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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 
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ARTICLE DETAILS 

TITLE (PROVISIONAL) Associations of volume and other hospital characteristics on 
mortality within 30 days of acute myocardial infarction in South 
Korea 

AUTHORS Han, Kyu-Tae; Kim, Sun Jung; Kim, Woorim; Jang, Sung-In; Yoo, Ki 
Bong; Lee, Seo Yoon; Park, Eun-Cheol 

 

VERSION 1 - REVIEW 

REVIEWER Deborah Randall 
Centre for Big Data Research in Health, UNSW Australia 

REVIEW RETURNED 29-Jul-2015 

 

GENERAL COMMENTS Comments  
 
1. I don’t understand why the propensity score matching was used to 
choose hospitals to include in the study. Please explain further and 
add more detail to the description. What was the outcome in the 
propensity model? Why not just include all possible hospitals, private 
and public and explore differences across these, while adjusting for 
differences in patient characteristics? Wouldn't limiting the hospitals 
included to those that are similar limit the ability of the analysis to 
determine the strength of the association between hospital-level 
variables and outcomes?  
 
2. I would suggest removing length of stay from the model. It is a 
competing risk outcome with death, ie those who die early cannot 
have a long length of stay, but may have if they had not died. Due to 
the deaths, it is confusing to interpret – those who are seriously ill 
could have a very short length of stay (because they died) or a very 
long length of stay.  
 
3. I am a bit concerned about multicollinearity among the hospital-
level variables. I would assume that many of the hospital-level 
variables are going to be highly correlated, e.g. hospital volume, 
number of specialists, number of beds, teaching status, region etc. 
Has this been checked and considered by the authors? If it is the 
case, this makes it difficult to interpret the regression coefficients 
when they are all added into the model at the same time. The 
stratified analyses go some way towards dealing with this when 
interpreting hospital volume, which definitely strengthens the results 
for the effect of hospital-volume on the outcome. How do the fully 
adjusted coefficient values for these hospital-level variables 
compare to the coefficients when each hospital-level variable is 
added one at a time? If they are very different, then it could be due 
to collinearity.  
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4. Also, the hospital-level variables could be acting as proxies for 
other unmeasured factors such as distance to hospital (higher 
volume hospitals may be in more populated areas meaning that the 
average time to hospital is lower) or general quality control 
measures in place in the hospital. Therefore it is difficult to make 
such strong conclusions about the specific aspects of the hospital 
that must be changed to increase survival at 30 days. Some caveats 
about this should be mentioned in the discussion.  
 
5. Also on the hospital-level variables, has the functional form been 
tested for all the variables? The hospital volume variable has been 
log-transformed, but others are just added as continuous 
untransformed variables, if I understand correctly. Have the authors 
checked that the relationships are linear? Please put in details in the 
methods section. If there is concern about the linearity, then it may 
be better to categorise these variables.  
 
Minor comments and suggested edits:  
 
Abstract, Page 3, para 1, line 1: Please clarify where mortality for 
AMI has declined. In Korea? In developed countries?  
 
Abstract, Page 3, para 6, line 2: “per increases 2.72-fold” – this is 
confusing without the explanation on the logarithmic conversion that 
is in the Methods section, as 2.72 appears like an outcome ratio. 
Can this be rewritten in more plain English terms in the abstract, e.g. 
"with an almost 3-fold increase in volume of patients there was a 
23% reduction in the odds of 30-day mortality (OR: 0.77... )", or 
maybe "with an increase in one log-unit in volume of patients there 
was a 23% reduction...".  
 
Abstract, Page 3, para 6, line 3: “In addition, hospitals…were 
associated…”  
 
Page 4, bullet point 1: There are many strengths to using national 
claims data, but they suffer from the same limitations as all 
observational data in terms of generating strong evidence, so I 
wouldn’t say this is a strength. There are many issues in terms of 
measurement error, unmeasured confounding etc that can impact on 
the ability to make claims about causal associations that are needed 
for strong evidence. Strengths are more around having access to 
whole-of-population data that is not subject to recall bias, and 
monitoring outcomes in real-world situations rather than in highly 
controlled trial environments.  
 
Page 4, bullets 2 and 3: These are results, not strengths or 
limitations. Should they go here?  
 
Page 5, para 2, line 3: Is there a reference that links the higher 30-
day AMI mortality in Korea with poorer acute quality of care? I think 
it would be better to stick to the fact that there is higher 30-day 
mortality in Korea, rather than making the leap to the cause being 
acute quality of care. There may be other differences in the 
population that cause the higher 30-day mortality, e.g. more complex 
cases, higher levels of comorbidity etc.  
 
Page 5, para 3, line 2: Clarify that they are hospitals with higher 
volumes of AMI admissions (if this is the case) rather than just 
general higher volumes of all patients.  
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Page 5, para 4, line 1: If there are some studies already, what have 
they found? Specify why this study is necessary.  
 
Page 6, para 3, line 1: How was date of death included in the study? 
Please explain how this is added to the hospitalisation record. Was it 
linked probabilistically or deterministically? By whom? Is there any 
concern about the quality of this linkage?  
 
Page 6, para 3, line 3: How could the authors identify a patient’s first 
date of admission? Previously it was stated (in the limitations bullet 
point) that it was not possible to identify patients, only 
hospitalisations.  
 
Page 9, para 1, line 5: Confusing – is this jumping to the results from 
the adjusted analysis in Table 3? Results that are in tables don’t 
need to be specified in the text, but it is not clear when reading 
whether these results are adjusted or not.  
 
Page 10, para 2, line 2: Confusing sentence. Do you mean that 30-
day mortality could be reduced by odds of 23% given an increase in 
1 log-unit of volume?  
 
Figures: ORs make more sense on a logarithmic axis.  
 
Figures: the double asterisk seems to be referring to those factors 
that are significant at the 95% level in the figure, but then this is not 
the note at the bottom. 

 

REVIEWER Doris Tove Kristoffersen 
Quality Measurement Unit, Norwegian Knowledge Centre for the 
Health Services, Oslo, Norway 

REVIEW RETURNED 01-Aug-2015 

 

GENERAL COMMENTS This manuscript reports 30-day mortality for patients with acute 
myocardial infarction (AMI) in Korea. The outcome is based on 
admissions rather than patients. From a total of 1730 hospitals, 
patients from 114 hospitals have been included in order to explore 
the relationship between 30-day mortality and hospital 
characteristics, i.e., hospital volume, medical specialists, rural/ urban 
location, teaching status and ownership. I suggest to include some 
more details in Material & Methods to better explain how data have 
been obtained and analyzed.  
 
Comments:  
Abstract  
Objective:  
Add ‘worldwide’ to the first sentence or go right on ‘Improvements in 
acute care for acute…’?  
Results:  
2nd line: Use ‘30-day’ (not ‘30 day’) to be consistent throughout the 
text.  
The phrase ‘per increases 2.72-fold’ is likely to confuse the reader. I 
believe more readers are familiar with the term OR without adding 
‘per increases 2.72’. After reading the manuscript, I believe the 
authors would like to stress that the OR (for death versus no death) 
for one unit increase in volume on the log-scale is 0.77, when 
modeling volume as a continuous variable?  
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Last sentence: Should be ‘were’0 (and not ‘was’) as referring to 
hospitals (plural) rather than a proportion?  
Conclusion  
As far as I understand, no evaluation of performance and 
management program have been done and reported in the 
manuscript. The findings indicate that higher volume and more 
specialists are associated with lower mortality for patients with AMI. 
Health policy makers may influence this by for instance increase the 
proportion of specialists and/or define a minimum volume for 
hospitals treating patients with AMI. The distinction between 
avoidable and non-avoidable deaths has not been evaluated and 
reported in the study. Thus, I believe it is more appropriate to state 
that to lower the 30-day mortality following AMI, the policy makers 
may need to include volume and staffing when defining the 
framework for treatment of AMI in Korean hospitals. The conclusion 
should be rewritten.  
 
Introduction  
Second paragraph: 30-day mortality – singular or plural, i.e. should 
‘provide’ be ‘provides’ or ‘are’ replaced by ‘is’?  
Materials and methods  
You need to add data source information.  
Study population  
Total number of hospitals – how was the number of hospitals 
identified? I understand that there was a total of about 1730 
hospitals in Korea for the time period investigated – was information 
obtained from the health authorities? How many of the hospitals 
admitted patients with AMI? It is unclear to me how you identified 
156 hospitals – was the number of 117 the closest to achieve 3 
private hospitals for each public hospital? It seems like the hospitals 
were selected according to the strata before picking the hospitals 
that admitted patients with AMI. It might have been better to identify 
public hospitals that admitted patients with AMI and then randomly 
sample private hospitals (admitting patients with AMI) according to 
the ratio 1:3 for each strata? Due to the large number of private 
hospitals, was random sampling within each strata done or how did 
you identify the matching hospitals (nearest neighbor matching, 
stratification matching etc.)? Include a reference to propensity score-
matching and the method you used?  
As the unit of analysis is hospitalizations, you have not accounted 
for patients transferred between hospitals in order to receive for 
instance PCI. Do you have any information regarding the proportion 
of patients that were transferred to receive such specialized 
treatment? Were all hospitals equally well equipped to do such 
specialized treatment or did matching and strata account for this? Is 
teaching status a surrogate for performing important treatments as 
PCI as CBAG etc?  
Is type of insurance coverage determining which type of hospital a 
patient is admitted to?  
Variables  
Is there a common patient registry for all patients regardless of 
private or public hospital or do the assurance companies keep the 
data bases for all patients admissions? I think there need to be a 
clear statement on how data were obtained and list the variables per 
source.  
How was status (dead/alive) after 30 days obtained – is there a 
National Registry or by the assurance companies? If you were able 
to identify deaths occurring outside hospital within 30 days, wouldn’t 
you be able to identify the number of unique patients and the 
number of patient transferred between hospitals as well?  
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Page 9 of 28 pages, lines 14-31, consider including this paragraph in 
Statistical analysis as this seems to be part of data manipulation for 
the analyses. I do not understand what was done by “The number of 
hospitalizations due to AMI was transformed … to reflect the 
difference in mortality according to … used for multilevel analysis” 
The text indicates equations that are lacking in my version, so there 
might be problems due to converting to pdf-format? A mathematical 
expression would be helpful to understand what has been done – or 
include more details in an appendix? Is the AMI volume relative to 
the total volume for the actual hospital? Would any pre hospital 
triage protocol affect to which hospital a patient is admitted? Were 
only acute admissions included, i.e., patients included for a planned 
PCI were not included in the study? Based on which variables and 
when (previous admissions or actual admission) were the values 
obtained for the Charlson Comobidity Index – based on previous 
hospitalizations or only the present one? Does total population refer 
to all patients at a hospital, i.e. not limited to the number of patients 
with AMI?  
I think it is appropriate to report the number of hospital  
Statistical analysis  
This section would benefit from a more detailed description of the 
models used; for instance which variables were included in which 
model and whether they were included as categorical or continuous 
variables, categorizations, calculations of ratios, transformations to 
achieve assumptions of normality or linearity etc. It seems like 
logistic regression models have been used and you report the 
results on the logit scale, please state what you have done. Was the 
assumption of normality fulfilled for the variables used in the 
ANOVA? Table 2 shows a very biased hospital volume as the mean 
is 199.8 with a standard deviation of 398.5. Did you explore 
interactions or was main effects only examined, then stratified 
analyses?  
There are no corrections for multiple comparisons, any comments 
on this?  
 
Discussion  
Page 14 (pdf manuscript), line 26: I do not understand what is meant 
by ‘expansion of the human infrastructure’.  
Page 14, line 44. May private hospitals have better outcome due to 
difference in socio-economic status? The Results indicate that low-
income, disabled and elderly population are covered by national 
health insurance and treated at public hospitals? In general, the 
literature report patients with lowest socioeconomic status to have 
higher risk of death, how may the volume of these patients affect the 
outcomes reported.  
Conclusions  
The conclusion at the end is more correct then the Conclusion 
written in the Abstract. 

 

VERSION 1 – AUTHOR RESPONSE 

Response to Reviewer #1’s Comments  

 

Major Comments: I don’t understand why the propensity score matching was used to choose 

hospitals to include in the study. Please explain further and add more detail to the description. What 

was the outcome in the propensity model? Why not just include all possible hospitals, private and 

public and explore differences across these, while adjusting for differences in patient characteristics? 

Wouldn't limiting the hospitals included to those that are similar limit the ability of the analysis to 
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determine the strength of the association between hospital-level variables and outcomes?  

 

Response: Thank you for your careful review. There were about 1730 hospitals in South Korea, and 

medical records of each patient could only be collected after the introduction of the National Health 

Insurance Services in 1989. It would have been ideal had we been able to use data from all hospitals 

in Korea. However, there were some difficulties in accessing patient information due to issues such as 

ethics. Therefore, we needed to extract representative hospital samples from all hospitals as 

effectively as possible. Given that the number of public hospital was just 39 among total 1730 

hospitals in South Korea, we considered that it could cause baseline imbalances due to differences in 

hospital characteristics. Thus, the propensity score matching was used to reduce bias resulting from 

the observed covariates and to deal with the usual baseline imbalances across hospitals.  

 

In the propensity score matching method, the outcome variable was propensity score. The propensity 

score is the probability of a unit being assigned to a particular treatment given a set of observed 

covariates. Based on these scores, we matched each sample using the nearest neighbor methods 

(1:3). Of course, there were some concerns about limitations, as mentioned in your comment, but we 

had no choice due to problems in the process of extracting data from the database. To help readers 

better understand, we have slightly revised the manuscript and added some references. In addition, 

we also added limitations related to propensity score matching in the process of data extraction.  

 

Schreyögg, Jonas, Tom Stargardt, and Oliver Tiemann. "Costs and quality of hospitals in different 

health care systems: a multi‐level approach with propensity score matching." Health Economics 20.1 

(2011): 85-100.  

 

Rubin, Donald B., and Neal Thomas. "Combining propensity score matching with additional 

adjustments for prognostic covariates." Journal of the American Statistical Association 95.450 (2000): 

573-585.  

 

 

Major Comments: I would suggest removing length of stay from the model. It is a competing risk 

outcome with death, ie those who die early cannot have a long length of stay, but may have if they 

had not died. Due to the deaths, it is confusing to interpret – those who are seriously ill could have a 

very short length of stay (because they died) or a very long length of stay.  

 

Response: Regarding your comment, we excluded the variables for ‘length of stay’. Nevertheless, the 

overall trends in 30 days mortality by each variable were similar with the previous model which 

included length of stay. Based on such re-analyses, we revised the manuscript and tables. We also 

made changes in the figures into different styles to help the interpretations of authors.  

 

 

Major Comments: I am a bit concerned about multicollinearity among the hospital-level variables. I 

would assume that many of the hospital-level variables are going to be highly correlated, e.g. hospital 

volume, number of specialists, number of beds, teaching status, region etc. Has this been checked 

and considered by the authors? If it is the case, this makes it difficult to interpret the regression 

coefficients when they are all added into the model at the same time.  

 

The stratified analyses go some way towards dealing with this when interpreting hospital volume, 

which definitely strengthens the results for the effect of hospital-volume on the outcome. How do the 

fully adjusted coefficient values for these hospital-level variables compare to the coefficients when 

each hospital-level variable is added one at a time? If they are very different, then it could be due to 

collinearity.  
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Response: We totally agreed with your comment, and we performed additional analyses to investigate 

the  

multicollinearity issue for hospital level variables. By the results of the analyses for multicollinearity, it 

can be seen that the variables used in this study did not have multicollinearity issues as the VIF 

(Variance Inflation Factor) of each variable was less than 10.  

 

We also compared the differences between fully adjusted model and model for each hospital-level 

variables based on your comment. Based on the results, there were no significant differences. 

Therefore, the model used in this study had no problems related to multicollinearity.  

 

 

Major Comments: Also, the hospital-level variables could be acting as proxies for other unmeasured 

factors such as distance to hospital (higher volume hospitals may be in more populated areas 

meaning that the average time to hospital is lower) or general quality control measures in place in the 

hospital. Therefore it is difficult to make such strong conclusions about the specific aspects of the 

hospital that must be changed to increase survival at 30 days. Some caveats about this should be 

mentioned in the discussion.  

 

Response: We totally agreed with your comment. Based on your comment, we added such limitations 

in the discussion section and also added references related to those as follows: “Fourth, the data 

used in this study could reflect information about both patient and hospital-level variables, because 

these data were collected into the national database by NHIS. However, we could not include all of 

the detailed factors such as the distance to hospitals due to data limitations. Thus, it may be difficult to 

make strong conclusions based on only our results.”  

 

 

Major Comments: Also on the hospital-level variables, has the functional form been tested for all the 

variables? The hospital volume variable has been log-transformed, but others are just added as 

continuous untransformed variables, if I understand correctly. Have the authors checked that the 

relationships are linear? Please put in details in the methods section. If there is concern about the 

linearity, then it may be better to categorise these variables.  

 

Response: Based on your comment, we performed test for each hospital-level variable. As results of 

those tests, there were problems with normality in hospital-level variables. Therefore, we transformed 

hospital-level continuous variables into categorical form, and performed re-analyses including 

hospital-level variables which transformed into categorical variables based on your comment. There 

were significant differences after re-analyzing compared with previous analyses, and the results had 

similar trends. Regarding the results in the re-analyses based on your comment, we revised the 

overall manuscript, tables, and figures.  

 

 

Minor comments: (Abstract, Page 3, para 1, line 1) Please clarify where mortality for AMI has 

declined. In Korea? In developed countries?  

 

Response: The mortality due to AMI was reduced over the world after development of medical 

technologies. Considering your comment, we revised that sentence as “The mortality for acute 

myocardial infarction (AMI) has declined worldwide.”  

 

 

Minor comments: (Abstract, Page 3, para 6, line 2) “per increases 2.72-fold” – this is confusing 

without the explanation on the logarithmic conversion that is in the Methods section, as 2.72 appears 

like an outcome ratio. Can this be rewritten in more plain English terms in the abstract, e.g. "with an 

 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-2015-009186 on 6 N

ovem
ber 2015. D

ow
nloaded from

 

http://bmjopen.bmj.com/


almost 3-fold increase in volume of patients there was a 23% reduction in the odds of 30-day mortality 

(OR: 0.77... )", or maybe "with an increase in one log-unit in volume of patients there was a 23% 

reduction...".  

 

Response: By your above comment, we transformed continuous variables such as hospital volume 

into categorical variables, because those variables had problems related to normality. Therefore, we 

revised the overall manuscript, and such interpretation (i.e. per increases 2.72-fold) was deleted from 

the manuscript.  

 

 

Minor comments: (Abstract, Page 3, para 6, line 3) “In addition, hospitals…were associated…”  

 

Response: Thank you for your comment. We revised that sentence by your comment as follows: “In 

addition, hospitals with a greater proportion of specialists were associated with better outcomes”.  

 

 

Minor comments: (Page 4, bullet point 1) There are many strengths to using national claims data, but 

they suffer from the same limitations as all observational data in terms of generating strong evidence, 

so I wouldn’t say this is a strength. There are many issues in terms of measurement error, 

unmeasured confounding etc that can impact on the ability to make claims about causal associations 

that are needed for strong evidence. Strengths are more around having access to whole-of-population 

data that is not subject to recall bias, and monitoring outcomes in real-world situations rather than in 

highly controlled trial environments.  

 

Response: Thank you for your helpful comment. We re-wrote the bullet point section regarding your 

comment.  

 

 

Minor comments: (Page 4, bullets 2 and 3) These are results, not strengths or limitations. Should they 

go here?  

 

Response: Thank you for your helpful comment. We re-wrote the bullet point section regarding your 

comment.  

 

 

Minor comments: (Page 5, para 2, line 3) Is there a reference that links the higher 30-day AMI 

mortality in Korea with poorer acute quality of care? I think it would be better to stick to the fact that 

there is higher 30-day mortality in Korea, rather than making the leap to the cause being acute quality 

of care. There may be other differences in the population that cause the higher 30-day mortality, e.g. 

more complex cases, higher levels of comorbidity etc.  

 

Response: The reference was a kind of report for program which evaluated to outcomes in AMI 

patients by providing services in each hospital. This report measured structural, process, outcome 

indicators to evaluate whether optimal services were provided to AMI patients. Thus, this report was 

well-demonstrated to outcomes and quality of care in AMI. However, the report not explained that 

higher mortality with poor quality of care. Therefore, we little revised this sentence as follows: 

“Nevertheless, 30-day mortality after AMI hospitalization, which provides good indications of acute 

care quality, is higher in Korea than in other Organization for Economic Co-operation and 

Development (OECD) countries”  

 

 

Minor comments:  
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(Page 5, para 3, line 2) Clarify that they are hospitals with higher volumes of AMI admissions (if this is 

the case) rather than just general higher volumes of all patients.  

 

Response: Considering your comment, we revised that sentence as follows: “Some have found that 

hospitals with higher AMI volumes have lower mortality, as volume leads to the mastery of specific 

treatments”  

 

 

Minor comments: (Page 5, para 4, line 1) If there are some studies already, what have they found? 

Specify why this study is necessary.  

 

Response: Some studies which related to AMI were performed in South Korea, but the studies were 

major focused to relationship between patient`s outcomes and specific clinical factors as procedures 

rather than hospital characteristics. In particular, studies which considered hospital structural 

characteristic, hospital staffing and hospital volumes were not performed in South Korea so far. 

Therefore, there were needed to investigate such factors and outcomes in AMI to establish effective 

strategies for management in AMI patient. Regarding your comment, we little revised manuscript as 

follows: “To date, some studies have examined the relationship between outcomes in AMI and clinical 

factors as surgery and procedure, but there are a few studies which examined the relationship 

between 30-day AMI mortality and hospital characteristics in South Korea.”  

 

 

Minor comments:  

(Page 6, para 3, line 1) How was date of death included in the study? Please explain how this is 

added to the hospitalisation record. Was it linked probabilistically or deterministically? By whom? Is 

there any concern about the quality of this linkage?  

 

Response: Thank you for your helpful comment. The data used in this study was a kind of National 

Health Insurance data. Although these types of data generally do not include information about death, 

the data included personal information which could link individuals to their mortality data. Therefore, 

data used in this study could be merged with information for death based on personal identification 

code before extracting them from the database. Of course, the personal information such as 

identification code was encrypted after extracting these data from the national database. For that 

reason, hospitalization cases could not link with personal information. To assist more interpretation of 

readers, we revised some of the method section.  

 

 

Minor comments:  

(Page 6, para 3, line 3) How could the authors identify a patient’s first date of admission? Previously it 

was stated (in the limitations bullet point) that it was not possible to identify patients, only 

hospitalisations.  

 

Response: Similar to the response for the above comment, data used in this study could be linked 

with detailed information regarding mortality data before extraction from the national database due to 

ethics issues. Additionally, we could not identify units of patients due to anonymity of data after 

extracting from the national database. Thus, we defined first data of hospitalization date as the first 

date of admission, and assumed 30 days mortality which occurred within 30 days from first date of 

hospitalization. To avoid confusion of the readers, we revised that sentence as the following: “We 

identified each hospitalization case’s first date of admission in the calendar year during the study 

period as the index date.”  
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Minor comments:  

(Page 9, para 1, line 5) Confusing – is this jumping to the results from the adjusted analysis in Table 

3? Results that are in tables don’t need to be specified in the text, but it is not clear when reading 

whether these results are adjusted or not.  

 

Response: We apologize for the confusion. That sentence which explained the results of table 3 was 

wrongly specified. Thus, we revised the overall results section after reviewing the results of the 

analysis. In addition, we revised the manuscript by deleting results which were not needed to be 

specified in the text based on your comment.  

 

 

Minor comments:  

Page 10, para 2, line 2: Confusing sentence. Do you mean that 30-day mortality could be reduced by 

odds of 23% given an increase in 1 log-unit of volume?  

 

Response: Based on your comment, we performed re-analyses including hospital variables which 

were transformed into categorical variables. Therefore, we revised the results section, and deleted the 

information regarding your comment- interpretation for log-transformed variables based on re-

analyses.  

 

 

Minor comments:  

Figures: ORs make more sense on a logarithmic axis.  

 

Response: Based on your comment above, we performed re-analyses by transforming variables into 

categorical variables. Therefore, we made changes in the overall manuscript, table, and figures.  

 

 

Minor comments:  

Figures: the double asterisk seems to be referring to those factors that are significant at the 95% level 

in the figure, but then this is not the note at the bottom.  

 

Response: Regarding your helpful comment, we revised both figures and figure legends.  

 

 

 

Response to Reviewer #2’s Comments  

 

Major Comments: (Abstract; Objective) Add ‘worldwide’ to the first sentence or go right on 

‘Improvements in acute care for acute…’?  

 

Response: Thank you for helpful comment. Regarding your comment, we little revised objective 

section in abstract as follows: “The mortality for acute myocardial infarction (AMI) has declined 

worldwide. However, improvements in care for AMI in South Korea have lagged slightly behind those 

in other countries.”  

 

 

Major Comments: (Abstract; Results: 2nd line) Use ‘30-day’ (not ‘30 day’) to be consistent throughout 

the text.  

 

Response: Regarding your comment, we changed “30 day” into “30-day” throughout the manuscript.  

 

 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-2015-009186 on 6 N

ovem
ber 2015. D

ow
nloaded from

 

http://bmjopen.bmj.com/


 

Major Comments: (Abstract; Results) The phrase ‘per increases 2.72-fold’ is likely to confuse the 

reader. I believe more readers are familiar with the term OR without adding ‘per increases 2.72’. After 

reading the manuscript, I believe the authors would like to stress that the OR (for death versus no 

death) for one unit increase in volume on the log-scale is 0.77, when modeling volume as a 

continuous variable?  

 

Response: Regarding the recommendations of Reviewer #1, we tested for linearity and normality of 

hospital-level variables in this study. Based on the results of the test, we have re-analyzed the data to 

consider the transformation of hospital-level variables into categorical variables. For that reason, it 

was not needed to interpret for log-transformed variables by re-analyses. To help readers better 

understand, we revised the overall manuscript through re-analyses.  

 

 

Major Comments: (Abstract; Last sentence) Should be ‘were’0 (and not ‘was’) as referring to hospitals 

(plural) rather than a proportion?  

 

Response: Regarding your comment, we revised that sentence as the following: “In addition, hospitals 

with a greater proportion of specialists were associated with better outcomes”  

 

 

Major Comments: (Abstract; Conclusion) As far as I understand, no evaluation of performance and 

management program have been done and reported in the manuscript. The findings indicate that 

higher volume and more specialists are associated with lower mortality for patients with AMI. Health 

policy makers may influence this by for instance increase the proportion of specialists and/or define a 

minimum volume for hospitals treating patients with AMI. The distinction between avoidable and non-

avoidable deaths has not been evaluated and reported in the study. Thus, I believe it is more 

appropriate to state that to lower the 30-day mortality following AMI, the policy makers may need to 

include volume and staffing when defining the framework for treatment of AMI in Korean hospitals. 

The conclusion should be rewritten.  

 

Response: Thank you for your comment. Considering your comment, we more clearly specified 

sentences as deleting avoidable death. In addition, we revised the overall conclusion section in the 

abstract as follows: “Health policy makers need to include volume and staffing when defining the 

framework for treatment of AMI in South Korean hospitals. Otherwise, they must consider increasing 

the proportion of specialists or regulating the hiring of emergency medicine specialists. In conclusion, 

they must make an effort to reduce 30-day mortality following AMI based on such considerations.”  

 

 

Major Comments: (Introduction; Second paragraph) 30-day mortality – singular or plural, i.e. should 

‘provide’ be ‘provides’ or ‘are’ replaced by ‘is’?  

 

Response: Regarding your comment, we slightly revised that sentence as the following: 

“Nevertheless, 30-day mortality after AMI hospitalization, which provides good indications of acute 

care quality, is higher in Korea than in other Organization for Economic Co-operation and 

Development (OECD) countries.”  

 

 

Major Comments: (Materials and methods) You need to add data source information.  

 

Response: Following your comment, we added a data source section as the following: “The data used 

in this study was a proportion of the NHI Claim data. After the introduction of the National Health 
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Insurance Services (NHIS) in 1989, medical records of each patient could be collected by the South 

Korean government. These types of data included information about patient`s utilization of healthcare 

resources based on their needs, and these data also collected information about hospitals which each 

patient visited. In addition, data used in this study could consider details about death by being merged 

with mortality data based on personal identification codes in the national database, as well as both 

patient and hospital-level characteristics. Although it would have been ideal had we been able to use 

data from all hospitals in South Korea, there were some difficulties in accessing patient information 

due to issues such as ethics. Therefore, we needed to extract representative hospital samples from 

all hospitals effectively. However, in this process, there were some limitations in linking each patient 

and each hospitalization case using the encrypted information because data is provided after 

extraction from the national database due to ethical issues, making it impossible to identify each 

patient afterwards.  

 

 

Major Comments: (Study population) Total number of hospitals – how was the number of hospitals 

identified? I understand that there was a total of about 1730 hospitals in Korea for the time period 

investigated – was information obtained from the health authorities? How many of the hospitals 

admitted patients with AMI? It is unclear to me how you identified 156 hospitals – was the number of 

117 the closest to achieve 3 private hospitals for each public hospital? It seems like the hospitals 

were selected according to the strata before picking the hospitals that admitted patients with AMI. It 

might have been better to identify public hospitals that admitted patients with AMI and then randomly 

sample private hospitals (admitting patients with AMI) according to the ratio 1:3 for each strata?  

 

Due to the large number of private hospitals, was random sampling within each strata done or how 

did you identify the matching hospitals (nearest neighbor matching, stratification matching etc.)? 

Include a reference to propensity score-matching and the method you used?  

 

Response: Thank you for your careful review. There were about 1730 hospitals in South Korea, and 

medical records of each patient could only be collected after the introduction of the National Health 

Insurance Services in 1989. It would have been ideal had we been able to use data from all hospitals 

in Korea. However, there were some difficulties in accessing patient information due to issues such as 

ethics. Therefore, we needed to extract representative hospital samples from all hospitals as 

effectively as possible. Given that the number of public hospital was just 39 among the total 1730 

hospitals in South Korea, we considered that it could cause baseline imbalances due to differences in 

hospital characteristics. Thus, the propensity score matching was used to reduce bias due to 

observed covariates and to deal with the usual baseline imbalances across hospitals. In the 

propensity score matching methods, the outcome variable was propensity score. The propensity 

score is the probability of a unit being assigned to a particular treatment given a set of observed 

covariates. Based on these scores, we matched each sample using the nearest neighbor methods 

(1:3). Of course, there were some concerns about limitations as your comment, but we had no choice 

due to problems for processing extracted data from the data base. We had already described that 

limitation in the discussion section of the manuscript. To help readers better understand, we have 

slightly revised the manuscript.  

Propensity score is the probability of a unit being assigned to a particular treatment given a set of 

observed covariates. Based on these scores, we matched each sample using nearest neighbor 

methods (1:3). To help readers better understand, we revised method section and added some 

references.  

 

Schreyögg, Jonas, Tom Stargardt, and Oliver Tiemann. "Costs and quality of hospitals in different 

health care systems: a multi‐level approach with propensity score matching." Health Economics 20.1 

(2011): 85-100.  
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Rubin, Donald B., and Neal Thomas. "Combining propensity score matching with additional 

adjustments for prognostic covariates." Journal of the American Statistical Association 95.450 (2000): 

573-585.  

 

 

Major Comments: (Study population) As the unit of analysis is hospitalizations, you have not 

accounted for patients transferred between hospitals in order to receive for instance PCI. Do you have 

any information regarding the proportion of patients that were transferred to receive such specialized 

treatment? Were all hospitals equally well equipped to do such specialized treatment or did matching 

and strata account for this? Is teaching status a surrogate for performing important treatments as PCI 

as CBAG etc?  

 

Response: Unfortunately, the data used in this study had no information whether patients receive 

specific treatment, and it was also difficult to identify patient who transferred to other hospital for 

receiving better care. In addition, hospital characteristics for specialized treatment were not collected 

in NHI claim data.  

 

As your comment, teaching hospital could generally provide care with better quality than other 

hospital, but we did not identify to detailed information which patient actually was provided for better 

specialized care such as PCI. We had already described those limitations. To better understand 

readers, we revised and added such details in limitation section.  

 

 

Major Comments: (Study population) Is type of insurance coverage determining which type of hospital 

a patient is admitted to?  

 

Response: In South Korea, National Health Insurance Services for overall population was introduced 

in 1989. Therefore, population was evaluated their economic status, paid insurance fee through 

withholding methods based on their level. And then, medical services were provided to patients by 

paying about 20-30% copayment for total medical cost when they want to receive optimal care. 

However, people with low-income, disabled, and elderly populations received medical services as free 

or maximum 10% copayment level for total medical costs. Likewise, types of insurance coverages 

determined to just copayment level rather than types of hospital which patient could visit. To better 

understand readers, we little revised manuscript and added related reference.  

 

Kwon, Soonman. "Thirty years of national health insurance in South Korea: lessons for achieving 

universal health care coverage." Health policy and planning 24.1 (2009): 63-71.  

 

 

Major Comments: (Variables) Is there a common patient registry for all patients regardless of private 

or public hospital or do the assurance companies keep the data bases for all patients admissions? I 

think there need to be a clear statement on how data were obtained and list the variables per source.  

 

Response: Similarly above responses for your comment, overall South Korean has been covered by 

National Health Insurance since 1989. And, medical records for utilization of healthcare resources 

were continuously collected by South Korean government. In addition, patient could visit to any 

hospital when they want to receive care under NHI coverages. To better understand readers, we 

revised method section.  

 

 

Major Comments: (Variables) How was status (dead/alive) after 30 days obtained – is there a 

National Registry or by the assurance companies? If you were able to identify deaths occurring 
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outside hospital within 30 days, wouldn’t you be able to identify the number of unique patients and the 

number of patient transferred between hospitals as well?  

 

Response: The data used in this study was a kind of National Health Insurance data. Although these 

types of data were generally not included information about death, the data included to personal 

information which could link to mortality data. Therefore, data used in this study could be merged with 

information for death based on personal identification code before extracting from database. 

Whereas, the personal information such as identification code was encrypted after extracting these 

data from national database due to ethics issues in South Korea. For that reason, hospitalization 

cases could not link with personal information after extracting from database.  

 

However, we could identify whether death occurring outside hospital within 30 day through calculate 

difference between date of discharge and death date, because such information was included in our 

data.  

 

On the other hand, there were difficulties in identifying detailed information whether each patient 

move to other hospital for treatment as your comment, because the data did not included information 

for identification after extracting from national database due to ethics issues. To assist more 

interpretation of readers, we little revised method section. Regarding your comment, we revised 

limitation section.  

 

 

Major Comments: (Result) Page 9 of 28 pages, lines 14-31, consider including this paragraph in 

Statistical analysis as this seems to be part of data manipulation for the analyses. I do not understand 

what was done by “The number of hospitalizations due to AMI was transformed … to reflect the 

difference in mortality according to … used for multilevel analysis” The text indicates equations that 

are lacking in my version, so there might be problems due to converting to pdf-format? A 

mathematical expression would be helpful to understand what has been done – or include more 

details in an appendix? Is the AMI volume relative to the total volume for the actual hospital?  

 

Response: As your comment, Reviewer#1 also raised question about the log-transformed variables 

for hospital volume. Thus, we tested for hospital-level variables based on recommendation of 

Reviewer#1, and had decided to transform hospital-level variables into categorical variables rather 

than log-transformed or continuous form based on results in such tests. Therefore, we revised method 

and results section by re-analyses.  

 

 

 

Major Comments: Would any pre hospital triage protocol affect to which hospital a patient is 

admitted? Were only acute admissions included, i.e., patients included for a planned PCI were not 

included in the study? Based on which variables and when (previous admissions or actual admission) 

were the values obtained for the Charlson Comobidity Index – based on previous hospitalizations or 

only the present one? Does total population refer to all patients at a hospital, i.e. not limited to the 

number of patients with AMI? I think it is appropriate to report the number of hospital  

 

Response: Unfortunately, the data used in this study was not included information if inpatients were 

acutely admitted or planned admitted. Therefore, we could not distinguish those details in this study. 

Thus, we added and revised such limitation in discussion section. The Charlson Comorbidity Index 

was calculated whether particular condition was present excluding major symptom at date of 

admission. To help better understand, we little revised variable section. Finally, total hospitalization 

cases with AMI in study hospital were included in this study. Regarding your comment, we little 

revised method section as follows: “The Charlson Comorbidity Index was calculated whether 
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particular condition was present excluding major symptom at date of admission to reflect the effect of 

comorbid disorders or diseases.”  

 

 

Major Comments: (Statistical analysis) This section would benefit from a more detailed description of 

the models used; for instance which variables were included in which model and whether they were 

included as categorical or continuous variables, categorizations, calculations of ratios, transformations 

to achieve assumptions of normality or linearity etc. It seems like logistic regression models have 

been used and you report the results on the logit scale, please state what you have done. Was the 

assumption of normality fulfilled for the variables used in the ANOVA? Table 2 shows a very biased 

hospital volume as the mean is 199.8 with a standard deviation of 398.5.  

 

Did you explore interactions or was main effects only examined, then stratified analyses? There are 

no corrections for multiple comparisons, any comments on this?  

 

Response: As above responses for comments, we had decided to transform variables into categorical 

variables based on results in tests for each variable as normality or linearity. Although the overall 

trends for outcomes by each independent variable were generally similar with previous analyses, we 

needed to revise overall manuscript based on re-analyses. In addition, we decided to merge 

information of previous Table 2 into Table 1. Therefore, we performed only chi-square test rather than 

ANOVA in descriptive statistics. And then, we performed hierarchical logistic regression analysis 

using multi-level model with generalized linear mixed model (GLIMMIX) adjusting both inpatient- and 

hospital-level variables to investigate relation with 30-day mortality. Therefore, we revised statistical 

analyses section and results section.  

 

Also, regarding your comment, we compared differences between unadjusted and fully adjusted 

model.  

 

But, there were generally no significant differences between unadjusted and fully adjusted model 

excluding specialist proportion. Therefore, we did not include this table in manuscript.  

 

 

Major Comments: (Discussion) Page 14 (pdf manuscript), line 26: I do not understand what is meant 

by ‘expansion of the human infrastructure’.  

 

Response: To better understand of readers, we revised that sentence as follows: “Our results 

emphasize the need for emergency medicine specialists in acute care, suggest that it is needed to 

grow not only in quality but in quality for effective care in management of AMI inpatients”  

 

 

Major Comments: (Discussion) Page 14, line 44. May private hospitals have better outcome due to 

difference in socio-economic status? The Results indicate that low-income, disabled and elderly 

population are covered by national health insurance and treated at public hospitals? In general, the 

literature report patients with lowest socioeconomic status to have higher risk of death, how may the 

volume of these patients affect the outcomes reported.  

 

Response: Thank you for your comment. In South Korea, the differences in outcomes between 

private hospital and public hospital might be generally occurred due to difference in methods of 

hospital management rather than patient mix. However, we compared to patient`s mix (NHI or 

medical-aid) in hospital by ownership status. In the results of chi-square test for patient`s distribution, 

the proportion of medical-aid inpatients was more higher in public hospital than private hospital 

(Private: 8.44%, Public: 14.45%; P<.001). Of course, we adjusted both patient and hospital-level 
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variables in multilevel model to avoid bias. Nevertheless, there were few possibilities which could be 

caused unmeasured bias. Therefore, we little revised that sentence regarding your comment.  

 

 

Major Comments: (Conclusions) The conclusion at the end is more correct then the Conclusion 

written in the Abstract.  

 

Response: Thank you for your helpful comment. Regarding your comment, we little revised 

conclusion section as more correctly.  

 

 

There are more detailed results of re-analysis in revision notes. Supplementary files provides those 

details. 

VERSION 2 – REVIEW 

REVIEWER Doris Tove Kristoffersen 
Norwegian Knowledge Centre for the Health Services 

REVIEW RETURNED 12-Oct-2015 

 

GENERAL COMMENTS The manuscript has benefitted from the revisions made. The authors 
have addressed the issues I raised in my review of their earlier 
submission except my concern regarding multiple comparisons. 
However, the p-values reported as significant are very small, not 
likely to affect the conclusion. A few minor typos occur (and I may 
have missed one or two):  
Plural ‘s’  
Abstract, line 2 of results: ‘… hospitals with higher…’  
Page 7, line 2 of Study population, ‘…public hospitals..’  
Page 12, last paragraph before Discussion, first sentence: ‘..there 
were differences..’  
Add space:  
Page 15 line 19/20: ‘information were unavailable..’  
Page 19, reference 6, line 2 

 

VERSION 2 – AUTHOR RESPONSE 

Minor Comments: The manuscript has benefitted from the revisions made. The authors have 

addressed the issues I raised in my review of their earlier submission except my concern regarding 

multiple comparisons. However, the p-values reported as significant are very small, not likely to affect 

the conclusion. A few minor typos occur (and I may have missed one or two):  

Plural ‘s’  

Abstract, line 2 of results: ‘… hospitals with higher…’  

Page 7, line 2 of Study population, ‘…public hospitals..’  

Page 12, last paragraph before Discussion, first sentence: ‘..there were differences..’  

Add space:  

Page 15 line 19/20: ‘information were unavailable..’  

Page 19, reference 6, line 2  

 

Response: Thank you for careful comment. Regarding your comment, we revised overall manuscript. 
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