
To the Editor:   

We appreciate the opportunity to address the Reviewer’s comments and revise our manuscript. Below, 

please find item-by-item responses to the Reviewer’s comments, which are included verbatim.  All page 

and paragraph numbers refer to locations in the revised manuscript.   

 

 

As mentioned in my first review of this article: (i) the present study focuses on the relationship between 

benzodiazepine use and the risk of dementia and benefits from well-documented data for both 

dementia diagnosis and benzodiazepine exposure as well as from a long follow-up (ii) even if the topic is 

not novel, the study provides quite interesting findings, an extensive and well-balanced discussion and 

opens up new perspectives about the nature of the relationship found by previous studies.  

The manuscript has been significantly altered and the methodology used by the authors appears more 

clearly described. Nevertheless, some methodological options remain questionable and should be 

justified or at least discussed since they might have led to underestimating the association: 

First, as mentioned in my previous review, the exposure definition used was not optimal for capturing 

true “long term users” since the highest exposure category, i.e. 121 TSDDs and over, could include a 

significant part of short-term users or, at least, of “regular” short-term users. Indeed 121 TSDDs 

corresponds to a cumulative exposed time of about 4 months over a 10-year time window; a rather 

short density of exposure. Moreover, these 4 months could be made of several exposure periods of 

some weeks, individual or cumulative exposures being too short to be considered as putatively at risk. 

Even if the statistical power was limited, it would have been interesting to quantify the strength of the 

association for subjects exposed during at least, let’s say, 365 TSDDs.  

Second, an immortal time bias and/or depletion of susceptible bias may also account for a significant, 

although not measurable, part of the results and are still insufficiently discussed. 

Taking these points into account is probably easy for the authors and seems of major importance since 

this well-conducted study concludes in the absence of any association between chronic use of 

benzodiazepines and dementia (the 30% increase in risk being explained by short-term users only), and 

therefore has the great interest of challenging the conclusions of most of the studies conducted so far 

on the topic. Considering its potential impact on public health, the appropriateness of the message 

delivered to prescribers is crucial. For example, concluding, in contradiction with current international 

recommendations, that no excess risk is to be feared for long-term treatments would require checking 

the above-mentioned points and/or a more balanced statement even if the authors have mitigated their 

previous conclusion in that sense.  

The remaining points are detailed below: 

 

MAIN COMMENTS 

 

1. The study design has been clarified but some methodological options remain to be discussed in order 

to avoid putative misinterpretations: 

1.1  Figure 2 suggests that the starting point for measuring exposure was defined from the date of 

outcome (i.e. beginning 11 years before the event and ending one year before). In the Result Section, 

page 10 lines 30 to 32, the authors state that, “table 2 provides participants characteristics by 

cumulative exposure in the 10 years prior to study entry”. These two definitions seem to be 

contradictory. The 10-year window considered (start and ending date) should be clarified since a time-

window exposure starting from the date of the outcome would a priori make reference to a 

retrospective design (e.g. a case-control study) while the study is presented as a cohort follow-up and 



the statistical model used for analyses is typical of a prospective design. This apparent contradiction 

could ensue from my misinterpretation of the protocol used by the authors. However, in both events, a 

clearer definition should be provided.  

 

Response:  We used a time-varying exposure measure in the Cox proportional hazards models.  At each 

time point after baseline, 10 year cumulative exposure is calculated for all individuals remaining in the 

risk set.  For purposes of estimating the parameters in the Cox proportional hazards model, 10 year 

exposure is only required at time points at which a dementia case occurs. However, conceptually, this is 

a time-varying measure that exists at all time points after baseline.  To improve clarity for Figure 2, we 

have changed “event” to “time during f/u”.  We have clarified the legend for figure 2 (page 26) as 

follows: 

 

“At each time point during follow-up, the 10 year cumulative exposure for all participants at risk is 

recalculated by summing all of their benzodiazepine use in the previous 10 years (after excluding the 1 

year immediately prior).”   

 

Table 2 is a descriptive table showing the distribution of variables according to benzodiazepine use in 

the 10 years prior to ACT entry and is not intended to reflect the time-varying exposure definition that 

was used in the statistical models.   

 

1.2  In the event exposure was measured for individuals with and without the outcome, the period used 

for measuring exposure is not described for individuals without dementia. Were these persons censored 

by death, or when leaving the Group Health insurance system, or 10 years after inclusion? In the present 

form of the manuscript, it is hard to state that the period used for measuring exposure was not longer 

for individuals without dementia than for persons with dementia.  

 

Response:  We used the same approach to define exposure for individuals with and without a dementia 

diagnosis, so the time period for measuring exposure was identical for everyone.   We hope this has 

been clarified with the changes in text made in response to 1.1 above.   

With regard to censoring, on page 9, we state: 

“Participants were followed until the earliest of dementia onset, GH disenrollment, or last study visit 

before September 30, 2012. For the AD analysis, we censored participants at the time of the diagnosis of 

any non-AD dementia. “    

 

1.3  The T0 date considered for the survival analysis is not mentioned (inclusion date?, start of 

exposure?).  

 

Response:  We have clarified this on page 9, (first para): 

“Age at study entry was taken as start of follow-up.”   

 

2. Possible immortal and depletion of susceptible biases. 

2.1  I still believe that observing exposure in the 5-10 years preceding inclusion (for a non-mentioned 

part of individuals), and only in individuals free of dementia at inclusion in ACT, was too conservative 

and could convey a sort of immortal time bias. This bias (e.g. selection of individuals with a higher 

resistance to side effects of benzodiazepines since individuals diagnosed with dementia before inclusion 

were excluded) could, at least in part, explain the results observed in “long-term” users.  

 



Response:  Given the clarification in the study design (Comment 1.1 above), we hope that it is now clear 

that our study does not suffer from immortal time bias.  The beginning of follow-up occurred upon 

enrollment into ACT and there is no waiting period (immortal time) during the follow-up in which death 

or the study outcome cannot occur:  Immortal time bias occurs when the study design includes as part 

of follow-up time a “waiting period” that individuals in the treatment or exposed group have to survive 

(be alive and event free at the end) in order to be defined as exposed.   

 

2.2.a   A depletion of susceptible bias could also be possible if benzodiazepines were withdrawn before 

inclusion in patients who were the most sensitive to their side effects; short-term users and non-users 

categories may have included a significant part of these individuals.  

 

If patients entered ACT (did not have dementia), we would be able to determine benzodiazepine use in 

the 10 years prior, even if they had withdrawn use because of increased sensitivity to benzodiazepine 

side effects.  These people would show up in our lowest use groups (not as non-users).   We do agree 

that our non-user group could include some  individuals that in the past did not tolerate 

benzodiazepines because of underlying preclinical AD pathology.  We share this limitation with prior 

studies that have examined benzodiazepine use and dementia  risk (Bilioti de Gage 2014), therefore, it is 

not clear how this potential bias would explain the differences in study results.    Please see response to 

2.2.b for our expanded discussion about depletion of susceptible bias. 

 

2.2.b   The “prevalent user design” made these biases more likely since one can assume that a significant 

proportion of users started their treatment before the T0 of the observation period. I do appreciate the 

paragraph about the “new user design” added in the discussion in reply to my previous suggestion and I 

fully agree with the authors. Nevertheless, the possibility for an immortal time and/or depletion of 

susceptible bias remains and should be discussed further. In that sense, the conclusion of the abstract 

(page 3) and the general discussion (page 17, see comment 5) should be toned down.  

 

Response:  We agree that depletion of susceptible bias could be an issue in our study.  This is an issue 

that we share with other pharmacoepidemiologic studies that rely on databases.  This bias could even 

occur in a new user design especially if researchers are only able to look back 1-3 years to determine 

exclude prevalent use.   Any study of dementia is inherently going to focus on older people, and their 

mid-life exposures are rarely if ever available to the researchers, regardless of the source of the data 

(self report or database).  We have expanded the limitations section regarding this potential bias: 

 

“Like other studies that have examined benzodiazepine use and dementia risk, we are unable to rule out 

bias due to depletion of susceptibles.  The non-user group may include individuals with past 

benzodiazepine use who had experienced acute cognitive adverse events because of underlying 

preclinical dementia pathology, and therefore did not have the opportunity to accumulate higher 

benzodiazepine use.  Other studies suffer from this limitation as well and therefore this potential bias 

does not explain the differences in study results.
8,9

   We are unable to exclude the possibility that within 

the source population, the most susceptible users of benzodiazepines may have developed dementia at 

a younger age and therefore been ineligible for enrollment into ACT, which may have biased our findings 

toward not finding an association.”   

   

We toned down our conclusion in the prior revision as this reviewer suggested. However, at this point 

we do not feel that any further changes would be appropriate.  We feel that our conclusions are 

appropriately cautious, with a discussion of important limitations, and are well supported by our data, 

and so we have not made additional changes to the abstract or general conclusion.  However, if the 



editors feel changes are needed in the abstract and conclusions we would be willing to entertain 

changes in these sections but would prefer not to. 

 

3. Definition of chronic users still does not seem optimal. I maintain the comment from my previous 

review as this point could potentially explain the absence of association found in the group defined as 

“chronic users”. I am aware of the limitations of the database used when intending to perform 

sophisticated analyses but I still believe that the cut-off chosen to define exposure might not capture or 

focus on exposure profiles suspected to be at risk of developing a dementia. Indeed, the cut-off chosen 

by the authors to define chronic use (i.e. >120 TSDD cumulative use during the 10-year observation 

period) is too low and likely to mix chronic users (supposed to be at risk) and sporadic users (not 

supposed to be at risk). This cut-off was adequately chosen by Olfson et al.1 in their recent study to 

define chronic use but it was within a one-year and not a 10-year observation period. Keeping the same 

threshold for a 10-year period is questionable since >120 TSDDs may also correspond to sporadic uses. 

For example, an above suspicion use of 2 weeks per year during 10 years would exceed this threshold. 

 

Response:  As suggested by the reviewer in the general comments above, we have performed a 

sensitivity analysis further dividing our highest exposure category into 121-364 and 365+ TSDDs.  

Compared to non-use, the results are as follows (results for lower exposure groups remained unchanged 

and are not shown): 

 

 Dementia AD 

121-364 1.11 (0.78-1.58) 0.96 (0.64-1.46) 

365+ 1.03 (0.73-1.44) 0.94 (0.64-1.37) 

 

 

This new sensitivity analysis supports the findings from the cubic spline analysis that we included in the 

last revision in response to the committee and reviewers’ comments where we modelled TSDD as a 

continuous variable and found that the HR approached the null  with higher TSDDs (> ~90 TSDDs).  We 

have made a modification in Figures 4A and 4B by extending the x axis to 390 TSDDs so that results for 

higher use could be displayed graphically. 

 

In this and earlier comments, this reviewer repeatedly uses terminology such as “chronic use” and “long 

term use” and indicates that we are attempting to draw conclusions about such use.  We would like to 

point out that we do not use this terminology in the paper. We did not set out to define a group of 

“chronic” or “long term” users.   We are simply identifying people with the heaviest benzodiazepine 

exposure accumulated over a 10 year period – regardless of the pattern by which this exposure was 

accumulated.  We state in the paper there are several different ways (heterogeneous use patterns) 

through which a person could end up in this “heaviest use” category.    

 

4. About time measurement of confounders. By definition, confounders should be ideally measured at 

or before the start of exposure in order to rightly balance the probability of exposure between the 

groups compared. This rule is not always followed, particularly when the follow-up includes prevalent 

users. In the present case, measuring most of putative confounders at study entry seems not 

appropriate since exposure can start 10 years before this date. De facto, the measurement should be 

made earlier, ideally at the start of exposure. I am aware that it could not be feasible but this point 

should at least be evoked in the discussion since it may have influenced the validity of the conclusions.  

 

Response:  We have added the following to the discussion section (page 16):   



 

“Lastly, a strength of this study is the covariate information collected directly from participants about 

characteristics that are not well measured in administrative data (e.g. physical activity; universal and 

standardized assessment of depression.)  A corresponding limitation, however, is that no data on these 

characteristics are available prior to study enrollment, and thus in some cases, covariates were assessed 

after the start of exposure.  If these confounders lie in the causal pathway, this could result in 

overadjustment.  For many of our covariates, we are not aware of evidence to suggest they may be 

consequences of (rather than predictors of) benzodiazepine use (e.g. hypertension, diabetes, coronary 

artery disease).  In addition, our point estimates for the adjusted model were not considerably different 

than the age adjusted models, suggesting that the impact of any of such overadjustment was small.” 

 

5. Points related to the discussion section:   

5.1   Not considering anxiety and insomnia should at least be discussed as it may have an influence on 

the results. Again, these symptoms are highly correlated to both exposure and dementia (prodromes 

and/or risk factors of the disease). 

 

Response:  If these conditions are in fact prodromal symptoms of dementia, then we do not believe it 

would be appropriate to adjust for them.  To avoid reverse causation and focus on the etiologically 

relevant period, it would be preferable to limit exposure measurement to the time period prior to the 

onset of prodromal symptoms, as we have sought to do with our “lag time” of 1 year and in sensitivity 

analyses extending this “lag time” to 2 years.  To address the reviewer’s concerns, we have added the 

following to the limitations section (page 16): 

 

“The nature of the association between neuropsychiatric symptoms (e.g. depression, insomnia and 

anxiety) and dementia risk is unclear and may depend on the timing of the symptoms in relation to the 

diagnosis.   These symptoms occurring in the years just prior to the diagnosis of dementia likely 

represent prodromal symptoms, however, these same symptoms occurring decades or more prior to the 

diagnosis may represent risk factors.
34-36

  We addressed the possibility of benzodiazepine use for 

prodromal symptoms in our analysis, however, we were not able to adjust for anxiety and insomnia as 

risk factors.  We did adjust for depressive symptoms which are strongly correlated with anxiety.  Results 

from a prior study suggest that adjustment for anxiety and insomnia are unlikely to considerably alter 

our findings,
9
 and if anything it would be expected to move our HR closer towards the null.”    

 

5.2  As mentioned above, the possibility of an immortal time or depletion of susceptible bias should be 

at least evoked in the discussion section. 

 

Response:  Please see response to 2.2a and 2.2b. 

 

5.3   In conclusion I think that the final sentence line 11 to 16 “Although benzodiazepines have been 

associated with many adverse health outcomes in older adults, our findings suggest that increased 

dementia risk may not be one of them” should be toned down regarding remaining limitations 

precluding clear-cut conclusions and the observational nature of the design. 

 

Response:  The conclusion has already been toned down in response to the prior review, and we feel it 

is appropriately cautious as we use the words “suggest” and “may”.  We conclude this paragraph with a 

sentence that we think benzodiazepine use should be limited in older adults:  “Health care providers are 

still advised to limit benzodiazepine use in older adults to avoid significant adverse events, withdrawal 



and dependence.”  However, if the editors feel changes are needed in the abstract and conclusions we 

would be willing to entertain changes in these sections but would prefer not to. 

 

 


