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VERSION 1 - REVIEW 

REVIEWER Tomohiro Shinozaki 
Department of Biostatistics, the University of Tokyo, Japan 

REVIEW RETURNED 10-Feb-2016 

 

GENERAL COMMENTS Using new users of statin in the Finnish health care registry 
database, the authors showed that adherence to the drug would 
reduce cardiovascular events among middle-aged women. The 
design where all participants were new users during specified period 
(from 2001 to 2004) and the adherence inherently changed over 
time seems appropriate for the current purpose, but also required 
challenging statistical considerations. I appreciate the authors for 
their thoughtful marginal structural modeling approach, which can 
estimate the effect of time-dependent adherence status while 
explicitly adjusting for time-dependent confounders that may be 
affected by adherence. Moreover, detailed investigation of the 
analysis was adequately provided in a supplementary material; 
among them, sensitivity analysis for time-ordering between variables 
and assessment of unmeasured confounding using “negative 
control” may be noteworthy attempts. The manuscript is well-written. 
I have some minor comments.  
 
- Because all models (including marginal structural models) were 
used to approximate discrete-time hazards (as shown in the 
equation in Appendix 1) for either observed or counterfactual events 
by finite parameters, it seems appropriate to use the term hazard 
ratio (HR) rather than risk ratio (RR) throughout the text, despite that 
the two measures approximate each other in rare-event situation as 
in this database.  
 
- In Appendix 1, additional brackets are needed to distinguish 
numerator and denominator in IPTWs: e.g. IPTW24 = 
[P(A24|A12)P(A12)]/[P(A24|A12, L12, B)P(A12|B)]. In addition, the 
functions P( | ) should be defined clearly. For example, define 
P(a24|a12) = Pr(A24 = a24|A12 = a12) such that P(A24|A12) means 
the function P(a24|a12) evaluated at observed argument (A24, A12) 
(see, the web textbook “Causal Inference” by Hernán and Robins, 
Technical Point 2.2 in Chapter 2). They also should be distinguished 
from the (conditional) probability function P(Yt = 1|...) that appears in 
the next equation, which means the probability of Yt = 1 conditional 
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on “...”. It may as well be denoted by Pr(Yt = 1|...).  
 
- It is my understanding that the numerators P(A12), P(A24|A12), 
and P(A36|A24, A12) were nonparametrically estimated as observed 
proportions (from a tree graph in Fig. 2) rather than smoothed by 
logistic models. It may be helpful to explicitly mention this in the 
Appendix 1.  
 
- In Discussion, p. 12, “In the presence of unmeasured confounders 
that are causes both for an intermediate variable and the outcome”: 
risk factors that are causes both for an intermediate variable and the 
outcome is not necessarily confounders; confounders in causal 
inference literature are sets of variables that are responsible for 
unexchangeability in terms of potential outcomes (and adjusting one 
set of them makes comparison groups exchangeable). As the 
context discusses collider-stratification bias induced by variables 
other than confounders, the term “unmeasured confounders” should 
be replaced by, for example, “unmeasured predictors”.  
 
- As a limitation, the authors wrote “we had no data on some 
important confounders, such as cholesterol level, blood pressure, 
smoking, or family history of CVD” (p. 15). Meanwhile, they could 
adjust “hypertensive disease (y/n)” and “dysfunctions of lipid 
metabolism (y/n)” (Tables S3 and S4). I consider the failure of full 
adjustment of cholesterol and blood pressure levels may be 
mitigated by these partial adjustment, i.e., residual confounding 
remained.  

 

REVIEWER Eelko Hak 
University Groningen, Department of Pharmacy, The Netherlands 

REVIEW RETURNED 18-Feb-2016 

 

GENERAL COMMENTS This is a timely and important methodological paper on the influence 
of time-varying confounding and adherence on the therapy 
effectiveness estimates in clincial practice. The authors conducted 
their study with high-quality databases, the design of an inception 
cohort is excellent, and the statistical methods seem most 
appropriate although I am not a statistical expert in the field of mean 
structural models. The conclusion that statin therapy is associated 
with a modest decrease of the incidence of acute cardiovascular 
diseases and that part of the effect may be explained by healthy 
adherer effect seems appropriate given the data.  
 
I have only remarks;  
1. The paper is focused on measured confounding and how to 
further improve the analytical techniques to deal with these 
measurements. However, much of the discussion is also on 
unmeasured confounding, and I would like to see a bit more on that 
in the introduction and discussion. The reason to include a 
falsification endpoint to give some insights is a good idea although 
such endpoints have also been discussed (see JAMA, Groenwold 
R). The endpoint the authors have chosen maybe associated with 
unmeasured confounders for the main analyses for example through 
overweight. But, I would like to see some more discussion about 
how to further deal with the unmeasured confounding.  
 
2. I would suggest the authors to include and refer to our paper 
written by Bijlsma et al. Pharmacoepidemiology & Drug Safety 
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where we specifically address the relevance of time-varying 
measurement of statin adherence. Differences between the methods 
of Bijlsma and the current paper should be discussed.  
 
3. Figure S1 is much more readable than Figure 3. Please make the 
figure with DAG readable also for non-specialists.  
 
4. I am missing the syntax code that was used for the analyses. 
Please provide in an Appendix. 

 

REVIEWER Greg Atkinson 
Teesside University  
UK 

REVIEW RETURNED 04-Apr-2016 

 

GENERAL COMMENTS I find the statistical methods are communicated clearly in this 
manuscript. There has been a lot of thought gone into the analysis 
approaches, which have been compared and various sensitivity 
analyses have also been undertaken. This is a large sample which is 
amenable to the modelling approach the researchers adopt.  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Using new users of statin in the Finnish health care registry database, the authors showed that 

adherence to the drug would reduce cardiovascular events among middle-aged women. The design 

where all participants were new users during specified period (from 2001 to 2004) and the adherence 

inherently changed over time seems appropriate for the current purpose, but also required 

challenging statistical considerations. I appreciate the authors for their thoughtful marginal structural 

modeling approach, which can estimate the effect of time-dependent adherence status while explicitly 

adjusting for time-dependent confounders that may be affected by adherence. Moreover, detailed 

investigation of the analysis was adequately provided in a supplementary material; among them, 

sensitivity analysis for time-ordering between variables and assessment of unmeasured confounding 

using “negative control” may be noteworthy attempts. The manuscript is well-written. I have some 

minor comments.  

- Because all models (including marginal structural models) were used to approximate discrete-time 

hazards (as shown in the equation in Appendix 1) for either observed or counterfactual events by 

finite parameters, it seems appropriate to use the term hazard ratio (HR) rather than risk ratio (RR) 

throughout the text, despite that the two measures approximate each other in rare-event situation as 

in this database.  

 

Our response: We thank the Reviewer for pointing this out. The term has been corrected into hazard 

ratio throughout the text.  

 

- In Appendix 1, additional brackets are needed to distinguish numerator and denominator in IPTWs: 

e.g. IPTW24 = [P(A24|A12)P(A12)]/[P(A24|A12, L12, B)P(A12|B)]. In addition, the functions P( | ) 

should be defined clearly. For example, define P(a24|a12) = Pr(A24 = a24|A12 = a12) such that 

P(A24|A12) means the function P(a24|a12) evaluated at observed argument (A24, A12) (see, the web 

textbook “Causal Inference” by Hernán and Robins, Technical Point 2.2 in Chapter 2). They also 

should be distinguished from the (conditional) probability function P(Yt = 1|...) that appears in the next 

equation, which means the probability of Yt = 1 conditional on “...”. It may as well be denoted by Pr(Yt 

= 1|...).  
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Our response: Brackets have been added to Appendix 1. Definitions of the functions have been 

further clarified as follows (Appendix 1, page 19):  

“IPTW12 = [P(A12=a12)]/[P(A12=a12|B=b)]  

IPTW24 = [P(A24=a24|A12=a12)⨯P(A12=a12)] / 

[P(A24=a24|A12=a12,L12=l12,B=b)⨯P(A12=a12|B=b)]  

IPTW36= [P(A36=a36|A24=a24,A12=a12)⨯P(A24=a24|A12=a12)⨯P(A12=a12)] /  

[P(A36=a36|A24=a24,A12=a12,L24=l24,L12=l12,B=b)⨯P(A24=a24|A12=a12,L12=l12,B=b)⨯P(A12=a

12|B=b)].  

In the equations, capitalized letters denote random variables and lowercase letters observations 

(values) of random variables. Bolded letters denote vectors. A12–A36 refer to adherence level 

(adherence or non-adherence) at 12, 24 and 36 months after statin initiation. B is a vector of baseline 

characteristics measured prior to or at statin initiation, and L12–L24 vectors of time-dependent 

confounders measured at 12 and 24 months after statin initiation.”  

“Marginal structural model was specified using pooled log-binomial regression model with person-

month level observations weighted by stabilized IPTWs as follows:  

log [P(Yt =1 | Yt-1 =0, At-1=at-1)] = β0 + β1*at-1, t=13,14,…,48.”  

 

- It is my understanding that the numerators P(A12), P(A24|A12), and P(A36|A24, A12) were 

nonparametrically estimated as observed proportions (from a tree graph in Fig. 2) rather than 

smoothed by logistic models. It may be helpful to explicitly mention this in the Appendix 1.  

 

Our response: Year-specific prevalences of observed adherences in numerators were estimated with 

logistic regression models. This has been mentioned in the Appendix 1 (page 19):  

“Time-specific probabilities were estimated using logistic regression models with the observed 

adherences over the previous 12 months as dependent variables.”  

Figure 2 was designed to describe transitions between adherence levels throughout the study.  

 

- In Discussion, p. 12, “In the presence of unmeasured confounders that are causes both for an 

intermediate variable and the outcome”: risk factors that are causes both for an intermediate variable 

and the outcome is not necessarily confounders; confounders in causal inference literature are sets of 

variables that are responsible for unexchangeability in terms of potential outcomes (and adjusting one 

set of them makes comparison groups exchangeable). As the context discusses collider-stratification 

bias induced by variables other than confounders, the term “unmeasured confounders” should be 

replaced by, for example, “unmeasured predictors”.  

 

Our response: We have corrected the sentence as suggested (pages 13–14):  

“In the presence of unmeasured predictors that are causes both for an intermediate variable and the 

outcome, conditioning on the intermediate variable may open a non-causal path between adherence 

and the outcome and may thereby create an additional association [10, 38].”  

 

- As a limitation, the authors wrote “we had no data on some important confounders, such as 

cholesterol level, blood pressure, smoking, or family history of CVD” (p. 15). Meanwhile, they could 

adjust “hypertensive disease (y/n)” and “dysfunctions of lipid metabolism (y/n)” (Tables S3 and S4). I 

consider the failure of full adjustment of cholesterol and blood pressure levels may be mitigated by 

these partial adjustment, i.e., residual confounding remained.  

 

Our response: We thank the Reviewer for making this point. Accordingly, we have added the following 

sentence to the discussion (page 17):  

“However, we were able to adjust for presence of the most severe forms of hypertension and 

dyslipidemia leading to hospitalization or entitlement to special reimbursement which may have partly 

controlled for confounding by cholesterol and blood pressure levels.“  
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Reviewer: 2  

This is a timely and important methodological paper on the influence of time-varying confounding and 

adherence on the therapy effectiveness estimates in clincial practice. The authors conducted their 

study with high-quality databases, the design of an inception cohort is excellent, and the statistical 

methods seem most appropriate although I am not a statistical expert in the field of mean structural 

models. The conclusion that statin therapy is associated with a modest decrease of the incidence of 

acute cardiovascular diseases and that part of the effect may be explained by healthy adherer effect 

seems appropriate given the data.  

I have only remarks;  

1. The paper is focused on measured confounding and how to further improve the analytical 

techniques to deal with these measurements. However, much of the discussion is also on 

unmeasured confounding, and I would like to see a bit more on that in the introduction and 

discussion. The reason to include a falsification endpoint to give some insights is a good idea 

although such endpoints have also been discussed (see JAMA, Groenwold R). The endpoint the 

authors have chosen maybe associated with unmeasured confounders for the main analyses for 

example through overweight. But, I would like to see some more discussion about how to further deal 

with the unmeasured confounding.  

 

Our response: We thank the Reviewer for the comment. We have added following sentences in the 

introduction (page 4):  

“In addition, one major concern in observational studies is healthy-adherer bias emerging from 

differences in unmeasured health-seeking behaviors between the groups to be compared [12–14]. 

Employment of negative control outcomes that reflect unhealthy behaviors but are unrelated to 

medication effect is one way to evaluate the role of such bias in the study results [15].”  

We also added the following sentence to the end of the introduction (page 5):  

”In addition, we used low energy fractures as a negative control outcome to examine the impact of 

unmeasured confounding on the effect estimates.”  

And following sentences have been added to the discussion on pages 14–15:  

“Other approaches to adjust effect estimates for unmeasured confounding include, for example, 

integration of validation data [45] and instrumental variable analysis [46]. In our recent study [8] 

healthy-adherer effect was examined using propensity score calibration with an external validation 

study to adjust for selected lifestyle factors (body mass index, smoking, alcohol use, physical activity) 

and self-reported health. However, no major effect on the effect estimate was found. Finally, 

conducting a randomized controlled trial would guarantee exchangeability between the groups at 

baseline but the design is not feasible for examining the effects of medication adherence [47].”  

 

2. I would suggest the authors to include and refer to our paper written by Bijlsma et al. 

Pharmacoepidemiology & Drug Safety where we specifically address the relevance of time-varying 

measurement of statin adherence. Differences between the methods of Bijlsma and the current paper 

should be discussed.  

 

Our response: We thank the Reviewer for suggesting an interesting reference. We have referred to 

the paper by Bijlsma et al. as follows (page 14):  

“Adherence was measured as PDC in yearly periods and dichotomized using 80% as a cut-off value. 

Although the method improved measurement of adherence compared to the earlier studies where 

adherence was typically measured as a fixed value throughout the follow-up [2–7], it produced rough 

estimates. Recently, Bijlsma et al. [41] extended the PDC method to quantify adherence in time-

intervals between consecutive prescriptions and the method was shown to produce more precise 

estimates compared with a fixed-time PDC measure.”  

 

3. Figure S1 is much more readable than Figure 3. Please make the figure with DAG readable also for 
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non-specialists.  

 

Our response: Legend of Figure 3 has been clarified as follows (page 22);  

“Figure 3. Directed acyclic graph for time-dependent adherence and confounding structure. B, 

baseline characteristics; A12–A36, time-dependent adherences measured at months 12, 24 and 36; 

L12–L24, time-dependent confounders measured at months 12 and 24; Y, outcome.”  

 

4. I am missing the syntax code that was used for the analyses. Please provide in an Appendix.  

 

Our response: We have added SAS syntax used to construct the main MSM to the Appendix 1 (pages 

19–22).  

 

Reviewer: 3  

 

I find the statistical methods are communicated clearly in this manuscript. There has been a lot of 

thought gone into the analysis approaches, which have been compared and various sensitivity 

analyses have also been undertaken. This is a large sample which is amenable to the modelling 

approach the researchers adopt.  

 

Our response: We appreciate the reviewer’s comment. 

 

VERSION 2 – REVIEW 

REVIEWER Tomohiro Shinozaki 
The University of Tokyo, Japan 

REVIEW RETURNED 22-Apr-2016 

 

GENERAL COMMENTS Authors adequately revised the manuscript. 

 

REVIEWER Eelko Hak 
University of Groningen 

REVIEW RETURNED 20-Apr-2016 

 

GENERAL COMMENTS My points have been addressed. 
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