were there demographic differences in medication use?  

-> We have added two additional analyses, summarised in supplementary tables S1 and S2. One of 

the tables (S1) systematically measures changes in demographics among users/non-users of drugs 

belonging to each of the anatomical ATC categories. The other table (S2) measures whether drug use 

differs between those subjects participating and not participating in cognitive testing.  

 

Discussion  

6. As mentioned in the opening paragraph, since the cognitive performance test results were within 

the normal range, a more compelling case for the implications of the associations reported is needed.  

-> Neither we, nor the reviewer of course, would want to make a case beyond that which the data 

sustains. We have tried to be careful in the discussion not to do this; the findings we present are of 

modest differences in cognition between those on some drugs and those not on drugs, despite taking 

into account, as far as we are able, the underlying diseases that the drugs are prescribed for. We 

think that these findings will be of interest to the scientific and medical communities – as the reviewers 

themselves note and we have added a section to the discussion to encompass this.  

 

7. In several instances, language is used that implies causality (e.g., "significant changes in any of the 

cognitive tests"), please correct.  

-> Wordings implying causality have been changed throughout the manuscript, e.g. “changes” to 

“differences” and “effect” to “association”. 

VERSION 2 – REVIEW 

REVIEWER Riccardo Marioni 
University of Edinburgh 

REVIEW RETURNED 13-Jul-2016 

 

GENERAL COMMENTS I thank the authors for their responses to my comments. I have 

 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-2016-012177 on 30 N

ovem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


made a few additional points based on their replies.  
 
### previous comment and response ###  
2. Related to my point above, I wonder if something needs to be 
done about the scale for reaction time. It is strange to see CIs of 
zero.  
-> This has been addressed, and now there is no confidence interval 
of zero.  
 
### new reviewer comment ###  
There are no units for the effect sizes in the abstract.  
 
### previous comment and response ###  
4. Is there any information available on the duration and dosage of 
the prescribed drugs? For example, there may well be dose - 
response factors that need to be considered.  
-> Duration and dosage of medication would have helped our 
analysis, but this information was not collected by the UK biobank. 
The only information available for medication is a binary variable of 
whether the medication was taken regularly or not. Further details 
can be found at the following UK biobank website. 
http://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=100075  
 
 
### new reviewer comment ###  
It would be helpful to have more detail in the responses to indicate if 
the details mentioned have been included in the updated text. I can't 
find any information to note the limitation above. Please could you 
add something on this.  
 
 
### new reviewer comment ###  
Please check the ms for typos. For example, page 16, line 57: "and 
a range [of] demographic...." 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: 1  

 

Reviewer Name  

Riccardo Marioni  

 

Institution and Country  

University of Edinburgh, UK  

 

Please state any competing interests or state ‘None declared’:  

None  

 

Please leave your comments for the authors below  

I thank the authors for their responses to my comments. I have made a few additional points based on 

their replies.  

 

### previous comment and response ###  

2. Related to my point above, I wonder if something needs to be done about the scale for reaction 

time. It is strange to see CIs of zero.  

-> This has been addressed, and now there is no confidence interval of zero.  

 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-2016-012177 on 30 N

ovem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


### new reviewer comment ###  

There are no units for the effect sizes in the abstract.  

 

-> The units for cognitive tests are now indicated in the abstract.  

 

 

### previous comment and response ###  

4. Is there any information available on the duration and dosage of the prescribed drugs? For 

example, there may well be dose - response factors that need to be considered.  

-> Duration and dosage of medication would have helped our analysis, but this information was not 

collected by the UK biobank. The only information available for medication is a binary variable of 

whether the medication was taken regularly or not. Further details can be found at the following UK 

biobank website. http://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=100075  

### new reviewer comment ###  

It would be helpful to have more detail in the responses to indicate if the details mentioned have been 

included in the updated text. I can't find any information to note the limitation above. Please could you 

add something on this.  

 

-> The details have been added to the Method section as below “Duration and dosage of the 

medications were not collected by UK Biobank and hence not available for analysis.”  

 

 

### new reviewer comment ###  

Please check the ms for typos. For example, page 16, line 57: "and a range [of] demographic...."  

 

-> Typos have been carefully corrected throughout the manuscript. 
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