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General comments (author response in bold) 

Thank you for the opportunity to review this interesting paper. 

Comments and Questions 

1) The authors describe the study design as a case series. In general, the difference
between case series and cohort studies involves the organization of the data and the
quantification between exposure and outcomes. For case series, the data is generally
reported for each case in a table, and there can be no estimation of the relationship
between exposure and outcome but rather descriptive statistics such as proportion of
patients with delirium in the case series would be reported. It appears ... that the authors
have selected consecutive patients with covid, and then categorized them
retrospectively as either exposed or not (dexamethasone) followed them over time to
see if this was related to an outcome of interest (delirium). They then attempted to
estimate this relationship between exposure and outcome using odds ratios. It is not a
case-control study as the patients were not selected on the basis of covid-19 patients
with delirium (outcome) and then assessed to see who was exposed to dexamethasone
and who was not (exposure). I believe the study design is a retrospective medical
record review of a cohort of covid-19 patients admitted during 2 separate time periods
who were then potentially exposed to dexamethasone and delirium outcomes were
observed and their relationship was modelled using logistic regression model.
Issue addressed in comments 1, 32, and 35e above.

2a. The authors don't include definitions of the primary outcome (delirium) in the 
methods section. This needs to be included for the reader to make a determination of 
how this outcome was measured and the validity of the measurement. I don't believe 
including this in the supplement is appropriate for a primary outcome. Even in the 
supplement, only reference is made to how delirium was defined as opposed to listing 
the criteria explicitly which should be done for a primary outcome. This also naturally 
leads into the inclusion and exclusion criteria. The exclusion criteria presumably should 
include that the patients were not already meeting the outcome definition of delirium 
prior to the exposure (dexarnethasone). 
Addressed in comment 18 above. The cited Inouye chart review method is the 
reference standard for extracting delirium information retrospectively from charts. 
The method uses various keywords to detect delirium when the word "delirium" 

isn't explicitly used. The reference for this approach is provided in the 

manuscript, which provides the full details of the methods. 

2b. Given the high degree of dementia and frailty in this population, i would expect 
many patients at the time of hospital admission would have already had some 
component of delirium and delirium may in fact have been an indication for their 



admission to hospital. In examining Table 2, this seems to be supported by the large 
difference reported in delirium incidence and delirium prevalence. In fact, the authors 
define delirium prevalence as 'delirium present at the time of hospital admission'. 
Without excluding these patients, the 'incidence' of delirium would have been 
exaggerated in both groups and led to biased associations between exposure and 
outcome. 
Thank you for pointing that out. We've revised the new table 5 (regression 
analysis) and the corresponding sections in the main text to reflect the removal of 
those who presented with delirium. After correcting the analysis, there's now a 
significant increase in delirium incidence with dexamethasone use in the 
unadjusted analysis, but the adjusted analysis is still non-significant. 
"Since dexamethasone was associated with increased delirium incidence in the 
unadjusted analysis, we created a multivariable model to determine whether there 
was an independent relationship. In a multivariable model (Table 5), 
dexamethasone use was not independently associated with delirium incidence in 
wave 2 (adjusted odds ratio, aOR, 1.58, 95% Cl 0.90-2.79) after adjusting for age 
(aOR 1.18 for every 5 years increase, 95% Cl 1.03-1.37), dementia (aOR 3.21, 95% 
Cl 1.65-6.35), ICU admission (aOR 6.54, 95% Cl 3.56-12.38), and clinical frailty 
scale (1.48, 95% Cl 1.21-1.83)." - page 8, line 345 

3. In the inclusion criteria, the authors state that covid-"19 patients were identified by 
PCR but they need to clarify if only PCR done in hospital was used to define this 
diagnosis (day 0) or whether PCR done in the community prior to hospitalization was 
also sufficient for inclusion? This matters because the time delay between diagnosis 
and treatment creates an issue with immortal time bias. I notice that the authors 
attempted to quantitate the difference in time at baseline from the time of prodromal 
symptoms to covid-19 diagnosis, but this is only part of the period that may contribute to 
immortal time bias since there may have also been a difference between covid-19 
diagnosis in the community and time to hospitalization and time to treatment with 
dexamethasone. Do the authors have the ability to quantitate the delay in time from 
diagnosis to exposure as this appears to be a time-variant exposure variable which 
would need to be accounted for in the modelling to avoid immortal time bias. 
We agree with this comment. We do not have information regarding when 
dexamethasone was started for each patient, so we will add immortal time bias as 
a limitation. 
Added line: 
"The timing of dexamethasone initiation was also not captured, so the 
multivariable model may be impacted by immortal time bias [43]." - page 12, line 
567 

4. Why did the authors choose to analyse the data separately for the acute care and 
L TC/rehab patients? Would it have not been more efficient to include an interaction term 
in the model to see if there was effect modification on the relationship between exposure 
and outcome? 
Addressed above in comment #41. Since the populations and treatments are 
different on many aspects, we separated the analyses. Furthermore, the number 
of patients in each group is also very different, with most people in the acute care 
setting. 

5. In the methods section, the authors did not provide the variables that they intended to 
include in their logistic regression model to account for confounding a priori, or if they 



intended on selecting variables to include through some process such as step-wise 
addition or deletion. More detail on the modelling needs to be provided in the main text. 
Addressed above in comments #17 and 44. 

6. In the methods section, the authors also did not provide any detail on how their 
modelling might account for immortal time bias or selection bias. It appears quite 
obvious from the results section that there was significant selection bias given that 
dexamethasone was associated with markedly higher mortality rates, increased lengths 
of stay and ICU admission, findings that are in marked contrast to outcomes reported in 
RCTs of dexamethasone in hospitalized covid-19 patients. Did the authors ever 
consider using propensity score weighting or other methods in their modelling to account 
for selection bias. 
We tried to account for the selection of sicker patients by use of the ICU 
admission variable in the model. Given that dexamethasone is specifically used 
on sicker patients, we think that selection bias will be present despite additional 
modeling (confounding by indication). The finding from the model is that 
dexamethasone does not increase delirium incidence after adjustment. We don't 
think additional analysis would change the overall conclusion. 
Added limitation: 
"Fifth, despite adjusting for clinically relevant variables, residual selection bias is 
possible given that dexamethasone was only used in sicker patients." - page 12, 
line 568 

7. The reported incidence proportions for delirium in hospital in the results section do 
not match those reported in Table 2? Please explain? 
Thank you for flagging this. We removed the line" ... and more likely to have 
delirium onset in hospital (32.5% vs. 21.3%) ... " on page 7 in the results section 
because delirium incidence was already discussed in the paragraph preceding. 
We also corrected table 2 to make the delirium incidence denominator correct, as 
suggested in comment 2b above. 

8. In the reporting of the regression results in supplement table 2, there is no report of 
the number of cases that were actually included in the final model? 
Added caption in table: 
"Number of records in model: 395" - table 5 

9. The authors conclude in the discussion that dexamethasone use was associated with 
increased delirium prevalence but not delirium incidence. How could an exposure be 
associated with an outcome when that outcome precedes the exposure? The authors 
comment on this as a limitation but presumably they should have excluded patients with 
delirium at the time of hospital presentation as this would have to have preceded their 
exposure to dexamethasone unless the patient was already prescribed dexamethasone 
prior to being admitted to hospital? 
Addressed in comment 2b above. 

Overall, the research question is an important one as there are many known 
consequences to steroid treatment in the elderly such as delirium that can have 
important implications not only for the treatment of covid-19 but also for other illnesses 
where steroids may be indicated. The issue with the study is the statistical analyses fails 
to account for all the usual biases that plague observational studies which is further 
compounded by the misclassification of the outcome preceding the exposure in those 



patients with delirium at the time of hospitalization. While all of these present significant 
threats to the interpretation of the results, the misclassification bias by far and away 
completely invalidates the results and interpretation. It certainly would have benefitted 
from the involvement of a biostatistician or methodologist which i assume did not occur. 
Misclassification bias was addressed in editor's comments #21 and 29c, as well as 
reviewer 1 comment 2a above. 

Reviewer 2: Dr. Emily McDonald 
Institution: McGill University 
General comments (author response in bold) 

Thank you for the opportunity to review this manuscript of observational data on COVID-
19 hospitalizations in Ontario. I can see that the authors have put a lot of work into the 
manuscript and preparing the data. The manuscript if well-written but I have concerns 
regarding how the data is analyzed and interpreted. I hope the authors find these 
comments formative in terms of additional analyses that could be performed to 
strengthen the information they are reporting. 

Abstract: please include more details about the methodology (patient selection-> 
consecutive? Convenience sample?) and more details about the logistic regression 
(outcomes that were being predicted). 
Added lines in method section of abstract: 
"Consecutive hospitalized older adults aged ~65 years with confirmed COVID-19 
infection were included." - Abstract, Methods section 
And 
"A logistic regression model was used to determine the association of 
dexamethasone use and delirium incidence." - Abstract, Methods section 

Introduction: 

Please add next to the statement "there were more treatments available" some of the 
treatments that were available at the start of wave 2 with an evidence base in August 
2020 with references (move up lines 14-16 and references at first mention of more 
treatments available). 
We rewrote the introduction to reflect the removal of wave comparison in the 
paper, so we included the treatment paragraph later in the introduction for flow. 
"Advances in the treatment of COVID-19 infection enabled care teams to augment 
supportive care. Therapies found to be effective for treatment of hospitalized 
COVID-19 patients in wave 2 included dexamethasone [4], remdesivir [5] and 
tocilizumab [6]. The use of dexamethasone led to concerns of increased delirium 
risk in older adults [7], but delirium was not measured in randomized trials [4]. 
Other drugs such as azithromycin [8], lopinavir-ritonavir [9], and 
hydroxychloroquine [9] were no longer used in wave 2 due to lack of efficacy. For 
non-pharmacologic treatment, proning [1 O] was found to be helpful for improving 
oxygenation, a technique used commonly in wave 2." - page 1, line 15 

It would be great if the authors could include a visual timeline of wave 1, 2, etc ... , when 
dexamethasone was published in NEJM, when vaccination in L TC started in Canada 
etc .. I think this would help situate the manuscript in time. 
We are happy to create this figure if the editor wants it. We are mindful that the 
manuscript is already lengthy with a number of tables. 



Objectives: 

The objectives were to compare (i) differences in patient characteristics, treatment and 
outcomes of hospitalized older adults with COVID-19 between waves 1 and 2, and (ii) 
patient characteristics and outcomes in those receiving dexamethasone, remdesivir and 
tocilizumab during wave 2. 

I think it would help to add an "In order to .... " statement. Would complete the objectives 
with a rationale for why you want to compare these things. Elucidate lessons learned 
about improved care? Demonstrate that there is still room for improved care for older 
adults hospitalized with covid-19? Etc ... 
Addressed in editor's comment #37 above. Wave comparisons removed. 

How about determine if dexamethasone was associated with delirium? Wasn't this a 
major objective? It was the only logistic regression model that was built. 
Addressed in editor's comment #33 above. Added line: 
"Our objectives were to .... determine the relationship between dexamethasone 
use and delirium, given concerns of an association between dexamethasone use 
and delirium incidence in older adults and the lack of delirium outcomes in 
randomized trials." - page 2, line 30 

Methods: 

Please include what defined the timelines for wave 1 vs wave 2 (based on case counts? 
Based on public health definition?) 
Addressed in editor's comment #9 above. 
"Wave 2 started on August 1, 2020, as defined by Toronto Public Health [14]." -
page 2, line 42 

Can remove COVI D-19 from inclusion criterion 2 (I think it's redundant based on the first 
inclusion criterion, along with the exclusion criteria) 
Removed COVID-19 reference in criterion 2. 
"2. Age ~65 years." - page 3, line 113 

Would specifically mention if this study includes all patients with PCR positive COVID-19 
admitted to these centers in Ontario. If so, this is a major strength of the study and why 
not call it a retrospective cohort instead of a case series? 
Added Ii nes: 
"This is a multicentre retrospective cohort study." - page 2, line 35 
"We included consecutive adults aged 65 and over with COVID-19 infection, 
admitted to one of the included hospitals.", page 2, line 45 

Please add a section called outcomes and list the outcomes and their definitions: I see 
so far, that you looked at: mortality, length of stay, death, use of dexamethasone, 
remdesivir and tocilizumab (wave 2 only) etc ... 
Added as suggested by editor's comment #18 and #20 above. 
"Outcomes were recorded, including in-hospital mortality, intensive care unit 
(ICU) admission, length of stay, and in-hospital complications. Complications 
were defined as events associated with COVID-19 infection, such as venous 
thromboembolism, respiratory failure, and cardiovascular events (25]. We also 



recorded geriatric complications such as in-hospital falls and physical restraint 
use." - page 4, lines 152 

Difference in treatments wave 1 and wave 2: When were these treatments available in 
wave 1 with an evidence base? This should be mentioned so it can be taken into 
context. I see that, for example, the authors only look at factors associated with their use 
in wave 2. 
Removed wave comparison. 

Major findings on univariate comparisons: 
Length of stay was reduced in wave 2 
Mortality was the same in wave 2 

Why not have these as outcomes and build a logistic regression model to look for 
associated factors? 
Removed wave comparison. 

Any data on the incidence of vaccinated people admitted in wave 2 vs wave 1? 
There was insufficient data on this, as large-scale community vaccinations were 
just beginning in wave 2. Removed wave comparison. 

Discussion: 

D1 Because there were so many changes between wave 1 and 2, I don't think outcomes 
can really be compared without some statistical attempts to account for differences when 
describing changes in outcomes such as length of stay, mortality, use of certain 
treatments. There is a lot of data here, but I think it would be worthwhile selecting some 
outcomes (as the authors did) and then attempting to control for the many different 
confounders in determining if these differences between waves 1 and 2 were really 
significant. 
Removed wave comparison. 

D2 I would also suggest that there needs to be something that pulls all of this data 
together (why should we compare waves 1 and 2? What is the goal? Because it's not 
unexpected that there were differences between the 2 waves, but what conclusions can 
and should we draw from this?) And also, this conclusions can really only be drawn after 
accounting for important confounders and not based on univariate comparisons. 
Same response as D1 above. 

D3 If the authors select LOS and mortality as outcomes and account for all the potential 
confounders (including, for example, vaccination status) and treatments received, then 
they could discuss why mortality might be unchanged. Without accounting for 
confounders, it's not possible to directly compare mortality and say it remained 
unchanged. There has to be an attempt to control for potential confounders and not just 
a direct comparison. This was done for delirium in the manuscript but not for other 
important outcomes. Any reason why not? 
A multivariable model was only created for the relationship between 
dexamethasone and delirium using the wave 2 cohort (not a comparison between 
waves 1 and 2). We did not look at dexamethasone and mortality in the regression 
analysis because of confounding by indication (only sick patients received 



dexamethasone). Even after adjustment, dexamethasone would still be associated 
with increased risk of death. 

D4 I worry that the discussion isn't entirely valid as it is based on raw comparisons 
between the two waves. Lots of great data to work with here with the statistician though 
for a next iteration. 
Same response as D1 above. 

The limitations section doesn't capture the major limitation which is that the data is too 
subject to confounding to draw conclusions without an attempt at statistical means of 
controlling for major differences between the two waves. 
Added limitation: 
"Eighth, we did not conduct regression analysis for outcomes between wave 1 
and 2 because of the significance of unknown factors, including change in 
disease virulence and illness severity." - page 12, lines 349-351 


