
Statistical Review  
 

REVIEWER: I have reviewed early versions of this paper.  Whilst the authors 

have taken note of the comments raised previously, their revision is 

disappointingly inconsistent in correcting the issues raised throughout the 

paper.  The standard of statistical presentation is still inadequate, and the 

authors need to take more care in producing a finalised version of this 

manuscript.  I have concerns that they are not accessing of making best use 

of statistical expertise to deliver on a high quality manuscript required by the 

BMJ.  

 

OUR RESPONSE: We would like to thank Professor Deeks for his helpful 

comments that have been instrumental in improving the statistical 

presentation in the paper, and apologise that the previous response only 

partially addressed the issues he had raised. In addition to input from the 

authorship, we have now sought statistical advice from the University of 

Oxford Department of Statistics. This has resulted in a number of 

improvements to the statistical analysis, including the use of Poisson and 

binomial regression models to better fit the cognitive data, and inclusion of 

alcohol and other confounder variables in the mixed effects models. Although 

the results and conclusions remain unchanged, we believe the results can 

now be interpreted with greater confidence.  

 

REVIEWER: My points follow in order of their occurrence in reading the 

manuscript.  The most important points are 18-21.  

 

POINT 1. The “What this adds” box still indirectly links to Alzheimer’s disease 

which is not supported by data in this study, and the authors had been 

previously asked to remove.  

 

OUR RESPONSE: Many thanks for highlighting the oversight. The reference to 

Alzheimer’s disease has been removed from the box. 

 



POINT 2. In the abstract, the participant age “+-5.4” figure not 

explained.  This is a standard deviation, and needs to be labelled as such.  

 

OUR RESPONSE: We have labelled this “standard deviation”. 

 

POINT 3. The abstract also fails to mention the relationships which were not 

found with all other measures of cognitive performance other than lexical 

decline.  This is selective reporting of results.  

 

OUR RESPONSE: We have now added the following sentence to the abstract 

results section to avoid selective reporting: 

 

“….However, no relationship was found with cross-sectional cognitive 

performance or longitudinal changes in semantic fluency or word recall.” 

 

POINT 4. Paper page 11 line 24 misspelling of Pearson’s  

 

OUR RESPONSE: Thank you for spotting this error. The reference to 

Pearson’s correlation coefficients has now been removed due to an 

amendment in the method we used to test for associations between alcohol 

trends and sociodemographic variables. We have now included 

sociodemographic variables as predictors in a mixed effects model with 

alcohol consumption as the dependent variable (details below).  

 

POINT 5. Some of the data summaries in the text are mixing up parametric 

(mean, sd) summaries with non-parametric summaries (median, interquartile 

range) for the same variable.   For example median alcohol consumption is 

reported with a standard deviation rather than an interquartile range.  Please 

check throughout the text.  

 

OUR RESPONSE: The text has been checked and these inconsistencies have 

now been corrected, for example: 



 

“Median alcohol consumption across study phases (Supplementary Table 2) 

was 11.5 units (85.8 g) per week (IQR=6.2 to 18.8  (51.7 to 154.3 g)) for 

men, and 6.4 units (51.4 g) per week (IQR=2.8 to 11.9 (22.7 to 103.6 g)) 

for women.” 

 

POINT 6. Text on lines 49-55 on page 10 is largely repeated on lines 45-51 

on page 12 which appears unnecessary.  

 

OUR RESPONSE: Many thanks for highlighting this. We have now removed 

text to ensure there is no repetition of methods. 

 

POINT 7. Two of the main tables (Table 2 and Table 4) are not referred to in 

the text.  

 

OUR RESPONSE: In the revised version, all main tables and figures are 

referred to in the text.  

 

POINT 8. The authors were asked to ensure that the tables included an 

estimate of the difference between groups, together with a 95% confidence 

interval.  In Table 1 and supplementary Table 1 estimates and CIs have been 

provided for the continuous variables, but chi-squared statistics and degrees 

of freedom are given for binary and categorical variables.  The authors need 

to provide estimates of differences with 95% confidence intervals for these 

variables as well – for example the binary variables should be reported with 

differences in proportions with 95% CIs. 

 

OUR RESPONSE: In Table 1 for binary variables we have now reported the 

difference in proportions as odds ratios, with 95% confidence intervals and p 

values from Fisher’s exact test of proportions. With such small groups, for 

example 11 for smokers, we think that this is a more appropriate approach 

rather than approximating a normal distribution for the difference in 



proportions. As MoCA, MMSE and Framingham Risk Scores are not strictly 

continuous data (MoCA and MMSE are bounded at 0 and 30, FRS at 0 and 

100), we have now reported medians (IQR), and use Fisher’s exact test to 

calculate difference in proportions of successes (marks out of 30 or %) 

compared to failures (30 minus marks or 100 minus %) for safe and unsafe 

drinkers. We have used the Wilcoxon Rank Sum test as a non-parametric 

test of difference between groups in education (a continuous non-normally 

distributed variable). For the categorical variable social class, as the expected 

values in 3 out of 8 cells were <5, a chi-squared approximation may be 

incorrect. To obviate this we have used a simulation test, which produces an 

empirical distribution and report a Pearson statistic and p value to assess for 

differences between the groups. In Supplementary Table 1 we have provided 

mean differences (95% CI and p values) for continuous normally distributed 

variables and mean proportion difference (95% CI and p values) for sex (the 

groups here are much larger and hence a normal distribution approximation 

is more appropriate).  

 

POINT 9a. The authors have taken partial notice of the request to include 

informative parameter estimates rather than standardised and 

unstandardized coefficients.  Table 2 now contains what is requested but the 

unstandardized coefficient column is still there.  It is unnecessary and can be 

removed.   

 

OUR RESPONSE: The unstandardized coefficient column in Table 2 (now 

Supplementary Table 8) has been removed. We have amended the analysis 

of cross-sectional cognitive test data to improve the fit of models according 

to the data type. This has not changed the conclusions. For count data (digit 

coding), initially Poisson regression was fitted and checked for over 

dispersion. If found, a negative binomial model was then used. For the 

remainder of the tests, where the upper score is bounded (e.g. MoCA), 

regression models were initially fitted using binomial distributions. If over-

dispersion was in evidence, then a folded transformation was performed and 



checked for approximate normality using Q-Q plots of residuals. The same 

models were re-fitted with and without alcohol consumption, and a 

hypothesis test (likelihood ratio) was performed. The methods have been 

amended to reflect these changes. Due to space constraints in the main 

paper, and our view that the cross-sectional analysis of cognitive outcomes is 

less informative to the reader than longitudinal outcomes, we have moved 

Table 2 into the supplementary materials (now Supplementary Table 8). 

Poisson/negative binomial and binomial estimates are not interpreted easily 

e.g. log (mean Poisson count) or log (odds), so we have rather included P 

values which may be used to test whether alcohol made a significant 

difference to the model (in all cases it did not). However if Professor Deeks 

or the editors would prefer the full model output we can provide this.  

 

POINT 9b. Table 4 has not been changed as requested – there is no 

confidence interval for the change in hippocampal volume estimate.  Again 

the unstandardized coefficient is unnecessary.   

 

OUR RESPONSE: Table 4 (now Table 3) has been amended to remove the 

unstandardized coefficient, add 95% confidence intervals, and improve the 

labeling to clarify the unit changes for the change estimates. On re-

examination of the Q-Q plot for this regression we decided that 

transformation of the dependent variable (hippocampal volume) could 

improve the normality of the residuals. We computed and plotted the profile 

log-likelihoods for the parameter of the Box-Cox power transformation to 

identify the optimal exponent to transform (2). The Q-Q plot for this analysis 

(hippocampal volume2 = dependent variable) was much improved. 

Supplementary Figure 1 has been amended. 

 

POINT 9c. Table 5 and supplementary Table 6 are no different from what was 

seen before so needs full revision.  The values on the associated figure also 

need to agree with the updated values in the table.  

 



OUR RESPONSE: Table 5 (now Table 4) has been amended to include 

change estimates in understandable units with 95% confidence intervals and 

Figure 5 (now Figure 6) has been amended accordingly. In order to 

provide 95% confidence intervals we have used bootstrapping in AMOS, 

which requires no missing data. Hence we have excluded the subjects with 

no diffusion tensor imaging (n=16) for this purpose. In order to provide 

estimates in sensible units, it has been necessary to use multiples of units for 

alcohol and corpus callosum MD. In light of this, we do wonder whether it 

might be easier for the reader to make comparisons about strengths of the 

relationships between variables to use standardized estimates instead, at 

least in Figure 5. Perhaps the editors may have a view on this, and we 

include an alternative figure and table for comparison.  

 

Supplementary Table 5 has been amended to convey the results of the 

multiple regression analysis with the transformed dependent variable 

(hippocampal volume2), and clearly labeled parameter estimates with 95% 

confidence intervals have been added. 

 

Supplementary Table 6 (now Supplementary Table 7) has been 

amended to add parameter estimates (clearly labeled) with their 95% 

confidence intervals, and unstandardized coefficients have been removed.  

 

POINT 10. Please also check that the footers for the tables and figures match 

their revised content.  For example, Table 5 footer wrongly states that the 

table contains SEs  

 

OUR RESPONSE: All table and figure footers have been checked and 

amended where appropriate, including Table 5 (now Table 4).  

 

POINT 11. A clear explanation of the alcohol consumption trends over time is 

regression to the mean, which should be mentioned (this does not change 

the analysis).  



 

OUR RESPONSE: Thank you for this suggestion with which we agree. We 

have now included the following sentence to the results section: 

 

“…those drinking more at baseline tended to lower their consumption more 

over the course of the study, a finding consistent with regression to the 

mean.” 

 

POINT 12. Figure 1 does not show selection of the imaging subgroup from 

the Whitehall cohort  

 

OUR RESPONSE: As suggested, we have now included the number of 

participants in Phase 11 of the Whitehall II cohort, and those invited to the 

imaging sub-study in Figure 1. 

 

POINT 13. Figure 2 has very strange choice of bin widths – 6 bins for 10 

units of consumption, so one bin represents 1.67 units of alcohol.  There are 

more obvious bin width choices to use (e.g. 2!)  

 

OUR RESPONSE: Bin widths in Figure 2 have been amended so that one bin 

represents 2 units of alcohol. 

 

POINT 14. Supplementary Table 2 and 4 do not have sample size (n) figures 

– just percentages. Supplementary tables 2 and 3 look like they could easily 

be combined (and why is Supplementary Table 3 not split by gender as done 

for Supplementary Table 3)  

 

OUR RESPONSE: As requested, sample sizes have now been added to 

Supplementary Tables 2 and 3 (which was previously 4). This also prompted 

us to discuss the issue of missing CAGE data (numbers now given in 

Supplementary Table 3) in the paper, and the possible inclusion of subjects 

who were alcohol dependent at points during the study: 



 

“There were 75 (14.2%) individuals with missing CAGE data at least on one 

phase, and we cannot exclude the possibility that we have included some 

subjects who were alcohol dependent at points during the study period. 

However, all included individuals had at least three (out of a total of five) 

CAGE measurements, and individuals with incomplete CAGE data on average 

drank significantly less than those with complete data (on a t-test of means 

13.1 (S.D.=10.3) vs. 8.5 (S.D.=8.8, p<0.001).” 

 

Additionally, as recommended, Supplementary Tables 2 and 3 have been 

combined into a single table (now Supplementary Table 2), and alcohol 

consumption summary data has been split by gender.  

 

POINT 15. I am puzzled in Supplementary Figure 1 as to how you have 

negative values for alcohol consumption?  Please explain.  

 

OUR RESPONSE: The x-axis units are not alcohol consumption units, but 

rather residuals for the regression model omitting alcohol. The negative 

values reflect where the data point is below the regression line. These are 

plotted against the residuals from a regression of alcohol against the 

remainder of the independent variables (y axis) to form an added variable 

(or partial regression) plot to visualise the relationship between alcohol and 

hippocampal size after controlling for the other variables. We have now 

removed the original Supplementary Figure 1 as it was duplicating a plot in 

Supplementary Figure 2D (now Supplementary Figure 1).  

 

POINT 16a. The main paragraph on page 22 raises several statistical 

concerns.  Text on lines 13-15 suggests that the difference in alcohol 

consumption between men and women was tested using a correlation rather 

than an independent samples t-test.   

 

OUR RESPONSE: To avoid using a correlation we have now tested differences 



in alcohol consumption (baseline and trends over time) between men and 

women by the addition of sex as a fixed effect (sex and sex*follow-up time) 

to the mixed effects model with alcohol consumption at each phase as the 

dependent variable. This allowed us to report parameter estimates, 95% CI 

and P values. We now report the following in the text: 

 

“Male sex (difference in weekly alcohol units compared to females=4.89, 

95%CI=2.54 to 7.19, p<0.001) and higher premorbid FSIQ (change in 

weekly alcohol units for every one IQ point=0.18, 95%CI: 0.06 to 0.30, 

p=0.004) predicted higher baseline consumption but not changes in 

consumption over time.” 

 

POINT 16b: The following line includes a beta coefficient rather than 

expressing the regression line slope in interpretable units as requested for 

the Tables, this also needs a confidence interval rather than a standard 

error.   

 

OUR RESPONSE: We now express the relationship in units of time (years) 

and alcohol and give 95% confidence intervals. The text has been amended 

to read: 

 

“Weekly alcohol intake did not significantly increase over the phases of the 

study for the group as a whole, (change in weekly alcohol units per 10 years 

of follow-up =0.15, 95% CI=-0.21 to 0.51, p=0.4), …” 

 

POINT 16c: The next correlation coefficient is given with a confidence interval 

but the interval does not include the point estimate.  

 

OUR RESPONSE: This has been corrected: 

 

“..trends over time correlated with baseline intake (intercepts and slopes 

correlated negatively (r= -0.43, 95%CI: -0.36 to -0.50),)..” 



 

POINT 17. The text on page 23 discusses the odds ratios for the increase in 

risk with increased alcohol consumption.   The wording needs to be more 

explicit that all comparisons are being made with abstainers.  

 

OUR RESPONSE: We have amended the results text as below to make it 

clearer that the comparison group is abstainers. We have additionally 

changed the abstract results and principal findings in the discussion to 

emphasise this.  

 

“Higher alcohol consumption compared to abstinence was also associated 

with increased odds of abnormally rated hippocampal atrophy……… There was 

no protective effect (i.e. reduced odds of atrophy) of light drinking (1- <7 

units per week) over abstinence.” 

 

POINT 18. The claims on page 24 about relationships with white matter do 

not have any supporting data.  If there is no data available they should be 

deleted from the paper.  

 

OUR RESPONSE: The relationships with white matter originate from the TBSS 

analysis of diffusion tensor images, and the data is shown in Figure 4 as a 

statistical image. The colours in the maps correspond to corrected p values at 

each voxel. These p values are determined by the t statistics at each voxel 

(i.e. the strength of the uncorrected correlation between alcohol and white 

matter measure), corrected with respect to multiple comparisons using the 

threshold-free cluster enhancement method (TFCE). We have now amended 

the text to the following, to reflect the data we present in the paper: 

 

“Higher average alcohol consumption across the study was inversely 

associated with white matter integrity (Figure 4), reflected by reduced corpus 

callosum fractional anisotropy, and increased radial, axial and mean 

diffusivity.” 



 

POINT 19a. The results for alcohol and cognitive decline are reported as 

coefficients again without putting them into the units of the scales used.  

 

OUR RESPONSE: Estimates for models of cognitive decline have now been 

expressed in the text as percentage reductions in test score over time 

(years) according to weekly alcohol units consumed. For example: 

 

“The size of the difference can be interpreted as follows: subjects drinking 7 - 

<14 units experience a 0.5% greater reduction from their baseline in lexical 

fluency per year (over 30 years 14%), those drinking 14- <21 units 0.8% 

greater per year (17% over 30 years) and those drinking >21 units 0.6% per 

year (16% over 30 years) than abstainers (see Supplementary Table 6).” 

 

We have now substantially improved our analysis of cognitive decline. For 

count data (word recall from list of 20) a binomial regression has now been 

used, and for lexical and semantic fluency (which are tests within a one 

minute time constraint) Poisson regression. We included alcohol consumption 

category (0 - <1, 1-<7, 7-<14, 14-<21, >21)* as a fixed effect, to allow 

comparison of trends in cognitive test scores over times between alcohol 

intakes. Additionally, as learning effects are well described when the same 

cognitive test is presented more than once to a subject,1 we dummy coded 

for the first time the test was performed, and for the test being performed at 

the time of the scan due to the atypically short time interval between Phase 

11 and Oxford, and included interaction terms for these learning effects with 

FSIQ. The resulting estimates reflect log (odds) for the binomial regression 

model and log (mean Poisson count) for the Poisson model. As these are not 

easily interpretable, we propose they be put in Supplementary Table 6, and 

instead include in the main paper visual presentation of the results as graphs 

predicting cognitive decline over the study period (from the mixed effects 

model) for a subject of average characteristics (Figure 5).  

 



*Exploratory analysis showed no justification for a further division of those drinking 

>21 units into 21-<30 and >30 units. 

 

POINT 19b. The text only reports on the relationship with lexical decline, not 

the other measures of cognitive performance.   It would be more complete 

and less biased to report that no relationship was found with the other 

measures.   

 

OUR RESPONSE: We agree and have altered the abstract results section as 

detailed above. We have additionally added the following sentences to the 

main body of the paper: 

 

Results section 

“Higher alcohol consumption over the study predicted faster decline on 

lexical fluency but not semantic fluency or word recall (Figure 5)…… No 

significant relationships were found between alcohol consumption and cross-

sectional performance on cognitive tests performed at the time of 

scanning….” 

 

Discussion section 

“Additionally, higher alcohol consumption predicted greater cognitive decline 

on lexical fluency but not semantic fluency or word recall. ” 

 

Figure 5 shows predicted longitudinal trends for all three cognitive tests for 

completeness.  

 

POINT 19c: The authors should also be aware of the potential for the 

relationship with lexical decline to be a false positive finding.  The P-value for 

this relationship is only 0.04, and it is one of three measures considered, 

thus if they accounted for multiple comparisons it would not meet standard 

criteria for statistical significance.   They need to be more cautious in their 

claims of showing a relationship between alcohol consumption and cognitive 



decline.  

 

OUR RESPONSE: We agree that multiple testing and the possibility of a false 

positive is a concern when cognitive decline on three tests is examined and 

this is discussed under the section on limitations of the study. However, in 

the amended analyses, the p values for higher alcohol consumption 

categories*time (greater lexical decline compared to abstinence) range from 

0.015 to 0.004 (Supplementary Table 6). These p values would still be 

statistically significant, even if using a strict Bonferroni correction (0.05/3 

tests = 0.017). 

 

POINT 20. The authors should be aware of the potential for data dredging 

that they have introduced by building their structural equation model having 

seen the results of all their previous analyses.  For example, they have 

selected lexical decline to use in the model as the only measure of cognitive 

performance on the basis that it was the only measure they found to have a 

relationship.    

 

OUR RESPONSE: Given the multitude of brain, cognitive and confounder 

variables one could potentially put into a structural equation model, we took 

a pragmatic approach based on previous analyses. However, we agree this 

could introduce bias and hence this is an important point to mention in the 

discussion, which we have now done as below. We have also now explicitly 

stated in the methods that SEM was done post-hoc. 

 

“Finally, we fitted a structural equation model for alcohol, brain and cognitive 

data that was defined post-hoc. As such, results of previous analyses 

affected the choice of included variables meaning that the fit of the model 

might be over-optimistic.” 

 

 

POINT 21. Both these final points should be included in the discussion of the 



limitations of the study.  

 

OUR RESPONSE: We have now included discussion of both the points in the 

Discussion section together with the amended analysis as mentioned above. 
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