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Abstract Ambient temperatures (heat and cold) are associated with mortality, but limited research is available about
groups most vulnerable to these effects in rural populations.
We estimated the effects of heat and cold on daily mortality
among different sociodemographic groups in the Vadu HDSS
area, western India. We studied all deaths in the Vadu HDSS
area during 2004–2013. A conditional logistic regression
model in a case-crossover design was used. Separate analyses
were carried out for summer and winter season. Odds ratios
(OR) and 95% confidence intervals (CI) were estimated for
total mortality and population subgroups. Temperature above
a threshold of 31 °C was associated with total mortality (OR
1.48, CI = 1.05–2.09) per 1 °C increase in daily mean temperature. Odds ratios were higher among females (OR 1.93;
CI = 1.07–3.47), those with low education (OR 1.65;
CI = 1.00–2.75), those owing larger agricultural land (OR
2.18; CI = 0.99–4.79), and farmers (OR 1.70; CI = 1.02–
2.81). In winter, per 1 °C decrease in mean temperature, OR
for total mortality was 1.06 (CI = 1.00–1.12) in lag 0–13 days.
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High risk of cold-related mortality was observed among people occupied in housework (OR = 1.09; CI = 1.00–1.19). Our
study suggests that both heat and cold have an impact on
mortality particularly heat, but also, to a smaller degree, cold
have an impact. The effects may differ partly by sex, education, and occupation. These findings might have important
policy implications in preventing heat and cold effects on
particularly vulnerable groups of the rural populations in low
and middle-income countries with hot semi-arid climate.
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Introduction
Global climate change is very likely increasing average temperature and impact of heat exposure in many places around
the world (Costello et al. 2009; Kjellstrom et al. 2009; Stocker
2013). Scientific evidence of the relationship between
weather/climate and health in low- and middle-income countries is well reported in sub-Saharan Africa and Asia including
12 INDEPTH Network surveillance sites (Smith 2014).
Research in urban areas of low and middle-income countries
has shown an increase in mortality in association with hot and
cold weather (Hashizume et al. 2009; McMichael et al. 2008).
Extreme heat events in 2015 were major health concerns in
India and Pakistan, with more than 1000 attributed deaths
during the summer when daily maximum temperature
exceeded 40 °C (BBC 2015). The population of western
India confronts frequent heat waves, with high risk of mortality and morbidity (Nag et al. 2013). However, there are relatively few studies of heat-related vulnerability specific to
South Asian populations (Ingole et al. 2012; Tran et al.
2013). In particular, in rural India, heat and cold exposures
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have not been explored at large extent. Work-related heat
stress has been studied in a handful of settings in India, e.g.,
outdoors, in poorly ventilated indoor workspaces, and near
furnaces (Nag et al. 2013). Among slum dwellers in Gujarat,
India, occupational exposure was independently related to
heat illness (Tran et al. 2013). Commonly, work-related heat
stress, and outdoor temperature load and its physiological impact associated with social and demographic parameters.
Socioeconomic status is one important factor that may be a
determinant of heat-related morbidity and mortality
(Gronlund 2014). Recently the association between temperature and rainfall and mortality has been studied in the Vadu
Health and Demographic Surveillance System (HDSS) area in
India (Ingole et al. 2012, 2015). Individuals of low income are
more likely to have chronic diseases or other medical risk
factors, mental illness, and less adequate types of housing,
which will all modify the risk of heat-related mortality.
Therefore, research is needed to achieve better understanding
of the multiple social and environmental factors of vulnerability to study interaction with heat exposures in the agricultural
and manufacturing industry workers.
In this study, we aimed to quantify the association of heat
during summer and cold during winter with mortality by sex,
age, ownership of agricultural land, house type, education and
occupation in Vadu Health and Demographic Surveillance
System (HDSS), a rural setting in western India, during
2004–2013.

Methods
Study area
The Vadu HDSS is located in between latitude 18° 30 to 18°
47 N and longitude 73° 58 to 74° 12 E, covering a geographical area of 232 km2, with an average altitude of 560 m. Vadu
HDSS includes 22 villages from two tehsils (administrative
blocks) (14 villages from Shirur and 8 villages from Haveli) in
Pune District of Maharashtra state. The total population was
131,545 (Vadu HDSS Database, August 2012) (Ingole et al.
2012, 2015). Vadu HDSS is a member of the International
Network for the Demographic Evaluation of Populations
and Their Health (INDEPTH) that conducts longitudinal surveillance for monitoring and evaluation of population health
in low and middle-income countries (Sankoh and Byass
2012).
Population data
The study data were obtained from the Vadu HDSS database
for the period of January 2004 to December 2013. In Vadu
HDSS, field research assistants (FRAs) visit each household
and record demographic events twice a year (Ingole et al.
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2015). Vadu HDSS collects information on deaths, births,
in-out migration, and pregnancies during demographic surveillance rounds since 2003. In this analysis, we have used
data of 3079 deaths; for each deceased, date of birth and date
of death, gender, occupation, and education was available
from routinely collected data. Additionally, the data on house
type and land ownership were collected at household level
during the socioeconomic status survey in 2004. These data
were linked to each death record. Only individuals of age
15 years and older were included in the analysis.
Classification of effect modifiers
Information on occupation is initially recorded as text in local
language (Marathi) and later coded in the database. There
were more than 30 different occupational classes, which we
classified into five main groups based on local knowledge
(farming, housework, manufacturing industry, service work,
and others). Information on ownership of agriculture land
(available for each household) was used. Owning 5 acres or
more of agricultural land was considered high, while owning
land smaller than 5 acres was medium, and owning no agriculture land was low.
Another effect modifier was the type of house, locally defined terms Bpucca^, Bsemi-pucca^ and Bkachha^. Houses
made from mud floor, thatched roof, walls painted with mud
or cow dung are called kachha houses, houses that use material similar to kachha coupled with some material used for
permanent structure such as walls with stones but still painted
with mud or tin walls but definitely no concrete roof are called
semi-pucca houses. Houses made of tiled floor, tin or concrete
roof, and walls plastered with cement are called pucca houses.
We classified all houses into either kachha (also including
semi-pucca) or pucca.
Lastly, education was classified into three classes: no education or uncompleted primary school (low education), completed primary school (medium education), and completed
secondary school or higher (including college and university)
(high education).
Weather data
Daily mean temperature for the study period of January 2004
to December 2013 was obtained from the National Oceanic
and Atmospheric Administration (NOAA) (http://www.ncdc.
noaa.gov). We also collected weather data from the local
meteorological office of the Indian Meteorological
Department (IMD) for the period of January 2004 to
December 2012 to check its validity with online available
data. We re-computed mean temperature in both datasets,
which were reasonably highly correlated (r = 0.95). In this
analysis, we have used daily mean temperature data that were
collected from NOAA.
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Defining the heat and cold season

Table 2 Descriptive statistics of all deaths and population sub-groups
during 2004–2013

To find simple functions characterizing heat and cold effects
in summer and winter respectively, we defined heat and cold
season based on summer months and winter months. In the
study area, the winter season lasts from November to February
and is followed by summer that lasts from March to June. The
monsoon in the study area starts from early June and continues
until the beginning of October.

Characteristics

Analyses were carried out in two stages. In the exploratory
stage, we used a quasi-Poisson regression model to examine
the association of heat and cold with daily death counts over
the study period of 2004–2013. We estimated the relationship
of heat and cold with total mortality with a lag of 0–1 day in
summer and 0–13 days in winter (Hashizume et al. 2008;
McMichael et al. 2008). A cubic spline function was used to
assess the functional form of the temperature-mortality relationship (six degrees of freedom (df) and to adjust for season
and time trends. The exploratory analyses were done using the
statistical software R-version 3.1.0.3 with splines fit by the
package generalized additive model (GAM).
In the second stage, the dose-response relationship between
temperature and mortality was explored for all deaths and for
population subgroups based on the heat and cold function
from the exploratory analysis using a time stratified casecrossover study design. Controls for each case were selected
for the same year, month and day of the week as the case.
Conditional logistic regression analysis was performed for
each sub-group (effect modifiers), separately for heat (summer
months) and cold (winter months) periods using statistical
software STATA version 13. 1.

Results
Table 1 presents a summary of the daily mean temperature of
summer and winter months. Table 2 displays descriptive statistics of all deaths and effect modifiers (occupation, education, land ownership, house type) used in this study. There
were in total 3079 cases of deaths included in the analysis.
Table 1 Descriptive statistics of daily mean temperature (summer and
winter months) during 2004–2013
Daily mean temperature (°C)

Mean

Std. Dev.

Min

Max

Summer months
Winter months

27.9
21.4

2.2
2.2

21.0
15.2

33.2
28.7

°C temperature in degree Celsius, Std. Dev standard deviation, Min minimum, Max maximum)

Percent

All deaths

3079

100

Age 15–67

1892

61.45

Age 68–80
Age 80+

732
455

23.77
14.78

1861
1218

60.44
39.56

Sex
Male
Female

Statistical methods

No.

Occupation
Farming

1131

36.74

House work

1388

45.09

Manufacturing work

230

7.47

222
107

7.21
3.48

High (≥5 acres land)

730

32.6

Medium (<5 acres land)
Low (no land)
House Type

1011
498

45.15
22.24

Kachha (poor quality)
Pucca (high quality)
Education group
Low (no or uncompleted primary school)

901
1338

40.24
59.76

1360

44.17

1094
625

35.53
20.3

Service work
Others
SES (agricultural land ownership)

Medium (completed primary school)
High (completed secondary school)

In the summer period with lag 0–1, the temperature-mortality
curve indicated a non-linear association with an upward slope
above 31 °C (Fig. 1), for the winter season within lag 0–
13 days, a linear association between daily mean temperature
and total mortality was found (Fig. 2).
In the second stage, we ran a conditional logistic regression
model in a case-crossovers study design. For summer months,
we found for total mortality an OR of 1.48 (CI = 1.05–2.09)
per degree Celsius increase in daily mean temperature above
the threshold of 31 °C in lag 0–1 day. Among occupational
groups, the farmers showed the highest risk (OR 1.70,
CI = 1.02–2.81). Residents with low education had a high risk
as well (OR 1.66, CI = 1.00–2.73). Women had higher risk of
heat-related mortality than men (OR 1.91, CI = 1.07–3.47).
No differences between age groups were observed (Table 3).
Table 4 shows effect estimates during the winter season
within lag 0–13 days. The total mortality and daily mean temperature in winter were found OR of 1.06 (CI = 1.00–1.12) per
degree Celsius decrease in temperature up to 0–13 days. The
effect of cold those employed in housework shows OR 1.09
(CI = 1.00–1.19). Elderly people (age 80+ years) had higher
risk (OR 1.13, CI = 0.97–1.33) than younger ones (OR 1.05,
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Fig. 1 Association of daily mean
temperature and total mortality
(quasi-Poisson regression model)
during summer period, lag 0–
1 day

CI = 0.98–1.13). No differences in heat and cold risks across
sub-groups were statistically significant.

Discussion
In this study, we aimed to identify the social and environmental factors associated with heat and cold-related mortality in
Vadu HDSS, western India, during 2004–2013. Confidence
intervals for heat and cold risks for sub-groups were wide and
overlapped, but there were differences that indicated suggestive evidence for some groups were more vulnerable than

others. Specifically, people working in farming and individuals with no education or primary school uncompleted were at
higher level of risk of dying on heat days. We found an increase in total mortality by 48% per degree Celsius above a
threshold greater than 31 °C during the summer period. These
findings are consistent with other research findings, which
showed 43% increase in mortality, during the summer months
in Gujarat in 2010 (Azhar et al. 2014; Ingole et al. 2015). In
the present study, also, we found an increased risk for working
age group (Ingole et al. 2012, 2015). Prior research in our
population showed that men of working age were more vulnerable to heat than women, which suggests that occupational
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Fig. 2 Associations of daily
mean temperature and total
mortality (quasi-Poisson
regression model) during winter
period, lag 0–13 days

factors might contribute to heat-related mortality risk (Ingole
et al. 2015). However, results show an increase of risk even for
the wokring age group (15–67 years old), and especially
among women.
Our results confirmed particularly high effects of heat on
mortality among farmers (OR 1.70). This might be because in
the present study, we investigated only heat during summer
months, not all-year daily temperature means. Heat mortality
risk varies by age and sex and shown that women at high risk.
There may be physiological reasons for increased risk in
women (Burse 1979; Havenith 2005; Kovats and Hajat 2008).

In Vadu HDSS population, individuals who had not completed primary school showed high risk of heat effects during
the summer period. These associations may exist because people with little or no education may be less aware of health risk
of heat or cold waves and high possibilities of work in farms.
In the USA and China, scientists found that low-education
level intensified the temperature-mortality relationship (Chan
et al. 2012; Ma et al. 2012; O’Neill et al. 2003; Wang et al.
2014; Yang et al. 2012). Education, occupation, and land ownership of land may be indicator of socio-economic status.
Social and demographic parameters, occupational heat
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Table 3 Risk of dying in summer
above threshold 31 °C (lag 0–
1 day), per degree Celsius
increase, by age, sex, and other
demographic parameters during
2004–2013 in Vadu HDSS, India
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Characteristics

Odds ratio

95% Confidence interval

All Deaths

1.48

1.04–2.09

Age 15–67
Age 68–80

1.51
1.40

0.97–2.35
0.69–2.89

Age 80+
Sex

1.48

0.60–3.65

1.29
1.93

0.83–1.99
1.07–3.48

Male
Female
Occupation
Farming

1.70

1.03–2.81

House work

1.17

0.61–2.24

Manufacturing work
Other

2.08
1.61

0.64–6.78
0.45–5.71

Service work
Ownership of agricultural land

0.89

0.18–4.39

High (≥5 acres land)
Medium (<5 acres land)
Low (no land)

2.18
1.38
1.25

0.99–4.79
0.82–2.32
0.44–3.58

1.87
1.35

0.99–3.54
0.82–2.25

1.66
1.75

1.01–2.73
0.94–3.26

0.86

0.36–2.02

House Type
Kachha (poor quality)
Pucca (high quality)
Education Group
Low (no or uncompleted primary school)
Medium (completed primary school)
High (completed secondary school)

exposure, and access to resources (e.g., water or health information) are likely to increase vulnerability (Tran et al. 2013).
Therefore, future interventions (e.g., health education)
targeted at specific population groups in rural India may reduce vulnerability to extreme heat (Ingole et al. 2015; Tran
et al. 2013). Housing characteristics have also been related
with heat-health outcomes (Maller and Strengers 2011). In
our study, individuals living in kachha houses showed little
vulnerability to heat during the summer period. In the Chicago
heat waves in 1995 and 1999, housing characteristics were not
found to be significant characteristics of vulnerability, after
controlling for other characteristics of vulnerability
(Gronlund 2014; Naughton et al. 2002; Semenza et al.
1996). The Vadu HDSS housing types might indicate indoor
heat, but might also be associated with socioeconomic factors
such as income or occupation.
In the cold season, overall results showed a 6% increase in
total mortality per degree Celsius decreased temperature in lag
0–13 days. The cold effects on residents working in housework
were higher than on those working as farmers and other occupational groups. This might be because of traditional cooking
practices using biomass fuel that may keep the indoor environment warm (Fullerton et al. 2008; Wu et al. 2011). Elderly
individuals had a higher cold-related mortality than younger

ones in the cold season. Several studies have supported similar
evidence that elderly individuals are most susceptible group
(Basu 2009; Dang et al. 2016; Gasparrini et al. 2012; Hajat
et al. 2007; Yang et al. 2012). This may be because aging
induces a decrease in thermoregulatory abilities, and increased
chronic diseases, which are likely to contribute to susceptibility
to temperature in this group (Gasparrini et al. 2012). The cold
effects on the population subgroups were not strongly associated. It might be that winter temperatures in Vadu usually are
still comparably high and therefore pose little health threats
(Ingole et al. 2015). More research is needed to improve understanding of the modulating factors such as housing quality,
technology, local topography, urban design, and behavioral
factors (Gronlund 2014; Ingole et al. 2015; Maller and
Strengers 2011; McMichael et al. 2008). There were no clear
modifications of cold effects in different population subgroups.
There are few strengths of this study that deserve consideration. This is the first study in a rural part of India, which
focused on social and demographic characteristics and ambient temperature. Secondly, the HDSS platform offered a
unique opportunity to exploit individual information that is
rarely available in developing countries (Sankoh and Byass
2014). Some limitations of the study must be taken into account. There is no standard method to classify occupation
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Table 4 Risk of dying in winter
temperature (lag 0–13 days), per
degree Celsius decrease, by age,
sex and other demographic
parameters during 2004–2013 in
Vadu HDSS, India
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Characteristics

Odds ratio

95% Confidence interval

All deaths

1.06

1.00–1.12

Age 15–67
Age 68–80

1.05
1.05

0.98–1.13
0.94–1.16

Age 80+
Sex

1.13

0.97–1.33

1.05
1.05

0.98–1.13
0.97–1.16

Male
Female
Occupation
Farming

1.06

0.97–1.16

House work

1.09

1.00–1.19

Manufacturing work
Other

0.86
1.06

0.64–6.78
0.87–1.27

Service work
Ownership of agricultural land

1.10

0.84–1.45

High (≥5 acres land)
Medium (<5 acres land)
Low (no land)

1.06
1.04
1.02

0.95–1.19
0.95–1.14
0.89–1.16

1.04
1.05

0.94–1.15
0.89–1.16

1.06
1.04

0.97–1.16
0.96–1.14

1.08

0.96–1.22

House Type
Kachha (poor quality)
Pucca (high quality)
Education Group
Low (no or uncompleted primary school)
Medium (completed primary school)
High (completed secondary school)

groups for developing countries and other effect modifiers
such as socio-economic status. There were too many occupation categories, some occupations could not be assigned to
specific categories and these posed the problem of how to
combine this diverse information into a five classes. Daily
mortality and temperature data were available from 2004 to
2013, but information about socioeconomic status were obtained only at one point, in 2004. That means that allocation of
socioeconomic factors might be outdated for those who died
at a later point. Another challenge in this study was the rather
small population size (very limited number of deaths in the
population and in subgroups), which limits our statistical power and interpretation of effect estimates.

Conclusion
This study suggests that effects of heat on total mortality in
Vadu HDSS area are particularly high in women, residents
working in Farms, and those with low education. This study
underscores the need for increasing public awareness about
effects of ambient air temperature on mortality. Local programs
encouraging preventive measures, communicated through
health education campaigns and community meetings, may
mitigate such effects. Outdoor workers should be encouraged

to avoid working during the hottest part of the day, wear appropriate clothing (lightweight) and bright colors, and to drink
plenty of water. Although air-conditioning may also be protective, practical implementation would be limited to indoor environments and cost-prohibitive in many low resource settings.
However, low-cost electric fans or cooling stations could be
possible options for reducing heat stress. These findings should
inform policy-makers of the vital importance of adaptation to
and mitigation of ongoing climate change. Policy may rely on
quantified evidence of the incremental impact of heat on
health, particularly among vulnerable groups.
Acknowledgements We thanks all residents of the Vadu HDSS site,
who have contributed with their personal information, and the field staff
who collected these data and the management staff who handled the data.
This work was partly undertaken within the Umeå Centre for Global Health
Research at Umeå University, with support from FAS/FORTE, the Swedish
Research Council for Health, Working Life and Welfare (FAS Grant No.
2006-1512). This research was supported by grants from the Swedish
Centre Party Donation for Global Research Collaboration. The authors
express their thanks to the INDEPTH network for financial support to the
first author. Authors acknowledge the London School of Hygiene and
Tropical Medicine (LSHTM) team for its support to the first author during
his stay at the school as a visiting research fellow during 2015 where this
work was primarily accomplished. The Author thank Professor Tord
Kjellstrom for his suggestions in the selection of age group in this study.
This work was also co-financed by the Graduate School in Population
Dynamics and Public Policy, Umeå University, Umeå, Sweden.

1804
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
Azhar GS et al. (2014) Heat-related mortality in India: excess all-cause
mortality associated with the 2010 Ahmedabad heat wave PloS one
9:e91831 doi:10.1371/journal.pone.0091831
Basu R (2009) High ambient temperature and mortality: a review of
epidemiologic studies from 2001 to 2008. Environmental health: a
global access science source 8:40. doi:10.1186/1476-069X-8-40
BBC (2015) Scientists in South Asia struggle to understand heatwave.
BBC News. http://www.bbc.co.uk/news/science-environment33288311. Accessed 27 June 2015
Burse RL (1979) Sex-differences in human thermoregulatory response to
heat and cold stress. Hum Factors 21:687–699
Chan EY, Goggins WB, Kim JJ, Griffiths SM (2012) A study of intracity
variation of temperature-related mortality and socioeconomic status
among the Chinese population in Hong Kong. J Epidemiol
Community Health 66:322–327. doi:10.1136/jech.2008.085167
Costello A et al (2009) Managing the health effects of climate change:
Lancet and University College London Institute for Global Health
Commission. Lancet, 373:1693–1733. doi:10.1016/S01406736(09)60935-1
Dang TN et al (2016) Characterizing the relationship between temperature and mortality in tropical and subtropical cities: a distributed lag
non-linear model analysis in Hue, Viet Nam, 2009-2013. Glob
Health Action 9:28738. doi:10.3402/gha.v9.28738
Fullerton DG, Bruce N, Gordon SB (2008) Indoor air pollution from
biomass fuel smoke is a major health concern in the developing
world. Trans R Soc Trop Med Hyg 102:843–851. doi:10.1016/j.
trstmh.2008.05.028
Gasparrini A, Armstrong B, Kovats S, Wilkinson P (2012) The effect of
high temperatures on cause-specific mortality in England and Wales.
Occup Environ Med 69:56–61. doi:10.1136/oem.2010.059782
Gronlund C (2014) Racial and socioeconomic disparities in heat-related
health effects and their mechanisms: a review. Curr Epidemiol Rep
1:165–173. doi:10.1007/s40471-014-0014-4
Hajat S, Kovats RS, Lachowycz K (2007) Heat-related and cold-related
deaths in England and Wales: who is at risk? Occup Environ Med
64:93–100. doi:10.1136/oem.2006.029017
Hashizume M, Armstrong B, Hajat S, Wagatsuma Y, Faruque AS,
Hayashi T, Sack DA (2008) The effect of rainfall on the incidence
of cholera in Bangladesh. Epidemiology 19:103–110
Hashizume M, Wagatsuma Y, Hayashi T, Saha SK, Streatfield K, Yunus
M (2009) The effect of temperature on mortality in rural
Bangladesh—a population-based time-series study. Int J
Epidemiol 38:1689–1697. doi:10.1093/ije/dyn376
Havenith G (2005) Temperature regulation, heat balance and climatic
stress. Extreme Weather Events and Public Health Responses:69–
80 doi:10.1007/3-540-28862-7_7
Ingole V, Juvekar S, Muralidharan V, Sambhudas S, Rocklov J (2012)
The short-term association of temperature and rainfall with mortality

Int J Biometeorol (2017) 61:1797–1804
in Vadu Health and Demographic Surveillance System: a population
level time series analysis. Glob Health Action 5:44–52. doi:10.3402/
gha.v5i0.19118
Ingole V, Rocklov J, Juvekar S, Schumann B (2015) Impact of heat and
cold on total and cause-specific mortality in Vadu HDSS-A rural
setting in western India. Int J Environ Res Public Health 12:
15298–15308. doi:10.3390/ijerph121214980
Kjellstrom T, Holmer I, Lemke B (2009) Workplace heat stress, health
and productivity—an increasing challenge for low and middleincome countries during climate change Global health action 2
doi:10.3402/gha.v2i0.2047
Kovats RS, Hajat S (2008) Heat stress and public health: a critical review.
Annu Rev Public Health 29:41–55. doi:10.1146/annurev.
publhealth.29.020907.090843
Ma W, Yang C, Tan J, Song W, Chen B, Kan H (2012) Modifiers of the
temperature-mortality association in shanghai. China International
journal of biometeorology 56:205–207. doi:10.1007/s00484-0110406-9
Maller CJ, Strengers Y (2011) Housing, heat stress and health in a changing climate: promoting the adaptive capacity of vulnerable households, a suggested way forward. Health Promot Int 26:492–498. doi:
10.1093/heapro/dar003
McMichael AJ et al (2008) International study of temperature, heat and
urban mortality: the ‘ISOTHURM’ project. Int J Epidemiol 37:
1121–1131. doi:10.1093/ije/dyn086
Nag PK, Dutta P, Nag A (2013) Critical body temperature profile as
indicator of heat stress vulnerability. Ind Health 51:113–122
Naughton MP et al (2002) Heat-related mortality during a 1999 heat wave
in Chicago. Am J Prev Med 22:221–227
O'Neill MS, Zanobetti A, Schwartz J (2003) Modifiers of the temperature
and mortality association in seven US cities. Am J Epidemiol 157:
1074–1082
Sankoh O, Byass P (2012) The INDEPTH network: filling vital gaps in
global epidemiology. Int J Epidemiol 41:579–588. doi:10.1093/ije/
dys081
Sankoh O, Byass P (2014) Time for civil registration with verbal autopsy.
Lancet Glob Health. doi:10.1016/s2214-109x(14)70340-7
Semenza JC, Rubin CH, Falter KH, Selanikio JD, Flanders WD, Howe
HL, Wilhelm JL (1996) Heat-related deaths during the July 1995
heat wave in Chicago. N Engl J Med 335:84–90. doi:10.1056/
nejm199607113350203
Smith KR, Woodward A, Campbell-Lendrum D, Chadee DD, Honda Y,
Liu Q, Olwoch JM, Revich B, Sauerborn R (2014) Human health—
impacts adaptation and co-benefits. Climate change 2014: impacts,
adaptation, and vulnerability working group II contribution to the
IPCC 5th assessment report. Cambridge University Press,
Cambridge, UK and New York, NY, USA
Stocker TF, D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung,
A. Nauels, Y. Xia, V. Bex and P.M. Midgley (2013) The physical
science basis. Contribution of working group i to the fifth assessment report of the intergovernmental panel on climate change
Tran KVet al (2013) A cross-sectional, randomized cluster sample survey
of household vulnerability to extreme heat among slum dwellers in
ahmedabad. India International journal of environmental research
and public health 10:2515–2543. doi:10.3390/ijerph10062515
Wang C, Chen R, Kuang X, Duan X, Kan H (2014) Temperature and
daily mortality in Suzhou, China: a time series analysis. Sci Total
Environ 466-467:985–990. doi:10.1016/j.scitotenv.2013.08.011
Wu PC, Lin CY, Lung SC, Guo HR, Chou CH, Su HJ (2011)
Cardiovascular mortality during heat and cold events: determinants
of regional vulnerability in Taiwan. Occup Environ Med 68:525–
530. doi:10.1136/oem.2010.056168
Yang J, Ou CQ, Ding Y, Zhou YX, Chen PY (2012) Daily temperature
and mortality: a study of distributed lag non-linear effect and effect
modification in Guangzhou. Environmental health : a global access
science source 11:63. doi:10.1186/1476-069x-11-63

