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GENERAL COMMENTS Referee Comments to the Manuscript:  
Manuscript Number: bmjopen-2016-011786  
 
Title: Heterogeneous changes in heat-related mortality risk among 
heat clusters over a 17-year period.  
 
I read with great interest this manuscript. The aim of this study was 
the comparison of heat-related mortality between two periods without 
and with heat wave warning forecast in regions of South Korea. The 
study is potentially interesting; however, I found several important 
methodological limitation, in particular concerning the heat-wave 
definition. Furthermore, important explanations and integrations are 
needed.  
Following my major comments.  
 
 
• Please revise the bullet points concerning “Strengths and 
limitations of this study”. I find appropriate only one bullet point (the 
last low point).  
 
Introduction  
• Pag. 4 lines 12-17: References 1 and 2 are not addressed to the 
IPCC report.  
• Pag. 4 lines 34-37: Include references. An useful example of 
changed impact of heat (different thresholds) in different 
geographical areas could be “Sci Total Environ. 2012 Dec 15;441:28-
40”.  
• Pag. 4 lines 39-44: this sentence repeat the concept reported a few 
lines before (lines 30-33).  
• Page 4 lines 52-53: The study “Sci Total Environ. 2012 Dec 
15;441:28-40” was focused on long-term period and future climate 
trends.  
• Pag. 5 lines 5-6: Why the reference 15 was included at this point?  
• Why the authors studied too distant period (1996-2000 and 2008-
2012)? What happened between the 2001 and 2007?  
• The authors should also include information on the heat wave 
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warning system applied in South Korea.  
 
Study area  
• Please provide data which clearly show the reasons to justify your 
choices.  
• Please provide further information on climate and geographical 
characteristics of the area studied.  
 
Data  
• I think the age group 20-74 is too wide … Mortality data in the class 
over 65 was often associated with heat conditions.  
• The classification of a heat wave depends on many factors, i.e. 
intensity, duration, timing. I find the criterion adopted to classify heat-
wave too simplistic and arbitrary. An heat-wave is also classified on 
the basis of its persistence. There are more detailed and accurate 
methods for heat-wave classification (see. The report of WMO 2015 
http://www.who.int/globalchange/publications/WMO_WHO_Heat_He
alth_Guidance_2015.pdf or specific manuscript on this topic 
“D'Ippoliti et al. Environmental Health 2010, 9:37”)  
 
Estimation of the temperature-mortality relationship  
• The authors concentrated their attention on the effect of the 
maximum temperature. However, abundant literature shows the 
important effect of the minimum temperature.  
 
Results  
• The authors shows results also on duration, frequency and 
intensity. This information should be previously included and 
explained in materials and methods.  
• Table 2: I do not understand what it refers b and c  
• Please explain the characteristic of blue- and white-collar workers. 
Are they indoor or outdoor workers?  
 
Discussion  
• Page 17, lines 10-11: the study “Lancet. 2015 Jul 
25;386(9991):369-75” was carried out in many regions around the 
world.  
• Page 17 lines 50-51. I do not agree with this conclusion. Population 
living in moderate and coolest regions reveled lowest threshold and 
for this reason more exposed to future heat conditions.  
• Page 17 lines 52-56. This sentence is incomplete.  
• Page 19. Please describe better the warning system developed in 
Korea. What is the age the target age of elderly people? 

 

REVIEWER Francesco Sera 
Department of Social and Environmental Health Research,  
London School of Hygiene & Tropical Medicine, London,  
United Kingdom 

REVIEW RETURNED 20-Apr-2016 

 

GENERAL COMMENTS The paper evaluates temporal changes on heat-related mortality risk 
among geographically heat clusters in South Korea.  
In this study the authors faces several methodological challenges: 
spatial clustering in terms of cooling degree days, definition of 
temperature threshold, model that define the relationship between 
temperature and mortality risk, analysis of heterogeneity by calendar 
period, spatial clusters, age classes, and SES indicators like 
education level and occupation.  
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In my opinion the authors did not resolve all the analytical 
challenges, and as a consequence the discussion is not fully 
supported by the presented results and methods.  
 
Major issues  
1. The analysis of heterogeneity of heat-related mortality risk is 
conducted using a subgroup approach: the RRs are calculated for 
each strata of time period, geographical cluster, sex, age, and SES 
indicators, than RRs are qualitatively compared. I think that 
subgroup analysis should be avoided, and a formal test of 
interaction should be used to justify sentences on RRS differences 
among strata. Moreover I think that a stringent p value should be 
used to consider multiple comparison problems. The interaction term 
can be included in the main model, or as a meta-regressor in a two-
stage analysis taking into account that the estimates are not 
independent as they come from the same study.  
2. The authors consider lagged exposures (lag 1, 2 and 3 and 
average of lags 4-7) in their model, but they present the results of 
same day exposures. I think it would be better to consider the 
lagged effects of temperature on mortality risk. Several methods 
have been proposed to evaluate the lagged effects of temperature 
on health risk  
Armstrong B. Models for the relationship between ambient 
temperature and daily mortality. Epidemiology. 2006;17(6):624–631  
Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear 
models. Stat Med. 2010 Sep 20;29(21):2224-34.  
Using these models the interaction with calendar period can be 
tested as shown in Gasparrini A, Guo Y, Hashizume M, Kinney PL, 
Petkova EP, Lavigne E, Zanobetti A, Schwartz JD, Tobias A, Leone 
M, Tong S, Honda Y, Kim H, Armstrong BG. Temporal Variation in 
Heat-Mortality Associations: A Multicountry Study. Environ Health 
Perspect. 2015 Nov;123(11):1200-7.  
3. It is not clear to me how the authors consider the geographical 
clustering of the outcome in their analysis. My understanding is once 
defined the three CDD related clusters, data on each cluster have 
been aggregated for each temperature level obtaining a dataset that 
have a pair (temperature, mortality counts). Ignoring a possible 
outcome correlation within cluster would produce biased estimate of 
RRs precision with a tendency to underestimating the SE associated 
with the RRs.  
 
Minor issues  
1. Introduction: I think that sentences in page 4 lines 5-12 should be 
supported by references.  
2. Introduction: I think that sentences in page 5 lines 27-34 are not 
supported by the methods, but in any case should be reported in the 
discussion and not in the introduction.  
3. In the model used to estimate the temperature-mortality 
relationship (pag 9 lines 19-41) the authors consider population to 
adjust for temporal population trend, but calendar year was also in 
the model; calendar year should take into account any factor related 
to time trend, would it be an over adjustment? Could the authors 
explain why they did not consider day of the week a possible 
confounder? Moreover a Poisson model was considered with no 
indication of a possible (under)over dispersion. Have the authors 
performed sensitivity analysis with over dispersed model?  
4. I think there is an error in the Getis-Ord local statistics (pag 7 lines 
29-33): In the numerator it should be Xj instead of Xi. The same 
apply on line 37, where the symbol should be X instead of chi. in 
lines 46-49 z-scores of +-1.65 are introduced. These are associated 
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to a 90% confidence level not to a 95%.  
5. Discussion. I think the authors should compare their results with 
those obtained by  
Gasparrini A, Guo Y, Hashizume M, Kinney PL, Petkova EP, 
Lavigne E, Zanobetti A, Schwartz JD, Tobias A, Leone M, Tong S, 
Honda Y, Kim H, Armstrong BG. Temporal Variation in Heat-
Mortality Associations: A Multicountry Study. Environ Health 
Perspect. 2015 Nov;123(11):1200-7.  
Gasparrini et al 2015 examined the temporal change in the 
temperature-mortality relationship in 6 South Korea locations. They 
found no evidence of temporal variation in heat-related mortality risk.  
6. Discussion. Sentence in pag 17 lines 28-35 are not justified as a 
qualitative comparison of RRs with no formal treatment of 
uncertainty of the statement.  
7. Discussion. Sentence in pag 19 lines 22-31 are not justified as a 
qualitative comparison of RRs with no formal treatment of 
uncertainty of the statement. 

 

VERSION 1 – AUTHOR RESPONSE 

[Reply to reviewer 1]  

 

Please revise the bullet points concerning “Strengths and limitations of this study”. I find appropriate 

only one bullet point (the last low point).  

=> We appreciate your recommendation. We found that the bullet points were not concise and or 

clear.  

The first statement (“Study regions cover the whole country to examine the regional variation in 

impact of heat on mortality by their climate characteristics”) appeared to be similar with third 

statement (“The study clusters were classified based on significant spatial clustering of long-term heat 

intensity in regions and this effectively represented geographical variation in climate with in a small 

land”). We determined that these sentences needed to be revised. Clustering the regions by their 

climate based on statistical methods is meaningful because most other studies arbitrarily chose and 

examined the relationship between temperature and mortality. Thus, we added the following new 

point “Geographical differences in climate characteristics among the study areas were examined 

using spatial analysis.” Secondly, we targeted two periods before and after implementation of the 

national heat wave warning system when analyzing risk changes. We thus added the following 

statement: “We compared heat-related mortality between before and after introduction of the early 

heat wave warning system.” For the third statement, we revised the original sentence (“Changing 

patterns of heat-related mortality risks over periods by climate characteristics were examined, which 

had been less addressed before”) for conciseness as follows: “We examined patterns of changes in 

heat-related mortality risks among regions with different climate characteristics.” The original fourth 

sentence mentioning for the need of future studies was deleted. The last bullet-point statement 

regarding the adjustment of air pollutants remains. The revisions are outlined below. We appreciate 

your suggestions.  

-Geographical differences in climate characteristics among the study areas were examined using 

spatial analysis.  

-We compared heat-related mortality between before and after introduction of the early heat wave 

warning system.  

-We examined patterns of changes in heat-related mortality risks among regions with different climate 

characteristics.  

-Adjustment for air pollutants were available for limited periods but this did not affect the accuracy of 

risk estimation.  

 

-Introduction-  
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1. Pag. 4 lines 12-17: References 1 and 2 are not addressed to the IPCC report.  

=> We apologize for the error, which has been corrected. We revised the sentence as follows: “The 

Intergovernmental Panel on Climate Change (IPCC) reported that climate change will likely lead to 

further increases in temperature and the intensity of heat wave events [2, 3].”  

 

2. Pag. 4 lines 34-37: Include references. An useful example of changed impact of heat (different 

thresholds) in different geographical areas could be “Sci Total Environ. 2012 Dec 15;441:28-40”.  

=> We appreciate your recommendation. We included the recommended reference in the manuscript 

as ref. 13. The text has been revised as follows: “The threshold and risk of heat-related mortality also 

vary significantly even among cities within a smaller country because of differences in the intensity of 

summer heat; cities with hotter climates tended to have higher thresholds and lower risks, with 

considerably wide variance in risk noted among cities [8-13]”  

 

3. Pag. 4 lines 39-44: this sentence repeat the concept reported a few lines before (lines 30-33).  

=> We apologize for the error. The prior sentence explains the higher threshold for southern regions 

in the US. This sounds obvious because we expect that climate and its effect are heterogeneous 

among regions in such a large country. The next sentence explains that different threshold and risk 

patterns can be observed even among cities in a small country (e.g., Spain, England, and Italy). For 

clarity, we revised the sentences as follows: “The “threshold temperature,” at which the mortality risk 

begins to increase, is typically higher in regions where hot weather is more common in the continental 

US (e.g., southern latitudes in US) [7]. The threshold and risk of heat-related mortality also vary 

significantly even among cities within a smaller country because of differences in the intensity of 

summer heat; cities with hotter climates tended to have higher thresholds and lower risks, with 

considerably wide variance in risk noted among cities [8-13].”  

 

4. Page 4 lines 52-53: The study “Sci Total Environ. 2012 Dec 15;441:28-40” was focused on long-

term period and future climate trends.  

=> In line with your comment, we cited the referenced study (reference 13). The text has have been 

revised as follows: “However, studies usually focused on comparisons of the heat-related mortality 

risk during a short-term period among regions with different climates, except one study [13] that 

considered temporal changes in risk over time; as a result, far less information is available about 

future trends in the differences in risk according to climate.”  

 

5. Pag. 5 lines 5-6: Why the reference 15 was included at this point?  

=> We apologize for this error. The sentence has been revised as follows: “The current study 

categorized study areas across the entire country into three clusters based on the degree of heat, 

using cooling degree days (CDD), a concept that adopted in a previous study to classify summer 

temperature in the US [19].”  

 

6. Why the authors studied two distant period (1996-2000 and 2008-2012)? What happened between 

the 2001 and 2007?  

=> When we examined the mean annual temperature (in summer) for each year, the temperature 

range between 2001 and 2007 was as much as 10% lower than that in other years. This was a 

natural situation caused by year-to-year temperature fluctuation opposed to long-term climate change. 

We needed comparable climate conditions for different study periods and the same threshold for 

those periods to compare populations’ responses to heat. The cooler climate in 2001–2007 could 

affect comparisons of the effect of temperature over time. Thus, we omitted the period of 2001–2007 

in the current study.  

 

7. The authors should also include information on the heat wave warning system applied in South 

Korea.  

=> We appreciate your suggestion. We added the following sentences to the Introduction: “The Korea 
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Meteorological Administration (KMA) announce early heat wave forecast during summer (June-

September) since 2008. Once heat wave is forecast, a series of actions is implemented to prevent 

negative heat-related health outcomes including activating an emergency text message service, 

opening shade shelters, and monitoring the occurrence of heat-related illness.”  

 

-Study area-  

1. Please provide data which clearly show the reasons to justify your choices. The authors should 

also include information on the heat wave warning system applied in South Korea.  

=> We thank you for this comment. Several studies have been conducted in South Korea. These 

studies examined the relationship between temperature and mortality for specific large cities (such as 

capital or metropolitan cities) and reported significant effects of high temperature on mortality. 

However, these studies generally examined the effect of temperature over a short period (couple of 

years) but rarely analyzed temporal changes of the risks over time. One study examined changes in 

the risks, but it was conducted only for one city (Seoul). The references associated with this 

information have been added to the Introduction to support the aim of the current study, and the text 

was revised as follows: “The significant impact of heat on mortality in major cities has been 

demonstrated in many Korean studies [16-18]. One study examined temporal changes in the effect of 

heat over time, albeit for one city [18].”  

 

2. Please provide further information on climate and geographical characteristics of the area studied.  

=> In line with your comment, geographical and climate data were added in the Materials and 

Methods as follows: “South Korea, a countries in East Asia, is located at middle latitude (37° North 

and 127.30° East) in a temperate climate zone. South Korea has four distinctive seasons with the 

coolest weather in the winter (December-February) and the hottest weather in summer (June-

September). Temperature is highest in July and August.”  

 

-Data-  

1. I think the age group 20-74 is too wide … Mortality data in the class over 65 was often associated 

with heat conditions.  

=> We attempted to compare the risk between the age groups of 20–49 and 50–74 years before 

combining the groups. The risk estimates were not different between these two groups. We employed 

a similar strategy using 65 years as the cutoff, and the results were not significantly different from 

those obtained using 50 years as the cutoff. Consequently, we combined the groups into a single 

group (20–74 years).  

We also examined the impact of heat using cutoffs of 65 and 75 years. When the risk was estimated 

for the elderly using 65 years as the limit, the risks for young adults (20–64 years) and the elderly 

(over 65 years) were not different. A possible explanation for this finding is that people in their early 

60s in South Korea are healthy and capable of coping with heat stress unless they live alone or in 

poorly built domiciles.  

Consequently, we used a cutoff of 75 years to properly examine the effects of heat on the elderly.  

 

 

2. The classification of a heat wave depends on many factors, i.e. intensity, duration, timing. I find the 

criterion adopted to classify heat-wave too simplistic and arbitrary. A heat-wave is also classified on 

the basis of its persistence. There are more detailed and accurate methods for heat-wave 

classification.  

=> We appreciate your comment. Heat wave features such as frequency, duration, and intensity are 

important factors associated with negative heat-related health outcomes. Several studies examined 

the effects of these features on public health outcomes and found significant effects. On the other 

hand, some other studies have examined the relationship between temperature and public health 

outcomes. The main variable of our study was temperature itself. We examined the effect of daily 

temperature on mortality while considering the effects of the duration or intensity of heat waves. In 
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this aim, we adopted a few different criteria to define heat waves. However, the risk estimates for 

temperature were not affected by heat wave duration or intensity variables in the statistical model. 

Consequently, we examined the effect of the main variable, temperature, without considering the 

effects of heat waves similarly as previous studies. Although heat waves represent a critical issue, 

they did not appear to alter the primary results of the effect of temperature in the current study.  

 

-Estimation of the temperature-mortality relationship-  

1. The authors concentrated their attention on the effect of the maximum temperature. However, 

abundant literature shows the important effect of the minimum temperature.  

=> We appreciate this comment. Exposure to high temperature was assessed using various 

temperature-related variables such as daily mean, minimum, and maximum temperatures. The 

maximum and minimum temperatures are considered to represent heat stress during daytime and 

nighttime, respectively. In the current study, we estimated the impact of temperature using the daily 

maximum temperature because this variable showed the biggest differences in risk changes among 

clusters during the study periods. The results for the mean and minimum temperatures were excluded 

because of space constraints in the manuscript.  

 

-Results-  

1. The authors shows results also on duration, frequency and intensity. This information should be 

previously included and explained in materials and methods.  

=> We thank you for this suggestion. We included the information in the Materials and Methods as 

advised as follows: “To evaluate the temperature conditions during the summer, the study considered 

the occurrence of heat wave events. A heat wave was defined according to the criteria of the KMA 

operates an early heat wave forecast system; days with a daily maximum temperature >33°C for more 

than two days were defined as days with a heat wave. Heat wave duration was calculated as the 

number of consecutive days of heat wave. Heat wave frequency was calculated number of 

occurrences of heat waves during summer. Heat wave intensity refers to the cumulative sum of 

differences between the daily maximum temperature and the threshold temperature for defining heat 

waves (33°C) during heat waves events.”  

 

2. Table 2: I do not understand what it refers b and c.  

=> We apologize for the mistake. We removed ‘b’ and ‘c.’ Remains are annotations.  

 

3. Please explain the characteristic of blue- and white-collar workers. Are they indoor or outdoor 

workers?  

=> We apologize for the incomplete information. Blue-collar workers were defined on the basis of the 

Korea Standard Classification for Occupations, which is used for national mortality data. The standard 

classification for occupations does not absolutely differentiate between outdoor and indoor workers, 

but we attempted to capture specific subgroups that are likely to experience outdoor heat stress. 

Among the standard groups, people involved in agriculture, crafts and related activities, machine 

manipulation, and simple manual labor were defined as blue-collar workers in this study. The 

following detailed occupations comprise this group: agricultural, forestry, and fishery workers; metal 

and machine operators; workers in mining, construction, manufacturing, and transport; and stationary 

plant operators. We added this information in the Materials and Methods as follows: “White and blue-

collar workers were defined on the basis of the Korea Standard Classification for Occupations used in 

national mortality data to identify people who were likely outdoor workers. Among standard job 

classes, white-collar workers comprised people employed in management, office, scientific, and 

service occupations. People involved in agriculture, crafts and related activities, machine 

manipulation, and simple manual labor were defined as blue-collar workers.”  

 

-Discussion-  

1. Page 17 lines 50-51. I do not agree with this conclusion. Population living in moderate and coolest 
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regions reveled lowest threshold and for this reason more exposed to future heat conditions.  

=> We apologize for the confusion, as the original sentence did not adequately express our intent. We 

assumed that people living in the hottest regions would more frequently experience extreme heat 

stress, but it was not our intent to imply that people living in cooler regions would not experience heat 

stress. Cooler regions could also be exposed to heat stress in the future as global temperature rises. 

The following sentence was added: “Moderate and cool regions could be also at higher risks in the 

future because of their lower threshold compared to hotter regions, although increased risks were not 

found in the current study.”  

 

 

2. Page 17 lines 52-56. This sentence is incomplete.  

=> We apologize for the missing information. New information has been added to the manuscript as 

follows: “There are six metropolitan cities in South Korea, and they are under the direct and intensive 

control of the central government. The developmental level of these cities is exceedingly higher than 

that in other cities, as these metropolitan cities have been developed as special zones. We identified 

that more urbanized regions, including capital (Seoul) and three of metropolitan cities (Gwangju, 

Daegu, and Busan), comprised the hottest cluster (cluster H).” This explanation relates to air 

conditioning comparison issue.  

 

3. Page 19. Please describe better the warning system developed in Korea. What is the age the 

target age of elderly people?  

=> We appreciate your comment. We added information about the warning system in the Discussion 

as follows: “The KMA initiated a national early heat wave warning forecast system in 2008. Once a 

heat wave is predicted or observed, the local government’s heat wave department immediately 

receives a warning text, after which officials implement actions targeted toward the elderly (>65 years 

old) and disabled people who live alone; they open shade shelters and dispatch health volunteers to 

the target people.” An age of 65 years is the legally defined cutoff for the elderly. However, 

modification for this legally age has been discussed these days due to several previous Korean 

studies demonstrating the largest heat effect on the elderly over 70 years old and older. In addition, 

some Korean studies have reported the current status of the elderly users of shade shelters; the 

average age of elderly users were over middle of 70 years old. Thus, we considered that an age of 75 

years as a cutoff for the deaths in the elderly in our study was reasonable although it was older than 

the legally defined age for the elderly.  

 

[Reply to reviewer 2]  

-Major issues-  

1. The analysis of heterogeneity of heat-related mortality risk is conducted using a subgroup 

approach: the RRs are calculated for each strata of time period, geographical cluster, sex, age, and 

SES indicators, than RRs are qualitatively compared. I think that subgroup analysis should be 

avoided, and a formal test of interaction should be used to justify sentences on RRS differences 

among strata. Moreover I think that a stringent p value should be used to consider multiple 

comparison problems. The interaction term can be included in the main model, or as a meta-

regressor in a two-stage analysis taking into account that the estimates are not independent as they 

come from the same study.  

=> We thank you for your comments. Interactions in the subgroup analysis with stringent p values are 

inherent problems when using generalized additive models (GAMs), which are widely used in climate 

and health studies, to estimate the association between case numbers and climate factors. Only one 

offset variable can be assigned, and thus, models are generally built for each subgroup to accurately 

consider the population at risk. When a parametric model is applied to estimate the association 

between mortality and climate factors, it is possible to generate a more complex model including 

interaction terms. However, GAMs containing non-parametric spline function with interaction terms 

are excessively complicated. Therefore, it is difficult to compare the risks among subgroups using 

 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-2016-011786 on 3 A

ugust 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


GAMs. In addition, comparing risks among clusters is a statistically acceptable approach because of 

heterogeneity among clusters, specifically with regard to the differences in climate conditions and 

adaptation to heat. Climate data for each cluster revealed differences in heat conditions among 

clusters. The number of cooling degree days (CCDs) and heat wave intensity were extremely different 

among the clusters. CCDs represent a useful variable for classifying regions into clusters in line with 

previous studies, which classified roughly southern and central parts of South Korea and identified 

different risks among the regions. The heterogeneity among the clusters also arose from differences 

in adaptation by people living in different climate conditions. Heterogeneity among the clusters in 

association with differences in climate conditions and adaptation to heat appears extremely important 

for revealing heterogeneous changes in mortality among clusters.  

 

2. The authors consider lagged exposures (lag 1, 2 and 3 and average of lags 4-7) in their model, but 

they present the results of same day exposures. I think it would be better to consider the lagged 

effects of temperature on mortality risk. Several methods have been proposed to evaluate the lagged 

effects of temperature on health risk  

Armstrong B. Models for the relationship between ambient temperature and daily mortality. 

Epidemiology. 2006;17(6):624–631  

Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear models. Stat Med. 2010 Sep 

20;29(21):2224-34.  

Using these models the interaction with calendar period can be tested as shown in Gasparrini A, Guo 

Y, Hashizume M, Kinney PL, Petkova EP, Lavigne E, Zanobetti A, Schwartz JD, Tobias A, Leone M, 

Tong S, Honda Y, Kim H, Armstrong BG. Temporal Variation in Heat-Mortality Associations: A 

Multicountry Study. Environ Health Perspect. 2015 Nov;123(11):1200-7.  

=> We are terribly sorry for the confusing sentences. The results presented in the tables are the 

relative risks which was the highest among lag days. The results represent lagging effects in our 

model. We found that the original manuscript incorrectly described the methods. We revised the 

sentence as follows: “The represented risks were mainly observed on lag 0 day, whereas the lag 

effects on lag days 1–7 were controlled.”  

 

3. It is not clear to me how the authors consider the geographical clustering of the outcome in their 

analysis. My understanding is once defined the three CDD related clusters, data on each cluster have 

been aggregated for each temperature level obtaining a dataset that have a pair (temperature, 

mortality counts). Ignoring a possible outcome correlation within cluster would produce biased 

estimate of RRs precision with a tendency to underestimating the SE associated with the RRs.  

=> We apologize for failing to clarify the dataset. In each cluster, there are multiple stations with 

multiple administrative regions. Several regions used the closest station located in another region as 

not all regions have their own stations. Multiple regions within a cluster could have outcome 

correlation and this may not affect risk estimation but reduce statistical power. However, we 

considered multiple regions and the corresponding multiple stations as we aimed to avoid 

measurement error in heat exposure for study regions.  

 

-Minor issues-  

1. Introduction: I think that sentences in page 4 lines 5-12 should be supported by references.  

=> A reference has been added per your recommendation as follows; “Many studies have found that 

high temperatures are associated with all-cause mortality, as well as mortality caused by non-

communicable diseases such as cardiovascular and respiratory diseases [1].”  

 

2. Introduction: I think that sentences in page 5 lines 27-34 are not supported by the methods, but in 

any case should be reported in the discussion and not in the introduction.  

=> We appreciate your remark. The sentences have been deleted since similar sentences have been 

already noted in discussion part.  
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3. In the model used to estimate the temperature-mortality relationship (pag 9 lines 19-41) the authors 

consider population to adjust for temporal population trend, but calendar year was also in the model; 

calendar year should take into account any factor related to time trend, would it be an over 

adjustment? Could the authors explain why they did not consider day of the week a possible 

confounder? Moreover a Poisson model was considered with no indication of a possible (under)over 

dispersion. Have the authors performed sensitivity analysis with over dispersed model?  

=> Meteorological factors display year-to-year fluctuations that do not necessarily coincide with 

population trend. Thus, calendar year variable was needed for adjustment of pattern in meteorological 

factors.  

Mortality is often affected by the day of the week because of patterns of work as well as the 

characteristics of the hospital operating system. This effect then could be modeled using two classes: 

weekdays and weekends. In addition, we considered that national holidays could affect mortality 

patterns similarly as weekends. The variable “holiday” included national holidays and weekends in 

this study. However, we failed to clarify how we defined holiday in the study. We added information for 

this variable in the Materials and Methods.  

We tested whether the dataset in the current study had an overdispersion problem. The goodness-of-

fit chi-square test for a Poisson model using a generalized linear model (GENMOD process in SAS) 

gave weak possibility of overdispersion. To conservatively approach the dataset, we once tried 

negative binomial distribution, which is a basic solution for overdispersion. The estimates indicating 

the model’s goodness-of-fit were not significantly reduced than that from a previous Poisson model, 

and the parameter estimates may have been slightly worsened. The selection of GAMs with Poisson 

regression was especially made to adjust for non-linear factors by fitting a flexible spline function, 

which was impossible within a generalized linear model in SAS (in this case, GENMOD). 

Consequently, we considered a GAM using Poisson model, as we primarily cared about important 

non-linear factors such as daily air pollutant exposure.  

 

4. I think there is an error in the Getis-Ord local statistics (pag 7 lines 29-33): In the numerator it 

should be Xj instead of Xi. The same apply on line 37, where the symbol should be X instead of chi. in 

lines 46-49 z-scores of +-1.65 are introduced. These are associated to a 90% confidence level not to 

a 95%.  

=> We revised the errors and misspelled words per your remarks. We added the following sentence in 

the manuscript: “Regions with a Gi* <-1.65 and those with a Gi* >1.65 were classified as cold and hot 

spots, respectively, within a 90% confidence level (CI).” Please see the revised draft if you want to 

check the formula again.  

 

5. Discussion. I think the authors should compare their results with those obtained by  

Gasparrini A, Guo Y, Hashizume M, Kinney PL, Petkova EP, Lavigne E, Zanobetti A, Schwartz JD, 

Tobias A, Leone M, Tong S, Honda Y, Kim H, Armstrong BG. Temporal Variation in Heat-Mortality 

Associations: A Multicountry Study. Environ Health Perspect. 2015  

Nov;123(11):1200-7.  

Gasparrini et al 2015 examined the temporal change in the temperature-mortality relationship in 6 

South Korea locations. They found no evidence of temporal variation in heat-related mortality risk.  

=> We thank for the suggestion. We read the article and cited it in our manuscript. Unlike the 

recommended article, we compared changes in patterns of risk among the regions opposed to pull 

the risks among the regions. Consequently, we added the following sentence: “A recent study 

examined changes in mortality risk associated with high temperature in six Korean cities and found 

weak evidence for increases in risks [39]. In the current study, the changes in the risks over time for 

all-combined regions similarly demonstrated little evidence of risk changes. However, we added new 

information of different risk changing patterns among regions by considering clusters with different 

climate.”  

 

6. Discussion. Sentence in page 17 lines 28-35 are not justified as a qualitative comparison of RRs 
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with no formal treatment of uncertainty of the statement. Discussion. Sentence in page 19 lines 22-31 

are not justified as a qualitative comparison of RRs with no formal treatment of uncertainty of the 

statement.  

=> We thank for the comments. Because of the limitation of using GAMs with a period, we changed 

sentence (in page 20 lines 28-31 in revision file) in discussion part as follows; “We found an 

interesting result of a difference in patterns of temporal changes in risk among clusters, and this 

finding might require confirmation in further studies. An increasing pattern of heat-related mortality 

was observed in the hottest cluster (cluster H), whereas the risk remained unchanged or decreased 

slightly in cooler clusters (cluster M or C).”  

We also changed sentences (in page 23 line 7-20 in revision file) as follows; “Although we need 

further studies, there might be positive effect of heat wave plan targeted plan since common risk 

reduction was observed in elderly populations over time in all clusters. However, the trend of 

increased risks in the hottest cluster suggests a need for a modified heat wave plan for groups 

considered highly vulnerable to heat exposure, specifically younger people, those with less education 

attainment, or those holding blue-collar jobs.” 

VERSION 2 – REVIEW 

REVIEWER MARCO MORABITO 
Institute of Biometeorology - National Research Council, Italy 

REVIEW RETURNED 24-May-2016 

 

GENERAL COMMENTS Referee Comments to the Manuscript:  
Manuscript Number: bmjopen-2016-011786.R1  
 
Title: Long-term heterogeneous changes in the heat-mortality 
relationship according to climatic differences among different regions 
in South Korea  
 
I appreciated the efforts of the authors to improve the manuscript 
and most of comments were clarified. Now I only have minor 
comments.  
 
 
• Please include the main result in the bullet points.  
• Pag 1 lines 15-15. I suggest to modify the sentence “…. lead to 
further increases in temperature and …” with ““…. lead to further 
increases in air temperature and …”  
• I think the authors should report the criterion followed to select the 
period to be studied. In this way explaining why they decided to 
exclude the years 2001-2007.  
• Further information on the local heat wave warning system could 
be useful. Is the South Korean system based on city-specific 
temperature threshold? Which meteorological (or biometeorological 
indicator) is used? Air temperature, apparent temperature, minimum, 
average maximum thresholds?  
• I think the authors should explained in the text why they analyzed 
the age group 20-74, as reported in the response to the reviewer 
comments.  
• Concerning the comment related the heat-wave classification, the 
authors should report in the text the explanation of why they decided 
to concentrate their attention on temperature avoiding more detailed 
heat-wave classifications. 

 

REVIEWER Francesco Sera 
London School of Hygiene & Tropical Medicine  
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London UK 

REVIEW RETURNED 20-May-2016 

 

GENERAL COMMENTS I think the authors answered positively to the point I have raised in 
my review.  
In general terms I think it is interesting the debate on how assess 
effect modifier of the temperature-mortality association.  
There are several examples in the literature that uses different 
approaches to evaluate temporal variation in the temperature-
mortality association (e.g. Gasparrini A, et al. Temporal Variation in 
Heat-Mortality Associations: A Multicountry Study. Environ Health 
Perspect. 2015 Nov;123(11):1200-7; Bobb, et al. "Heat-related 
mortality and adaptation to heat in the United States." Environmental 
Health Perspectives (Online) 122.8 (2014): 811; Nordio, Francesco, 
et al. "Changing patterns of the temperature–mortality association by 
time and location in the US, and implications for climate change." 
Environment international 81 (2015): 80-86).  
I think that in the discussion the authors should add a paragraph on 
which they recognise that no inferential procedure was performed to 
support the statement on differences among RRs, the reason why a 
descriptive approach was chosen, and how this choice affect the 
interpretation of their results.  
In the results section page 42 line 12-16 the sentence should be 
reformulated avoiding the expression “a lower risk” as not supported 
by an inferential procedure.  
Minor issues  
1) Introduction page 33 lines 34-40. The sentence “The risk was 
estimated….” should be removed.  
2) Results page 39 line 32. Which test was used to compare 
frequency, duration and intensity of heat waves among clusters? 
The test used should be described in the method section. 

 

VERSION 2 – AUTHOR RESPONSE 

[Reply to reviewer 1]  

• Please include the main result in the bullet points.  

=> We particularly appreciate for this comment because the editorial office also required the 

modification of "bullet points." We tried to strengthen bullet points by revising the original third point 

"We examined patterns of changes in heat-related mortality risks among regions with different climate 

characteristics" into "We examined patterns of temporal changes in heat-related mortality risks among 

regions with different climate characteristics and found that risk changes are affected by regional 

climate." (Pag 30 lines 18-21)  

 

• Pag 1 lines 15-15. I suggest to modify the sentence “…. lead to further increases in temperature and 

…” with ““…. lead to further increases in air temperature and …”  

=> We appreciate this recommendation because the suggested revision makes the original sentence 

clearer. As recommended, we added changed the word “further increases in temperature..” into 

“further increases in air temperature.. (Pag 31 lines 16-18)”  

 

• I think the authors should report the criterion followed to select the period to be studied. In this way 

explaining why they decided to exclude the years 2001-2007.  

=> We appreciate the point. We applied minor revision in the sentences within Materials and 

Methods; “we sought study periods of equal duration and with similar annual nationwide temperature 

trends and two sub-periods were selected; 1996–2000 and 2008–2012. This was because years with 

relatively lower temperature ranges between 2001 and 2007 (as much as 10% lower than that in other 
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years) could affect accurate estimation of the effect of temperature when the same threshold was 

applied to the study periods for an equal analytic environment.” (Pag 33 lines 20-33)  

 

• Further information on the local heat wave warning system could be useful. Is the South Korean 

system based on city-specific temperature threshold? Which meteorological (or biometeorological 

indicator) is used? Air temperature, apparent temperature, minimum, average maximum thresholds?  

=> We added the following sentence in discussion. "Maximum temperature and the national threshold 

are used to identify heat wave. Heat wave is defined as days with a daily maximum temperature 

exceeds 33⁰C for more than two days. Early heat wave forecast announce regions where heat wave 

is predicted." (Pag 46 lines 52-54 to Pag 47 lines 7-10) We are grateful that the suggestion has 

improved our manuscript.  

 

• I think the authors should explained in the text why they analyzed the age group 20-74, as reported 

in the response to the reviewer comments.  

=> We appreciate that the reviewer regarded age grouping as important. We added following 

sentences in materials and methods to give more information; “The effect of temperature was 

estimated for subgroup of cause, age, sex, education level, and job status. When examining age-

specific risks, we compared the risk between the age groups of 20–49 and 50–74 years and the risk 

estimates were not particularly different between these two groups. Thus, we estimated and report 

temperature effect in young adults grouped into a single group (20–74 years).” (Pag 37 lines 14-22)  

 

• Concerning the comment related the heat-wave classification, the authors should report in the text 

the explanation of why they decided to concentrate their attention on temperature avoiding more 

detailed heat-wave classifications.  

=> We appreciate this comment. Mentioning the reason we cared about heat wave would clarify that 

our main interest is estimating temperature effect but not evaluating heat wave definition. Thus, we 

added the following sentence in the text; "Features of heat wave were measured to identify the impact 

of regional climate on the degree of heat." (Pag 34 lines 30-32)  

 

[Reply to reviewer 2]  

Q-1. I think that in the discussion the authors should add a paragraph on which they recognise that no 

inferential procedure was performed to support the statement on differences among RRs, the reason 

why a descriptive approach was chosen, and how this choice affect the interpretation of their results.  

=> We appreciate this comment. To clarify the methods of analyses, we added new sentences in the 

text. First, we mentioned that sub analysis (descriptive approach) was used. Then, we commented 

supplementary analysis from two-stage analysis. This method was once suggested by the reviewer in 

the previous review process but adopting two-stage analysis for the test of temporal changes had 

methodological problem since we had only two study period. This time, we additionally conducted 

two-stage analysis by allowing each study year having yearly temperature effect and the result 

supported the main findings from our sub analysis for two separate study periods. Following 

sentences were added to give information of this. “GAMs are generally built for each separate 

subgroup of an effect modifiers (e.g. sex, age) to accurately consider the population at risk so most 

studies typically assessed modifying effects based on sub-analyses. Similarly, two study periods in 

this study were compared from separate sub-analyses. To verify the descriptive comparison of 

stratified analysis, two-stage analysis was applied in supplementary data; year-specific GAMs 

followed by a meta-regression analysis. We estimated the temperature-mortality relationship from 

year to year for each cluster allowing respective thresholds for each year from 1996 to 2012. A meta-

regression (mixed-effect model) was fitted for year-specific risks with year variable as a linear meta-

regressor to estimate trends over time. (Pag 37 lines 24-40)” “The results of meta-regression 

analyses of year-specific temperature-related risks supported the findings from stratified analyses in 

the main results; the increasing trend in relative risks of all-cause mortality and the decreasing trend 

in risks in 20–74 age group over year in Cluster H were statistically significant (Supplementary figure 
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1). The decreased risks in the elderly (≥75 years) or 20-74 age group in Cluster M and in Cluster C 

showed weak statistical power. (Pag 44 lines 38-49)”  

 

Q-2. In the results section page 42 line 12-16 the sentence should be reformulated avoiding the 

expression “a lower risk” as not supported by an inferential procedure.  

=> We thank you for this point. The original sentence was revised as follows to avoid the mentioned 

expression; “For all-cause mortality in the elderly (≥75 years) in Cluster H, the risk was 1.05 (95% CI 

= 1.02–1.08) in 2008–2012 and 1.08 (95% CI = 1.01–1.16) in 1996–2000, respectively (Table 2).”  

 

Q-1. Introduction page 33 lines 34-40. The sentence “The risk was estimated….” should be removed.  

=> We removed the original sentence and added a brief one for the context; “Heat-related mortality 

risk was estimated in terms of increases in the daily all-cause, cardiovascular, and respiratory 

mortality by change in the daily temperature.” (Pag 41 lines 13-19)  

 

Q-2. Results page 39 line 32. Which test was used to compare frequency, duration and intensity of 

heat waves among clusters? The test used should be described in the method section.  

=> We appreciate the comment. The following sentence was added to the Materials and Methods; 

“The annual mean of heat wave frequency, duration and intensity was calculated for study regions 

constituting study clusters and the differences among the clusters were tested by Kruskal-Wallis test.” 

(Pag 35 lines 53-54 to Pag 36 lines 6-14) 

VERSION 3 - REVIEW 

REVIEWER Marco Morabito 
Institute of Biometeorology - National Research Council, Italy 

REVIEW RETURNED 03-Jul-2016 

 

GENERAL COMMENTS I think the manuscript was substantially improved and is now ready 
for pubblication. Best compliment.  

 

REVIEWER Francesco Sera 
Research fellow  
London School of Hygiene & Tropical Medicine  
UK 

REVIEW RETURNED 29-Jun-2016 

 

GENERAL COMMENTS I think the manuscript has improved during the review process.  
The authors made an effort using an inferential procedure to 
evaluate RRs trends over time in different strata.  
 
Some minor issues:  
 
Perhaps there is a typo in the sentence describing the results of the 
supplementary analysis (see discussion section page 47 line 44). 
Should the sentence be ""and the increasing trend in risks in 20-74 
age group over years in Cluster H" instead of "and the decreasing 
trend in risks in 20-74 age group over years in Cluster H"?  
 
Perhaps the supplementary figures could be indexed by H, M and C 
instead of a), b) and c)  
 
I would remove "in supplementary data" from the sentence that 
describe the trend analysis in the methods section (line 32 page 40) 
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