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Health effects from climate change are an international concern with urban areas at particular risk due to urban heat island effects.
Th burden of disease on vulnerable populations in non-climate-controlled settings has not been well studied. Thi study compared
neonatal morbidity in a non-air-conditioned hospital during the 2010 heat wave in Ahmedabad to morbidity in the prior and
subsequent years. Th outcome of interest was neonatal intensive care unit (NICU) admissions for heat. During the months of
April, May, and June of 2010, 24 NICU admissions were for heat versus 8 and 4 in 2009 and 2011,respectively. Both the effect of
moving the maternity ward and the effect of high temperatures were statistically signific nt, controlling for each other. Above 42
degrees Celsius, each daily maximum temperature increase of a degree was associated with 43% increase in heat-related admissions
(95% CI 9.2–88%). Lower fl or location of the maternity ward within hospital which occurred after the 2010 heat wave showed a
protective effect. The e findi gs demonstrate the importance of simple surveillance measures in motivating a hospital policy change
for climate change adaptation—here relocating one ward—and the potential increasing health burden of heat in non-climatecontrolled institutions on vulnerable populations.

1. Introduction/Background
Climate change is a growing international concern with current and future global eff cts. The Intergovernmental Panel
on Climate Change (IPCC) reports unequivocal evidence
for the warming of climate systems with a global mean
temperature rising 0.74∘ C between 1906 and 2005, and the 11
years 1995–2006 have been reported as being among the 12
warmest years since 1850 [1]. The e rising temperatures are
especially disconcerting for urban areas.
Specific lly, in urban areas the warming from climate
change increases the risk of heat waves by compounding the
existing problem of urban heat islands—a result of urban
areas being hotter than surrounding rural areas due to more
impervious and heat absorbing surfaces that retain and subsequently reradiate incident solar radiation, less vegetation,

and more local heat production [2, 3]. As such, climate change
aff cting these areas will have far-reaching consequences, as
the proportion of the global population living in urban areas
increases. For example, the urban proportion of the global
population increased from 30% in the 1950s to over 50% in
the early 2000s and, by the year 2030, 60% of the world’s
population is expected to live in cities, according to the
United Nations (2001) World Population Prospects Revision
Report [4].
One city of importance is Ahmedabad, India, with a
population of 7.2 million [5]. Ahmedabad is the largest city
in Gujarat and among the fastest growing cities in India [6].
Located in the arid Northwest region of India, Ahmedabad’s
warm, dry conditions often include heat waves. Ahmedabad’s
hot season typically runs from March to June, with an average
monthly maximum of 38.8∘ C (101.8∘ F) during this period
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[7]. According to the India National Assessment, the region
of Western Ghats where the city of Ahmedabad is located
is projected to have mean annual temperatures of 26.8 ±
0.4∘ C–27.5 ± 0.4∘ C in the 2030s, an increase of 1.7-1.8∘ C
with respect to the 1970s [8]. In May 2010, Ahmedabad
experienced a record-setting heat wave which anecdotally
resulted in increased all-cause mortality as temperatures
locally reached as high as 46.8∘ C [9]. Th health department
of the Ahmedabad Municipal Corporation (AMC) reported
that the total death toll from this heat wave was 47, with 29
deaths from heatstroke alone [10]. However, this was based
on a preliminary analysis without a formal excess mortality
assessment.
The informal death toll reported in Ahmedabad is unfortunately realistic or even an underestimate of the actual health
impact from the heat wave according to studies of heathealth impacts elsewhere. Even high resource countries have
signific nt health effects during heat waves. For example, in
some northern US cities, the effects of heat have increased
summer mortality by nearly 40% over baseline averages [11].
Also in the United States, heat waves cause more deaths
annually than any other natural disaster [12].
Health effects from heat waves extend beyond just
increased mortality. The U.S. Centers for Disease Control
and Prevention lists the three most common types of heatrelated illnesses (HRI) as heat cramps, heat exhaustion,
and heatstroke [13]. The e types of illness can occur when
individuals are exposed to extreme heat and may lead to
death if not properly diagnosed and treated [11]. Th study
of heat-related illness is a growing area and, thus far, has
been primarily studied in occupational settings. For example,
studies have found that workers exposed to extreme heat
may be at risk of several types of heat-related illnesses [14].
However, the eff cts of extreme heat are not limited to
occupational settings nor only heat-related illness. In a review
looking more broadly at elevated ambient temperatures,
defin d in this review and for the purposes of this study
as outdoor temperatures as measured by standard meteorological services and mortality studies from 2001 to 2008,
there was an association with higher ambient temperatures
and increased risk of death from respiratory, cerebrovascular,
and cardiovascular diseases, including ischemic heart disease,
congestive heart failure, and myocardial infarction across all
ages, race, and gender [15].
Higher ambient temperatures are also associated with
other types of illness besides heat-related illness. In a
California study, high ambient temperature was signifi
cantly associated with preterm birth, regardless of maternal
racial/ethnic group, maternal age, maternal education, or
sex of the infant [16]. Importantly, certain groups such as
younger mothers, Blacks, and Asians had an even higher
association of negative outcomes and temperature indicating
the potentially important role of socioeconomic factors. One
review of epidemiological literature identifi d 20 studies
that investigated seasonality of birth outcomes and reported
statistically significant seasonal patterns. Most of the studies
found peaks of preterm birth, stillbirth, and low birth weight
in winter, summer, or both, which indicates the extremes
of temperature may be an important determinant of poor
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birth outcomes [17]. Increasing ambient temperature has also
been associated with infectious diseases such as diarrheaassociated morbidity in a 10-year Taiwanese study [18] and,
indirectly, through changes in air quality, with respiratory
illness [19]. Ambient temperatures are shown to be a universal
hazard and concern, as they present various and vital implications to public health.
Thi epidemiologic literature indicates that infants are
a population particularly vulnerable to the rising global
temperatures. While keeping an infant warm enough to
prevent hypothermia has been the focus of much neonatal work, preventing hyperthermia is also important [20].
Homeothermy requires a balance among heat production,
skin blood fl w, sweating, and respiration in such a way
that changes in heat loss or gain from the environment are
precisely compensated. Greater susceptibility of body temperature to ambient temperatures is to be expected in smaller
organisms because of their large surface area to volume ratio,
the relatively small insulating body shell, despite a higher
percentage of brown adipose tissue in newborns, and the
smaller body mass that acts as a heat buffer in large organisms [21]. Additionally, any pathological conditions such as
malnutrition, as is widespread in India, or pulmonary disease
can further exacerbate a baseline physiologic susceptibility. A
review of data suggests that despite attempts to eliminate heat
through adjustments in the peripheral circulation (narrowing
central peripheral gradients) infants are not as able as older
children and nonelderly adults to maintain set-point temperatures [19].
In addition, the difficulty neonates have in thermoregulation makes them a potentially vulnerable population during
times of extreme heat. In previous reports on heat waves and
high ambient temperature, very few studies have considered
or found eff cts in infants and young children [22]. Thi
is perhaps due to most studies being conducted using data
from developed countries with likely higher rates of climatecontrolled, indoor settings. A retrospective study of mortality
related to a 2003 heat wave in France found moderate but
signific nt excess mortality also occurred among male infants
aged less than 1 year [23]. Another study done in California
found increased mortality risk in infants 1year of age or
less [24].
During a scientifi workshop in Gujarat, India during
the spring of 2011 focusing on heat and health [25], preliminary data highlighted the potential burden of disease
on infants in non-climate-controlled buildings there, such
as most homes and hospitals. Non-climate-controlled refers
to the absence of a heating or cooling system that regulates
temperature and humidity within a building. One energy
survey estimated that only 129 hospitals have air-conditioning
of the approximately 16,000 total hospitals across the country
[26, 27]. A review of the literature—including both PubMed
and Web of Science searches—revealed little work on the
association of elevated ambient temperatures with morbidity
or mortality in non-climate-controlled settings (see supplementary Annex 1in Supplementary Material available online
at http://dx.doi.org/10.1155/2014/946875). While absence of
air-conditioning is a known risk factor for heat stroke and
death among the elderly in residential settings and nursing
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Figur e 1:Nine-month study period, April–June 2009–2011,relative
to the maternity ward hospital fl or location.

homes in New York City [28], other institutional settings
and health effects have not been studied. Thi study examines neonatal morbidity in a non-climate-controlled hospital
setting during the May 2010 heat wave in Ahmedabad. Two
primary questions of interest are (1) was there a relationship
between high ambient temperatures and the rate of neonatal
intensive care unit (NICU) admissions during the May 2010
heat wave in Ahmedabad? and (2) did the relocation of the
maternity ward from top to ground floor have an effect on
subsequent NICU admission rates?

2. Methods
2.1. Study Setting. This study is a retrospective review of
hospital records for births and NICU admissions with a
diagnosis for heat-related illness that occurred between April
1st and June 30th during the years 2009, 2010, and 2011at
the SCL General Hospital, serving a primarily low income
population, in Ahmedabad, Gujarat, India. The data was
obtained by manual transcription of the paper charts from
the years of study. In 2009 and 2010, the maternity ward
was on the fourth, highest, and reportedly hottest fl or of
the hospital, including May 2010 when the heat wave struck
the city. After the 2010 heat wave but prior to the 2011
warm season of April, May, and June, the maternity ward
was relocated to the ground and reportedly coolest level
(Figure 1). Selection of the nine months enabled comparison
with similar season months both before and after the 2010
heat wave event. Temporal matching such as the one used
here is commonly used in heat wave analyses and helps to
minimize confounding by population scale variables [29–31].
2.2. Data. For the nine months in study, the data included
the number of daily births at the hospital, total daily NICU
admissions, and daily NICU admissions for heat-related
illness (i.e., heat-related admissions). NICU and heat-related
NICU admissions included neonates—infants 0–28 days old
—born outside of hospital and in-hospital transfers from
maternity ward. The study outcome of heat-related illness was
a diagnosis of exclusion defin d as neonates admitted to the
NICU with body temperature ≥38∘ C with any of the following
signs or symptoms: refusal to feed, signs of dehydration,
weight loss > 10% of birth weight, increased respiratory rate,

convulsions, and/or lethargy. Exclusion criteria included evidence of septicemia, acute gastroenteritis, or central nervous
system infection based on available cultures or labs.
Weather data was obtained in person by study author
(KK) directly from the India Meteorological Department.
Data included daily maximum and minimum temperatures
and two daily relative humidity levels for the time period
of April 1–June 30 for the years 2009, 2010, and 2011. Air
pollution data was not available.
2.3. Analysis. To evaluate the effects of extreme heat on
neonatal outcomes, we looked for an effect of maximum
temperature and floor of the NICU on admissions for heat,
as well as on total deliveries and non-heat-related NICU
admissions. Humidity was included in preliminary models
but ultimately excluded because no association was seen and
from a policy perspective humidity is not included in the
weather department’s heat wave defin tion. First, graphical
methods were used to suggest the type of function that
would relate (heat-related) admissions to temperature. The
preliminary visual evaluation suggested that the effect of temperature on admissions began at some point between 40∘ C
and 42∘ C. We used Generalized Linear Models to evaluate the
number of daily events, which we assumed followed a Poisson
distribution. The variables used to predict this outcome were
(i) maximum temperature per day, (ii) number of deliveries
over the past three days, (iii) and whether the ICU was located
on the top floor (in 2009 and 2010) or on a lower floor. For the
effect of heat, we used segmented regression and specific lly
chose a horizontal line up to a certain temperature𝑇 and then
for max 𝑇 > 𝑇 joined this segment with a line with slope 𝛽3 .
To further explore breakpoints, temperatures were selected
from the 10th percentile of maximum temperature at 38∘ C,
to the 90th percentile at 43.5∘ C for the temperature, 𝑇, in
which the segmented line was allowed to slope upwards. Th
temperature of the “best fit” for the equation below, evaluated
based on the log likelihood, was 42∘ C. We used proc genmod
of SAS software, to estimate the parameters 𝛼, 𝛽1 , 𝛽2 , 𝛽3 in
Log [heat-related admissions]
= 𝛼 + 𝛽1 (births − 7.4) + 𝛽2 Floor for max 𝑇 < 𝑇 ∘ C,
Log [heat-related admissions]
= 𝛼 + 𝛽1 (births − 7.4) + 𝛽2 Floor
+ 𝛽3 (max 𝑇 − 𝑇)

for max 𝑇 ≥ 𝑇 ∘ C,

(1)

where births is the average number of births over the previous
3 days, fl or = 0 for years 2009 and 2010 and fl or = 1for 2011,
and max 𝑇 is the maximum temperature in degrees Celsius.
Th same model was used for the secondary analysis of all
NICU admissions, and a similar model was used for births
except, obviously, the births term was removed.
2.4. Ethical Clearance. This study was approved by Smt.
N.H.L. Municipal Medical College of Ahmedabad’s Intramural Research Committee and the Program for the Protection
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Figur e 2: Maximum daily temperatures (degree Celsius) for the 9
months of study from India Meteorological Department’s weather
data. Heat wave criteria are either 45 degrees Celsius (line shown in
red) or lower if daily maximum temperature is >4 degrees Celsius
above the normal maximum daily temperature.

of Human Subjects of the Icahn School of Medicine at Mount
Sinai.

3. Results
In the context of evaluating the eff ct of heat, we note that
over the entire 9 months of study, daily maximum temperatures ranged from 31.0∘ to 46.8∘ C. Th average maximum
temperature for 2009 was 40.8∘ C, 41.8∘ C for 2010, and 40.3∘ C
for 2011 (Figure 2). According to the India Meteorological
Department criteria (heat wave defin tion used the “Climate
of Ahmedabad” booklet (India Meteorological Department,
January 2012) criteria: (a) when normal maximum temperature of a station is less than or equal to 40∘ C: (i) heat
wave: departure from normal is 5 to 6∘ C and (ii) severe
heat wave: departure from normal is 7∘ C or more. (b) When
normal maximum temperature of a station is more than 40∘ C:
(i) heat wave: departure from normal is 4 to 5∘ C and (ii)
severe heat wave: departure from normal is 6∘ C or more. (c)
When actual maximum temperature remains 45∘ C or more
irrespective of normal maximum temperature, heat wave
should be declared), the days of April 17and 18 and May 13–
15, 17, and 20–25 in 2010 qualifie as a heat wave with daily
maximum temperatures varying between 44.5∘ and 46.8∘ C.
During these 12 days, there were 111 total births at SCL GH
with an average of 8.5 per day, and a total of six neonates were
admitted to the NICU with heat-related illness. Over the 273
study days, the temperature mean (SD) was 40.8 (2.3); the
median temperature was 41.1∘ C, and the middle 50% of the
days were between 39.5∘ C and 42.4∘ C, the 10th percentile was
38∘ C and the 90th 43.5∘ C.
Table 1 tabulates, for each of the 9 months of the study,
the average maximum temperature, number of births to the
study hospital, number of ICU admissions, and number of
heat-related admissions. A total of 2,025 births occurring at
the hospital were included in our analysis with an average of
7.4 births per day. Monthly total deliveries at SCL General
Hospital ranged from 203 to 253 with an average of 225

deliveries per month. There were 554 total neonates admitted
to the NICU, averaging 2 per day, with 36 of these being
classifi d as admitted for heat-related illness. Th number of
total admissions to the NICU ranged from 51to 82 per month,
with an average of 61.5 admissions per month. Th number
of admissions to the NICU with a heat-related illness ranged
from 1–13 per month. During the months of April, May, and
June of 2010, there were 24 NICU admissions for heat, versus
8 and 4 in 2009 and 2011,respectively. When considering only
babies transferred from the hospital’s maternity ward into the
NICU for heat-related illness, the number was 20 in the 2010
period versus 5 and 2 in 2009 and 2011,respectively.
Descriptive statistics of infants admitted to the NICU
with a heat-related illness, including gender, gestational ages,
mode of delivery, low birth weight prevalence, age in hours
at time of admission to NICU, >10% weight loss, fever, and
maternity ward versus out of hospital transfer, can be found
in Table 2.
In the models, in which the 𝑇, the turn for the segmented
regression, that is, breakpoint, varied from the 10th percentile
of maximum temperature at 38∘ C to the 90th percentile at
43.5∘ C, the eff ct of floor and of increases in temperature
was statistically signific nt. As described in Section 2.3, the
temperature of the “best fit” for our segmented regression
model was 42∘ C. At this temperature (42∘ C), moving the
maternity ward to a lower floor was associated with a
predicted 64% reduction in heat-related admissions, 95%
confidenc intervals 3% to 89%. As for temperature association at this same breakpoint of 42∘ C, each increase in degree
Celsius over 42∘ C was associated with a 43% increase in heatrelated admissions, 95% confidenc intervals 9.2% to 88%.
When examining non-heat-related NICU admissions
instead of heat-related admission and then total number of
deliveries, we found a similar direction of association though
non-statistically signific nt results. For example, in the model
looking at non-heat-related NICU admissions, controlling for
floor and number of admissions, there was a 1% increase in
admissions per degree increase over 40∘ C (𝑃 = .83) and a
predicted 14% reduction due to moving the floor to a lower
level (𝑃 = .13). For deliveries per day, adjusting for fl or,
there was an increase of 2% in the number of deliveries per
1%increase in degree over 40∘ C (𝑃 = .29).
Of note, we observe several outliers in which more heatrelated admissions still occurred despite lower temperatures.
Various factors including alterations in individual or community protective factors—conditions or behaviors that lower
the eff ct of high temperatures on neonatal health—or other
meteorologic variables could be responsible, but limited data
sets prevented exploration.

4. Discussion
Analysis of the hospital and weather data found a relationship
between ambient, or outdoor, temperatures and the number
of NICU admissions for heat at a non-climate-controlled
hospital in Ahmedabad, India. We also found moving the
location of a maternity ward within hospital from the fourth
and highest fl or to the ground and reportedly cooler floor
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Ta bl e 1: Average maximum temperature (Max. temp.), number of births to the study hospital, number of Neonatal Intensive Care Unit
(NICU) total admissions (ICU Adm.), and number of heat related admissions to the NICU (Heat Adm.) by month.

2009

2010

2011

April
Max. temp. = 40.2
Heat Adm. = 5
ICU Adm. = 82
Births = 246
Max. temp. = 41.7
Heat Adm. = 3
ICU Adm. = 51
Births = 203
Max. temp. = 39.7
Heat Adm. = 1
ICU Adm. = 52
Births = 206

May
Max. temp. = 41.9
Heat Adm. = 1
ICU Adm. = 61
Births = 225
Max. temp. = 43.8
Heat Adm. = 13
ICU Adm. = 75
Births = 253
Max. temp. = 41.0
Heat Adm. = 2
ICU Adm. = 53
Births = 228

June
Max. temp. = 40.1
Heat Adm. = 2
ICU Adm. = 59
Births = 230
Max. temp. = 39.9
Heat Adm. = 8
ICU Adm. = 58
Births = 209
Max. temp. = 29.1
Heat Adm. = 1
ICU Adm. = 53
Births = 225

Bold type represents the values during the month of May 2010when the heat wave event that triggered this study occurred.

Ta ble 2: Descriptive statistics of neonates admitted to NICU with heat diagnosis.
Neonates admitted to NICU with heat diagnosis
Gender, male
Gestational age, full term
Mode of delivery, cesarean
Low birth weight, <2500 gm
Age (in hours) at admission, mean
Weight loss > 10%of BW
Transferred from within same hospital
∗

2009, 𝑛 = 8
100% (8)
100% (8)
37.5% (3)
50% (4)
80
25% (2)
62.5% (5)

2010, 𝑛 = 24
54% (13)
100% (24)
25% (6)
37.5% (9)
67
42% (10)
83.3% (20)

2011,𝑛 = 4
50% (2)
100% (4)
0
0
140
75% (3)
50% (2)

Counts are from the months April, May, and June of the corresponding year.

aft r the May 2010 heat wave showed a protective eff ct. Our
data suggest that during the month of the heat wave, while
the maternity ward remained on the top floor of the nonair-conditioned hospital, there was an increase in heat-related
admissions to the NICU.
There are several possible reasons for the observed
increase in NICU admissions for heat during the month of
the 2010 heat wave. It could be that heat affects the infant in
utero and causes him or her to be more vulnerable at birth
due to either a younger gestational age (perhaps even just
a few days) or physiologic stress from heat independent of
the timing of the labor and delivery. Another possible reason
for increased heat-related admissions is detection bias which
perhaps shifted diagnosis of other illnesses toward heat. This
possibility could not be ruled out completely because of
lack of information about other diagnoses for other NICU
admissions in our data set. Additionally, the findi gs from
this study would have been strengthened if, when looking at
the effect of the maternity ward location, we had patient data
on a period of outdoor temperatures comparable to that of
the May 2010 heat wave but from the ground fl or location.
A previous study conducted on pregnant women in
Barcelona found episodes of a relatively high heat index on
the day before delivery was associated with a 2-day reduction
in average gestational age at delivery and the most extreme

heat condition was associated with a 5-day reduction, suggesting a dose response relationship [32]. While all babies
admitted to the NICU for heat were listed as full term, the
specific gestational age in weeks and days was not available to
explore this further.
As previously mentioned, little research exists on the
effects of high ambient temperatures and the vulnerable
population of neonates. One area that has been looked at
is the relationship between temperature and sudden infant
death syndrome (SIDS). A possible role for hyperthermia in
SIDS has been hypothesized because some victims are found
in unusually warm environments, are warm and sweaty when
found dead, are wrapped tightly in clothing or bedding, have
a history of febrile illness before death, or have high rectal
temperatures at examination or autopsy [33, 34]. In our study,
none of the neonates died and so this was not examined. A
larger dataset would permit exploration of these outstanding
questions, which warrants the need for further study.
One of the primary limitations to this study is that the
lack of descriptive information on non-heat-related cases
limited the ability to examine individual level risk factors.
Being able to examine other factors would possibly lead to
evidence about protective eff cts and modifiable risk factors.
For example, information is needed on neonates born at
SCL General Hospital but not admitted to NICU, on all
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NICU admissions, and ideally on those brought into hospital
following an outside of hospital birth. This information could
be used to study other variables that may have contributed to
heat vulnerability such as birth weight, socioeconomic status,
mode of delivery, and breast or formula feeds. Th ee out
of every five births in India take place at home [35]. Harsh
environmental conditions and other negative factors could
have a relatively large eff ct on birth outcome. We do know
that some of the infants admitted to the NICU during the
study period were born outside of the hospital, but we do
not know their specific conditions nor their proportion of the
total and thus are limited in the extent that we can explore the
characteristics of these infants.
Additionally there are limitations to the exposure estimates used. Our meteorological data were for ambient,
that is, outdoor, conditions only and were used as a proxy
of indoor conditions. Direct indoor measurements would
permit more precise characterization of the exposure. We can
only estimate and infer based on what we know of indoor
conditions in relation to outdoor temperature. The India
Meteorological Department (IMD) records their temperature
data near the airport located on the outskirts of the city.
An urban heat island eff ct of 2–4∘ C has been reported in
Ahmedabad, suggesting that residents may experience hotter
temperatures than those reported [36].
Lastly, in terms of limitations, the highest temperatures
occurred when the NICU unit was on the top floor. Thus there
is a statistical problem in disentangling these two variables.
We can find both temperature and fl or signific nt even with
the other in the model. However the co-linearity will increase
the variability, and in interpreting the findings we should bear
this dependence in mind.
Considering global health implications, it is important to
note the difference in the heat wave criteria of Ahmedabad
compared to that of a developed city in a temperate zone
such as New York, NY. New York City and much of the
northern United States issues alerts of excessive heat when the
maximum heat index is expected to reach 37.8∘ C for a 24 hr
period [37]. As previously mentioned, in Ahmedabad a “heat
wave” is called when temperatures reach ≥45∘ C. According
to a local media report, the 2010 heat wave was the first time
the IMD issued a severe heat wave warning in Ahmedabad,
cautioning people against sun stroke [38]. Repeated heat
exposure has been known to decrease the sweating threshold,
that is, a sensitization occurs in the course of repeated
heat exposure rather than development of tolerance [39].
Tho e exposed to extreme ambient temperatures for extended
periods of time will over time begin to sweat less. Th
sweating threshold shift as it occurs during heat adaptation,
accompanied by similar changes in the threshold temperatures for shivering and vasodilatation [40]. In Ahmedabad,
the problem of repeated exposure to extreme heat is further
compounded by a lack of easily available resources and public
health awareness. Such climatic differences underscore the
importance of local or regional data for best characterization
of any given population’s risk.
From a public health perspective, further research
resources need to be directed to places where heat adaptation
resources such as air-conditioners are scarce, yet the need
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is high. It is important for initiatives to be specific for a
target audience and to consider heat wave criteria of location.
In addition, public health solutions should look toward
engineering and architectural design solutions such as central
ventilation shaft used in older Ahmedabad buildings but not
commonly in newer building and light-colored surfaces on
rooftops to help with cooling on the top fl ors of buildings.
There is a growing body of work regarding the energy
savings from such relatively simple technologies [41], but the
health effects of such interventions in non-climate-controlled
buildings have not been well documented.
Recommendations for improved future research include
a longitudinal study with descriptives collected on all data
subjects. Improved data would include temperature measurements taken from inside the maternity ward and birth
information from those brought into the hospital from outside births. In order to explore in more depth the preceding
questions regarding protective factors or modifi ble risk
factors and the vulnerabilities of the fetus in utero versus
the neonate in the prenatal period, additional epidemiologic
studies, and ultimately a randomized controlled trial with
comparable hospitals and control groups would add to the
understanding of the effects of hospital cooling interventions.

5. Conclusion
Thi preliminary study supports the hypothesis that neonatal
morbidity increases in non-climate-controlled settings during periods of extreme high ambient temperatures, applying
evidence from study in Ahmedabad, India. Analysis of the
maternity ward’s location revealed both the detrimental
effects of high outdoor temperatures and the positive health
effects of a simple hospital level intervention. These findings
demonstrate the importance of simple surveillance measures
in motivating a hospital policy change toward climate change
adaptation—here relocating one ward—and the potential, as
yet little studied, increasing health burden of heat in nonclimate-controlled institutions serving vulnerable populations. The health effects of climate change are a growing
international concern that may have dramatic implications
for the health of future generations. Newborns and pregnant
women comprise some of our most heat-vulnerable populations and thus could be among those most aff cted by
climate change. We emphasize the need for further research
on climate change effects on and viable adaptation strategies
for such heat-vulnerable populations.

Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments
Thi paper was developed in conjunction with the ongoing research collaboration memorandum of understanding
among the Ahmedabad Municipal Corporation, the Gujarat
Government, the Public Health Foundation of India, Indian

Journal of Environmental and Public Health
Institute of Public Health, and the Natural Resources Defense
Council (NRDC). Additional support came from the IndoUS Science and Technology Forum (IUSSTF) and the Climate and Development Knowledge Network (CDKN). The
NRDC’s India Initiative team made the project work possible.
Th Ahmedabad Heat and Climate Study Group consists
of (in alphabetical order) Dr. Gulrez Shah Azhar (IIPH-G),
Bhaskar Deol (NRDC), Dr. Jeremy Hess (Emory University),
Anjali Jaiswal (NRDC), Dr. Radhika Khosla (NRDC), Dr.
Kim Knowlton (NRDC and Mailman SPH, Columbia University), Dr. Dileep Mavalankar (IIPH-G), Ajit Rajiva (IIPHG), Amruta Sarma (Fulbright Student Research Scholar), and
Dr. Perry Sheffie (Icahn SOM at Mount Sinai).

References
[1] L. Bernstein, P. Bosch, O. Canziani et al., “Core writing
team. Summary for policy makers,” in Climate Change 2007:
Synthesis Report. Contribution of Working Groups I, II and
III To the Fourth Assessment Report of the IntergovernmentAl
Panel on Climate Change, R. K. Pauchari and A. Reisinger,
Eds., Intergovernmental Panel on Climate Change, Geneva,
Switzerland, 2007, http://www.ipcc.ch/pdf/assessment-report/
ar4/syr/ar4 syr spm.pdf.
[2] Climate Protection Partnership Division and U. S. Environmental Protection Agency’s Offi of Atmospheric Programs,
Reducing Urban Heat Islands: Compendium of Strategies, 2008,
http://www.epa.gov/heatisland/resources/index.htm.
[3] L. Dan and E. Bou-Zeid, “Synergistic interactions between
Urban heat islands and heat waves: the impact in cities is larger
than the sum of its parts,” Journal of Applied Meteorology and
Climatology, vol. 52, no. 9, pp. 2051–2064, 2013.
[4] J. Golden, “The built environment induced urban heat island
effect in rapidly urbanizing arid regions: a sustainable urban
engineering complexity,” Environmental Science, vol. 1, no. 4, pp.
321–349, 2004.
[5] Government of India, Census of India: Provisional
Populations Totals, Ranking of Population Districts,
2001–2011, Census of India Website: Offi
of the
Registrar General & Census Commissioner, India, 2011,
http://www.censusindia.gov.in/2011-prov-results/prov data
products gujarat.html.
[6] J. Kotkin, Th World’s Fastest Growing Cities, 2010,
http://www.forbes.com/2010/10/07/cities-china-chicago-opinions-columnists-joel-kotkin.html.
[7] See “Weather and Climate in Ahmedabad,” Maps of India,
http://www.mapsofahmedabad.com/general-information/
weather.html.
[8] Indian Network for Climate Change Assessment (INCCA),
Climate Change and India: A 4×4 Assessment. A Sectoral
and Regional Analysis for 2030s, 2010, http://moef.nic.in/
downloads/public-information/fin- pt-incca.pdf.
[9] Express News Service, Ahmedabad.com, Heatwave Kills 29 in 3
Days in Ahmedabad, 2010, http://www.expressindia.com/latestnews/heatwave-kills-29-in-3-days-in-ahmedabad/622821/.
[10] D. Jitendra, Dying Heat Wave Kills 8 More in Ahmedabad, DNA India.com, 2010, http://www.dnaindia.com/india/
report dying-heat-wave-kills-8-more-in-ahmedabad 1388373.
[11] F. C. Curriero, K. S. Heiner, J. M. Samet, S. L. Zeger, L. Strug, and
J. A. Patz, “Temperature and mortality in 11cities of the Eastern

7
United States,” American Journal of Epidemiology, vol. 155, no. 1,
pp. 80–87, 2002.
[12] K. A. Borden and S. L. Cutter, “Spatial patterns of natural
hazards mortality in the United States,” International Journal of
Health Geographics, vol. 7, article 64, 2008.
[13] Department of Health and Human Services and
Center for Disease Control, Recognizing, Preventing
and Treating Heat-Related Illness, 2012, http://www.cdc.
gov/nceh/hsb/extreme/Heat Illness/index.html.
[14] National Institute for Occupational Safety and Health and
Center for Disease Control, Heat Stress Saftey and Health Topics,
2012,http://www.cdc.gov/niosh/topics/heatstress/.
[15] R. Basu, “High ambient temperature and mortality: a review
of epidemiologic studies from 2001 to 2008,” Environmental
Health, vol. 8, article 40, 2009.
[16] R. Basu, B. Malig, and B. Ostro, “High ambient temperature and
the risk of preterm delivery,” American Journal of Epidemiology,
vol. 172, no. 10, pp. 1108–1117, 2010.
[17] L. B. Strand, A. G. Barnett, and S. Tong, “The influence of season
and ambient temperature on birth outcomes: a review of the
epidemiological literature,” Environmental Research, vol. 111,no.
3, pp. 451–462, 2011.
[18] W. C. Chou, J. L. Wu, Y. C. Wang, H. Huang, F. C. Sung, and
C. Y. Chuang, “Modeling the impact of climate variability on
diarrhea-associated diseases in Taiwan (1996–2007),” Science of
the Total Environment, vol. 409, no. 1, pp. 43–51, 2010.
[19] P. L. Kinney, M. S. O’Neill, M. L. Bell, and J. Schwartz,
“Approaches for estimating effects of climate change on heatrelated deaths: challenges and opportunities,” Environmental
Science and Policy, vol. 11, no. 1, pp. 87–96, 2008.
[20] A. J. Gunn and L. Bennet, “Is temperature important in delivery
room resuscitation?” Seminars in Neonatology, vol. 6, no. 3, pp.
241–249, 2001.
[21] R. A. Polin, W. W. Fox, and S. H. Abman, “Section IX
The moregulation,” in Fetal and Neonatal Physiology, Elsevier/Saunders, Philadelphia, Pa, USA, 4th edition, 2011.
[22] M. S. O’Neill, S. Hajat, A. Zanobetti, M. Ramirez-Aguilar, and J.
Schwartz, “Impact of control for air pollution and respiratory
epidemics on the estimated associations of temperature and
daily mortality,” International Journal of Biometeorology, vol. 50,
no. 2, pp. 121–129, 2005.
[23] A. Fouillet, G. Rey, F. Laurent et al., “Excess mortality related to
the August 2003 heat wave in France,” International Archives of
Occupational and Environmental Health, vol. 80, no. 1, pp. 16–
24, 2006.
[24] R. Basu and B. D. Ostro, “A multicounty analysis identifying
the populations vulnerable to mortality associated with high
ambient temperature in California,” American Journal of Epidemiology, vol. 168, no. 6, pp. 632–637, 2008.
[25] NRDC India Initiative-PHFI/IIPH Workshop, Climate Change:
Heat and Health, Addressing Vulnerability, Ahmedabad,
Gujarat, India, 2011.
[26] R. Jalan and V. Kumar, Eye on the Indian Market,
Marketing Health Services, 2009, http://www.marketingpower.com/ResourceLibrary/Publications/MarketingHealthServices/2009/29/1/MHSSpring09Jalan.pdf.
[27] R. Kapoor and S. Kumar, Energy Efficiency in Hospitals
Best Practice Guide, International Resources Group, 2011,
http://eco3.org/wp-content/plugins/downloads-manager/
EnergyEfficie yinHospitals-ForPrinting(26Sep2011).pdf.

8
[28] New York City Department of Health and Mental
Hygiene, Health Department Releases Report on
Summer 2006 Heat Wave Deaths [Press Release], 2006,
http://www.nyc.gov/html/doh/html/pr2006/pr106-06.shtml.
[29] G. B. Anderson and M. L. Bell, “Lights out: impact of the
August 2003 power outage on mortality in New York, NY,”
Epidemiology, vol. 23, no. 2, pp. 189–193, 2012.
[30] S. Hoshiko, P. English, D. Smith, and R. Trent, “A simple method
for estimating excess mortality due to heat waves, as applied to
the 2006 California heat wave,” International Journal of Public
Health, vol. 55, no. 2, pp. 133–137, 2010.
[31] S. Vandentorren, F. Suzan, S. Medina et al., “Mortality in 13
French cities during the August 2003 heat wave,” American
Journal of Public Health, vol. 94, no. 9, pp. 1518–1520, 2004.
[32] P. Dadvand, X. Basagaña, C. Sartini et al., “Climate extremes and
the length of gestation,” Environmental Health Perspectives, vol.
119, no. 10, pp. 1449–1453, 2011.
[33] A. N. Stanton, “Overheating and cot death,” Th Lancet, vol. 2,
no. 8413,pp. 1199–1201,1984.
[34] W. J. Kleemann, M. Schlaud, C. F. Poets, T. Rothämel, and H.
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