
PEER REVIEW HISTORY 

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

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

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

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) What is the relationship between renal function and visit-to-visit 
blood pressure variability in primary care? Retrospective cohort 
study from routinely collected healthcare data. 

AUTHORS Lasserson, Daniel; Scherpbier de Haan, Nynke; de Grauw, Wim; 
van der Wel, Mark; Wetzels, Jack; O'Callaghan, Christopher 

 

VERSION 1 - REVIEW 

REVIEWER Kei Yokota 
St. Marianna University School of Medicine, Department of 
Nephrology and Hypertension, Japan 

REVIEW RETURNED 05-Dec-2015 

 

GENERAL COMMENTS This study is very interesting in showing the relationship between 
renal function and visit-to-visit BP variability in primary care setting 
for the first time, although the association is weak. There are several 
comments regarding the manuscript.  
 
1. Page 6, Line 10-11  
"absolute residual variation (ARV)"  
"Absolute real variability (ARV)" may be appropriate.  
 
2. (Page 12-) Page 13, Line 1-2  
"The correlations that we have identified may seem of relatively 
small magnitude, but they are independent and highly significant"  
Given the large sample size of this study, P value tends to be very 
small, even if an association is weak. The phrase "highly significant" 
may not be needed.  
 
3. Supplementary Page 2, Line 5  
"mean BP and SV to create the SVIM statistic."  
I wonder if this might be "mean BP and ARV to create the ARVIM 
statistic."  
 
4. Supplementary Page 2, Line 6  
"The same approach is applied to the absolute variation (ARV) to 
generate the ARVIM statistic."  
This sentence seems to be redundant, since the formula for ARVIM 
has been mentioned before. 

 

REVIEWER Robert Lewis 
Wessex Renal Centre  
Queen Alexandra Hospital  
Portsmouth  
Hants  
PO6 3LY  
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UK 

REVIEW RETURNED 29-Dec-2015 

 

GENERAL COMMENTS The study is clear in its aims and outcomes. It is an addition to 
current understanding of the relationship between early renal 
impairment and BP variability (that a causative link cannot be 
established is duly acknowledged in the manuscript)  
 
The conclusions drawn from this study are heavily dependent on the 
validity of the statistical methods used. I would value reassurance 
that these are sound and interpreted appropriately. For this reason I 
have recommended that expert statistical review should be obtained 
by the publishers.  

 

REVIEWER Jesse Yenchih Hsu 
University of Pennsylvania, the United States 

REVIEW RETURNED 11-Feb-2016 

 

GENERAL COMMENTS The authors investigated the relationship between visit-to-visit blood 
pressure variability and renal function 
from healthcare data. Various variability metrics were used with 
dependence and independence of mean 
blood pressure. Renal function was assessed by CKD-EPI equation 
for eGFR. 
Although understanding the relationship between renal function and 
blood pressure variability is important, 
the signal from the study data is relatively weak. The statistical 
significance is mainly attributed to 
large sample size (n=19175). Such a large sample size would allow 
detecting correlation as small as 0.02, 
which is near no correlation at all though it is significant. In addition, 
my questions and concerns for the 
authors’ consideration are listed as follows. 
1. I would be interested to see summary statistics for various visit-to-
visit blood pressure variability 
metrics. For SDIM, SVIM and ARVIM, what were the choices of k 
and x? 
2. The term “multiple” (pages 2 and 6) and “multivariate” (pages 8–
10) were used interchangably. They 
have different meanings. I think you meant to use “multiple”, but 
please clarify and be consistent. 
3. What are the visit-to-visit blood pressure variabiliity for those who 
were not included in the analysis 
due to dialysis, death, insufficient measurements of blood pressure, 
etc? I expect the variability would 
be different for those not in the analysis. If so, the conclusion should 
be limited to those healthy 
enough to have at least 7 measurements of blood pressure over 3-
year period. 
4. Page 9, Table 3: Standardized beta coefficients are useful when 
covariates are continuous. For categorical 
(binary) covariates such as sex, vascular disease, diabetes, and use 
of medications, it seems to 
me that non-standardized beta coefficients are easier to understand. 
5. Page 9, Table 3: What was the reason that some betas were not 
shown; e.g., age in SD model? 
6. Page 9, Table 3: You may consider including confidence intervals 
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for betas in additon to p-values. 
7. Page 11, lines 7–14: The 7 measurements of blood pressure were 
taken over 22 months on average; 
i.e., about one measurement every three months. I think it is 
reasonable to see counterintuitive results 
comparing to AKI studies which collect multiple measurements of 
blood pressure in a short period of 
time. I think current study data do not provide enough evidence to 
the perspective of AKI. 
8. Page 17, Figure 1: What does “level” in the legend mean? What is 
the difference in frequency from a 
contour to the next contour? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1  

1. Page 6, Line 10-11  

"absolute residual variation (ARV)"  

"Absolute real variability (ARV)" may be appropriate.  

 

We agree that the literature has several interpretations of ARV although the formula for its calculation 

is consistently used. We have reviewed the original references and the terminology “average real 

variability” was used initially so we have changed to this for consistency.  

 

2. (Page 12-) Page 13, Line 1-2  

"The correlations that we have identified may seem of relatively small magnitude, but they are 

independent and highly significant"  

Given the large sample size of this study, P value tends to be very small, even if an association is 

weak. The phrase "highly significant" may not be needed.  

 

We have removed the phrase “and highly significant”  

 

3. Supplementary Page 2, Line 5  

"mean BP and SV to create the SVIM statistic."  

I wonder if this might be "mean BP and ARV to create the ARVIM statistic."  

 

The reviewer is correct and we have changed the text as suggested.  

 

4. Supplementary Page 2, Line 6  

"The same approach is applied to the absolute variation (ARV) to generate the ARVIM statistic."  

This sentence seems to be redundant, since the formula for ARVIM has been mentioned before.  

 

We have removed this sentence as the reviewer suggests.  

 

 

Reviewer: 2  

 

The study is clear in its aims and outcomes. It is an addition to current understanding of the 

relationship between early renal impairment and BP variability (that a causative link cannot be 

established is duly acknowledged in the manuscript)  

 

We thank this reviewer for these constructive comments.  

 

 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-2015-010702 on 10 June 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


The conclusions drawn from this study are heavily dependent on the validity of the statistical methods 

used. I would value reassurance that these are sound and interpreted appropriately. For this reason I 

have recommended that expert statistical review should be obtained by the publishers.  

 

Our response to the third statistical reviewer addresses this point.  

Reviewer 3  

The authors investigated the relationship between visit-to-visit blood pressure variability and renal 

function from healthcare data. Various variability metrics were used with dependence and 

independence of mean blood pressure. Renal function was assessed by CKD-EPI equation for eGFR.  

Although understanding the relationship between renal function and blood pressure variability is 

important, the signal from the study data is relatively weak. The statistical significance is mainly 

attributed to large sample size (n=19175). Such a large sample size would allow detecting correlation 

as small as 0.02, which is near no correlation at all though it is significant.  

As we discuss in the manuscript, the correlation is not of a large magnitude, but it is clear that the 

relationship between BP variability and eGFR is statistically significant, indicating that it is not a 

chance finding. The fact that the direction of the correlation (negative) is consistent for all the 

measures of BP variability indicates that higher variability is related to decreasing eGFR. Only one 

measure of BP variability (max systolic) has the low coefficient quoted by this reviewer, while all the 

other measures of BP variability have larger coefficients than this value. Furthermore, other variables 

which are associated with low eGFR, such as the presence of vascular disease and diabetes, have a 

similar magnitude of coefficient. This suggests that in a primary care dataset with routinely collected 

data, rather than research data, even signals from known associations with lower renal function are 

weak. In addition, there are variables which are not significantly associated with eGFR in some of the 

multiple linear regressions (e.g. age) suggesting that the size of the dataset is not in itself the reason 

for finding significant associations on multiple linear regression.  

In addition, my questions and concerns for the authors’ consideration are listed as follows.  

1. I would be interested to see summary statistics for various visit-to-visit blood pressure variability  

metrics. For SDIM, SVIM and ARVIM, what were the choices of k and x?  

 

The critical choice for the regressions is the value x, which is estimated by curve fitting; the scalar 

parameter k is arbitrary and does not affect the statistical relationship as determined in the 

regressions. A value of k is such that the transformed statistic and the original statistic are of the 

same order of magnitude. The values of x determined in our analysis are 1.64 for SDIM, 1.49 for 

SRVIM and 1.51 for ARVIM. These are similar values to those determined in analyses in cohorts of 

patients recruited to treatment trials in cerebrovascular disease, namely the UK TIA Trial (1.67, 1.65, 

1.83 respectively) and the European Carotid Surgery Trial (1.78. 1.89, 1.99 respectively).1  

We have therefore clarified the description of the derivation of SDIM, SVIM and ARVIM so that it is 

clear that, as in previous studies, curve fitting is used to determine x and the arbitrary constant k is 

chosen such that a similar order of magnitude is seen between the measure of variability and its 

transformed statistic. In keeping with previous literature1 we have now reported the values of x and 

inserted a table in the Supplementary Information and noted that they are similar in order of 

magnitude with those from the trials mentioned above.  

 

2. The term “multiple” (pages 2 and 6) and “multivariate” (pages 8–10) were used interchangeably. 

They have different meanings. I think you meant to use “multiple”, but please clarify and be 

consistent.  

We thank the reviewer for noting this point and have now used the term ‘multiple’ throughout.  

 

3. What are the visit-to-visit blood pressure variability for those who were not included in the analysis 

due to dialysis, death, insufficient measurements of blood pressure, etc? I expect the variability would 

be different for those not in the analysis. If so, the conclusion should be limited to those healthy 

enough to have at least 7 measurements of blood pressure over 3-year period.  
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According to accepted methods in the literature, at least 7 measures of BP are required in order to 

calculate the measures of BP variability. Therefore, we are unable to calculate the BP variability 

measures using data from patients who have less than 7 measures. Patients who were receiving 

dialysis are excluded from the study as we wished to investigate the relationship between BP 

variability and eGFR in a population that is seen and managed clinically in primary care.  

We do not regard multiple BP readings as an indicator of health. In the primary care context, patients 

who have multiple BP readings recorded at the practice are likely to have an indication for this e.g. the 

presence of a condition which raises the risk of cardiovascular events such as hypertension or 

diabetes. In the primary care context, patients on a registered list who are healthy are likely not to 

have few, if any, BP measures recorded at the practice. Whilst it is true that patients needed to 

survive to have BP readings taken, we are unable to assess those who died in this cohort as we do 

not have data on clinical outcomes.  

In order to address this point we have added the sentence in the limitations paragraph in the 

discussion “The findings are limited to patients with multiple BP readings taken at their general 

practice and at least one measure of renal function.”  

 

4. Page 9, Table 3: Standardized beta coefficients are useful when covariates are continuous. For 

categorical (binary) covariates such as sex, vascular disease, diabetes, and use of medications, it 

seems to me that non-standardized beta coefficients are easier to understand.  

We present standardised coefficients to aid interpretation of the relative importance of the different 

variables on BP variability, given the very different units of measurement across variables. However, 

in order to address this reviewer’s point we have now included non-standardized beta coefficients for 

the categorical coefficients in the supplementary information. Specifically, we have added a new 

Supplementary Table 2 which reports the non-standardised beta coefficients for the categorical 

variables in the multiple regression, whose standardised beta coefficients were reported in the main 

text.  

In addition, Supplementary Table 1 now shows both the standardised and non-standardised beta 

coefficients and the associated p values from multiple regression for the different drug classes. We 

have also corrected a transcription error in the line headings in Table 1.  

 

5. Page 9, Table 3: What was the reason that some betas were not shown; e.g., age in SD model?  

Betas were only shown if the variable was included in the multiple stepwise regression. The phrase 

“Coefficients shown if included in stepwise multiple regression” has been added to the explanatory 

notes underneath Table 3.  

6. Page 9, Table 3: You may consider including confidence intervals for betas in additon to p-values.  

In the main results, we present standardised coefficients, as discussed above. There is considerable 

debate in the literature about the different methods of calculation of confidence intervals for 

standardised coefficients and the methods of calculating confidence intervals for non-standardised 

coefficients do not apply.2 We therefore do not propose to include confidence intervals given the use 

of standardised coefficients. However, we feel that our data can be interpreted given the explanation 

of our methods and the presentation of standardised coefficients with associated p values.  

7. Page 11, lines 7–14: The 7 measurements of blood pressure were taken over 22 months on 

average; i.e., about one measurement every three months. I think it is reasonable to see 

counterintuitive results comparing to AKI studies which collect multiple measurements of blood 

pressure in a short period of time. I think current study data do not provide enough evidence to the 

perspective of AKI.  

Whilst it is true that the average measure is once every three months, that figure is only an average, 

and there are patients who had BP measures taken with a much higher frequency e.g. over several 

days or weeks, which would be in keeping with assessment during an acute illness. This is a dataset 

from primary care, where AKI is commonly encountered, but usually at milder stages and with 

patients who have less physiological disruption than in hospital-treated cohorts.  

In order to address this point and to reduce the emphasis on AKI, which we did not directly assess 
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(but may be present in patients with a first low eGFR recorded in the dataset), we have removed 

references to AKI so that the sentences on page 11 lines 7 – 14 now read “This counters the 

hypothesis that associations between greater BP variability and reduced renal function are an artefact 

of acute illness where clinical monitoring will be more frequent, or due to increased monitoring at the 

time of initiation of antihypertensive drugs. If acute illness or the initiation of antihypertensive therapy 

were responsible for increasing BP variability, one would expect greater variability to be associated 

with shorter time intervals between BP measures in a period of clinical instability or medication 

change.”  

8. Page 17, Figure 1: What does “level” in the legend mean? What is the difference in frequency from 

a contour to the next contour?  

Level refers to the number of patients represented by each coloured polygon. As such it represents 

the data frequency. For clarity, ‘Level’ has now been changed to ‘Patients’  

The contours are derived from kernel density estimation of the level, that is of the number of patients 

represented by each point. The contours represent the boundaries of intervals of equal magnitude (of 

data frequency) within the level range indicated. The number of intervals is chosen by an automated 

algorithm in R (within the stat_density2d function which calls on the kde_2d function) to aid in the 

visualisation of the shape of the frequency distribution across the two-dimensional plot. As the 

absolute data frequency for any x,y co-ordinate is already given by the colour of the polygon, the 

precise level of each contour is not indicated for clarity and is, of course, only based on the kernel 

density estimation.  

For clarity, the legend to the figure has now been amended to clarify these issues and reads as 

follows.  

“Figure 1. Renal function and age are both associated with blood pressure variability.  

Colours indicate the number of data points in each shaded area of the curve. The number of patients 

represented by each coloured polygon, that is the data frequency, is indicated by the colour scale. 

Contours are added to aid visualisation of the shape of the frequency distribution across the two-

dimensional plot. The contours are derived from kernel density estimation of the data frequency and 

represent the boundaries of intervals of equal magnitude in the data frequency. The regression line is 

shown.  

A. The relationship between standard deviation independent of mean (SDIM) and eGFR.  

B. The relationship between SDIM and age.” 

 

VERSION 2 – REVIEW 

REVIEWER Jesse Yenchih Hsu 
University of Pennsylvania, the United States 

REVIEW RETURNED 02-Apr-2016 

 

GENERAL COMMENTS 1. Abstract: I would like to see statement of acknowledging small 
magnitudes in relationships between 
BP variability and eGFR (or age), not just a selective statement of 
‘significant’ relationship. If you 
look Table 3 closely, 4 standard deviations of increase in eGFR (this 
almost covers the entire distribution) 
only associate with about 10% 20% of decrease in BP variability 
(regardless which measurements 
you choose). I think this should be stated in abstract and in 
discussion section to explain your 
findings to readers. 
2. Page 9, Table 3: 
(a) The “multivariate” in table caption should be ‘multiple’. Check 
other places in the manuscript 
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as well. 
(b) My original comment on standardized coefficients was 
misinterpreted. I apologize if I did not 
make it more clear. I agree with you that standardized coefficients 
are easy to interpret (only 
for continous variables). What I did not agree with was the reasons 
to standardize categorical 
variables such as sex, vascular disease, diabetes, ACEI/ARB, beta 
blockers, etc. In Table 3, 
if you think standardized coefficients of ‘sex’ and other categorical 
variables are more useful, 
please provide interpretation (in manuscript) of what 1 standard 
deviation of increase in ‘sex’ 
means. In my opinion, interpreation of male vs. female is more 
useful than “1 standard deviation 
of increase in sex”. There is no benefit to provide both standardized 
and non-standardized 
coefficients; perhaps it will confuse readers. Only one set of 
coefficients is neceesary. 
(c) In your response to my original comment on providing confidence 
intervals, you have provided 
a useful reference to show why calculation of confidence intervals 
for standardized coefficients 
might be invalid by using the calculation for non-standardized 
coeffients. I am OK with this 
argument, but am not convinced when you report p-values instead. If 
you believe that the confidence 
intervals are not reliable due to unadjusted standard errors, why do 
you think the p-values 
would be reliable? Note that both confidence intervals and p-values 
use the same standard errors 
to calculate. I think the reference you provide is urge you to properly 
adjust for standard errors 
when (continous) variables are standardized. 

 

VERSION 2 – AUTHOR RESPONSE 

Abstract: I would like to see statement of acknowledging small magnitudes in relationships between 

BP variability and eGFR (or age), not just a selective statement of ‘significant’ relationship. If you look 

Table 3 closely, 4 standard deviations of increase in eGFR (this almost covers the entire distribution) 

only associate with about 10% 20% of decrease in BP variability (regardless which measurements 

you choose). I think this should be stated in abstract and in discussion section to explain your findings 

to readers.  

 

We thank the reviewer for this point of clarification and the last line of the abstract results section now 

reads  

“However, multiple linear regression demonstrated consistent, small magnitude negative relationships 

between eGFR and all measures of BP variability adjusting for confounding variables.”  

We already describe the small magnitude of the association in the discussion but in order to provide 

greater emphasis as suggested by this reviewer we have changed the sentence in paragraph 1 page 

13 to  

“The correlations that we have identified are of small magnitude, but they are independent and given 

the population prevalence of CKD, this correlation will have consequences for cardiovascular risk at 

the population level”  

 

The “multivariate” in table caption should be ‘multiple’. Check other places in the manuscript as well.  
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This has been changed and the manuscript checked.  

 

My original comment on standardized coefficients was misinterpreted. I apologize if I did not  

make it more clear. I agree with you that standardized coefficients are easy to interpret (only  

for continous variables). What I did not agree with was the reasons to standardize categorical  

variables such as sex, vascular disease, diabetes, ACEI/ARB, beta blockers, etc. In Table 3,  

if you think standardized coefficients of ‘sex’ and other categorical variables are more useful,  

please provide interpretation (in manuscript) of what 1 standard deviation of increase in ‘sex’  

means. In my opinion, interpreation of male vs. female is more useful than “1 standard deviation  

of increase in sex”.  

The reviewer’s agreement with our choice of standardised coefficients for continuous variables is 

noted. The multiple regression model combines both continuous and binary predictor variables, which 

are those available to clinicians in everyday community practice. The continuous variables use 

different units of measurement and therefore standardisation will enable a more straightforward 

interpretation of the relative contribution of these variables to BP variability. In order to support the 

general clinical reader’s interpretation of our model as a whole, we presented standardised 

coefficients for all our included variables so that the relative importance of all can be interpreted in a 

clinical context. Whilst we acknowledge that this poses a challenge for a purely statistical 

interpretation of an individual variable (although this has been overcome by other statisticians, most 

notably Andrew Gelman, see 

http://www.stat.columbia.edu/~gelman/research/unpublished/standardizing.pdf ) the alternative would 

be to provide both standardised and unstandardized coefficients for separate variables, which then 

makes overall clinical interpretation more complex for the general clinical reader- the primary intended 

audience for our clinically based research.  

However, we propose to acknowledge this issue in the manuscript to address the concerns of this 

reviewer. In the discussion section we now include the following sentence in para 1 page 11  

“We presented standardised coefficients for all included variables in order to facilitate a clear clinical 

interpretation of the relative contributions of the predictors of the BP variability measures.”  

 

There is no benefit to provide both standardized and non-standardized coefficients; perhaps it will 

confuse readers. Only one set of coefficients is neceesary.  

We previously included non-standardised coefficients for supplementary data on prescribing at the 

suggestion of this reviewer (Supplementary Table 2), and we note that they are now of the opinion 

that only one set of coefficients is necessary. We propose to therefore report the non-standardised 

coefficients for this supplementary data table, which only includes binary coefficients, to address the 

issue about statistical interpretation raised by this reviewer in the point above.  

 

In your response to my original comment on providing confidence intervals, you have provided a 

useful reference to show why calculation of confidence intervals for standardized coefficients might be 

invalid by using the calculation for non-standardized coeffients. I am OK with this argument, but am 

not convinced when you report p-values instead. If you believe that the confidence intervals are not 

reliable due to unadjusted standard errors, why do you think the p-values would be reliable? Note that 

both confidence intervals and p-values use the same standard errors to calculate. I think the 

reference you provide is urge you to properly adjust for standard errors when (continous) variables 

are standardized.  

We thank this reviewer for their acknowledgement of the validity of our argument and the potential 

inaccuracy of presenting confidence intervals for standardised coefficients. In order to determine the 

statistical significance of the predictor variable, we have used the p value from the analysis of non-

standardised coefficients, which will be determined by the true underlying relationship in the data, 

irrespective of how the coefficient is numerically presented. This will allow the general reader to 

interpret the statistical significance of predictor variables without introducing potentially misleading 

confidence intervals for the standardised coefficients. 
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VERSION 3 - REVIEW 

REVIEWER Jesse Yenchih Hsu 
University of Pennsylvania, the United States of America 

REVIEW RETURNED 29-Apr-2016 

 

GENERAL COMMENTS The authors responded to my comments accordingly. The revised 
manuscript is satisfactory for publication. 
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