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Abstract
The aim of this study is to quantify the association between bioclimatic conditions and daily
counts of admissions for non-fatal acute cardiovascular (acute coronary syndrome,
arrhythmia, decompensation of heart failure) syndromes (ACS) registered by the two main
hospitals in Heraklion, Crete Island, during a five-year period 2008-2012. The bioclimatic
conditions analyzed are based on human thermal bioclimatic indices such as the Physiological
Equivalent Temperature (PET) and the Universal Thermal Climate Index (UTCI).
Mean daily meteorological parameters, such as air temperature, relative humidity, wind speed
and cloudiness, were acquired from the meteorological station of Heraklion (Hellenic
National Meteorological Service). These parameters were used as input variables in modeling
the aforementioned thermal indices, in order to interpret the grade of the thermo-physiological
stress. The PET and UTCI analysis was performed by the use of the radiation and bioclimate
model, “RayMan”, which is well-suited to calculate radiation fluxes and human
biometeorological indices.
Generalized linear models (GLM) were applied to time series of daily numbers of outpatients
with ACS against bioclimatic variations, after controlling for possible confounders and
adjustment for season and trends.
The interpretation of the results of this analysis suggests a significant association between
cold weather and increased coronary heart disease incidence, especially in the elderly and
males. Additionally, heat stress plays an important role in the configuration of daily ACS
outpatients, even in temperate climate, as that in Crete Island. In this point it is worth
mentioning that Crete Island is frequently affected by Saharan outbreaks, which are
associated in many cases with miscellaneous phenomena, such as Föhn winds - hot and dry
winds - causing extreme bioclimatic conditions (strong heat stress). Taking into consideration
the projected increased ambient temperature in the future, ACS exacerbation is very likely to
happen during the warm period, against mitigation during the cold period of the year.
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Introduction
Human biometeorology research highlights the increasing importance being placed on
environment and human health, and their interrelationships (Oliveira and Andrade, 2007).
The influence of weather on human health has a very broad range, specifically many
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biometeorological research indicating the impact of urban bioclimate on human morbidity
(Schwartz et al. 2004, Nastos and Matzarakis 2006, Michelozzi et al. 2007). More specific
studies have investigated the association between temperature and human mortality (Baccini
et al., 2008, McMichael et al., 2008, Basu et al., 2009, Nastos and Matzarakis, 2012). The
interdisciplinary field of Human Biometeorology continues to be an increasingly prominent
and fascinating topic in the literature, with a great deal of research needed in all aspects of the
discipline. The possible benefits to society of such research have been successfully
documented, with the health and overall well-being of urban dwellers of prime importance
(Vanos et al. 2010).
Under certain weather conditions a higher frequency of coronary heart disease and chronic
heart failure is recorded (Schneider et al. 2008, Morabito et al. 2005). The seasonal variation
in meteorological parameters has been associated in different parts of the world with the
occurrence of cardiovascular diseases. Cold causes an increase in heart rate, systemic vascular
resistance, plasma norepinephrine, levels of vasoconstrictor peptides, and blood pressure
(Mäkinen and Hassi 2009). Cold also induces myocardial ischaemia, may precipitate
arrhythmias and lead to heart failure decompensation (Stefanadis, 2007). However, effects on
morbidity would also be anticipated given the present understanding of underlying
mechanisms of temperature effects. Cold temperatures could lead to thrombosis through
hemoconcentration (The Eurowinter Group, 1997) and physical activity during cold weather
can precipitate angina pectoris and myocardial infarction. Human bodies adapt to heat by
increasing cardiac output to increase skin surface blood circulation, which facilitates heat
loss. The association of environmental temperature with cerebral vascular accidents is
somewhat similar to that found of coronary heart disease, the numbers of deaths and incident
cases increasing with declining temperature (Donaldson et al, 1998). The pattern is often Ushaped, with some increase in numbers at warmer temperatures (Ohno 1969, Pan et al, 1995).
The effect of cold on cardiovascular diseases has been addressed mostly in terms of shortterm temporal effects,i.e. days or weeks (Näyhä et al. 2002). However, a few investigators
have analyzed the long-term association between cold and cardiovascular conditions in a
geographical context, in an effort to understand regional variations in diseases (Law et al.
1998)
Crete Island is located in the south most border of East Mediterranean basin, facing
exacerbating atmospheric conditions (mainly concentrations of particulates) due to Saharan
dust outbreaks. It is worth to note that these episodes are more frequent during spring and
autumn (Kaskaoutis et al. 2008), when mild climatic conditions become intolerable due to the
synergy of the so called Föhn winds. Cretan mountains, especially Psiloritis Mt. (summit at
2456 m), are orientated perpendicularly to the south-west air mass flow, generating the Föhn
winds. Furthermore, the topography of the island and the consequent Föhn winds develop
worse bioclimatic conditions (Nastos et al. 2011, Bleta et al. 2013), which are exacerbated
due to atmospheric pollution in urban agglomerations and strongly impact public health.

Materials and Methods
The climatic data used in this study concern mean daily values of air temperature, relative
humidity, cloudiness, and wind speed, acquired from the archives of the Hellenic National
Meteorological Service (HNMS) concerning the meteorological stations in Heraklion, Crete,
during the period 2008-2012. The data sets have been tested for homogeneity in previous
studies (Matzarakis and Nastos 2011, Nastos et al. 2002) and were used for the calculation of
PET and UTCI in order to assess the level of the thermo-physiological stress. The medical
data were obtained from the two main hospitals in Heraklion city, Crete, during 2008 – 2012,
and concern daily counts of admissions for cardiovascular syndromes (acute coronary
syndrome, arrhythmia, myocardial infarction etc).
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For bioclimatic purposes, the wind velocity for Heraklion station was adjusted according to
the following formula (Kuttler 2000):
WS1.1 = WSh * (1.1/h)a

a=0.12*z0+0.18

where WSh is the wind speed (m s-1) at the station’s height (h, usually 10 m), a is an empirical
exponent, depending on the surface roughness, and z0 is the roughness length (z0=0.8 for
Heraklion). Wind velocity was estimated at 1.1 m, which is the center of gravity of the human
body, and builds the reference level for human biometeorological studies.
In the last years many attempts have been carried out to formulate a reliable and user-friendly
index for the assessment of the physiological thermal response of the human body to the
climatic conditions (d'Ambrosio Alfano et al. 2011), but only the Physiological Equivalent
Temperature (PET) and the Universal Thermal Climate Index (UTCI) seem to meet these
requirements.
The physiological equivalent temperature (PET) is based on the Munich Energy-balance
Model for Individuals. PET is very effective, as a single thermal index, to evaluate the
thermal component of any given microclimate (Chirag Deb et. al 2010). It is equivalent to the
air temperature at which, in a typical indoor setting (without wind and solar radiation), the
heat balance of the human body (work metabolic rate 80 W of light activity, that should be
added to the basic metabolic rate (heat resistance of clothing 0.9 clo, which is the reference
clothing insulation value used for the formulation of PET) is maintained with core and skin
temperatures equal to those of the under assessment conditions (reference environment:
temperature 200C, humidity 50%) (Mayer and Höppe 1987 and Höppe P., 1999). The PET
assessment scale (Tab. 1) is derived by calculating Fanger’s (1972) PMV for varying air
temperatures in the reference environment using the settings for the PET reference person
(height: 1.75m, weight: 75kg, age: 35 yrs and sex: male; work metabolic rate 80 W of light
activity, that should be added to the basic metabolic rate and heat resistance of clothing 0.9
clo,) (Matzarakis et al. 1999).
The UTCI assessment scale is presented in Table 2 (Bröde et al., 2012). The assessment scale
is based on different combinations of rectal and skin temperatures, sweat rate, shivering, etc.
that might indicate “identical” strain causing non-unique values for single variables like rectal
or mean skin temperature in different climatic conditions with the same value of UTCI
(Havenith G. et al. 2012)
Table 1. Physiological Equivalent Temperature (PET) for different grades of thermal sensation and
physiological stress on human beings (Matzarakis et al. 1999)

PET (°C)

Thermal sensation

Physiological stress level

<4

very cold

extreme cold stress

4-8

cold

strong cold stress

8-13

cool

moderate cold stress

13-18

slightly cool

slight cold stress

18-23

comfortable

no thermal stress

23-29

slightly warm

slight heat stress

29-35

warm

moderate heat stress

35-41

hot

strong heat stress

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.

Table 2. UTCI Assessment Scale: UTCI categorized in terms of thermal stress (Bröde et al. 2012).

UTCI (oC)

Stress Category

> +46
+38 to +46

extreme heat stress
very strong heat stress

+32 to +38

strong heat stress

+26 to +32

moderate heat stress

+9 to +26

no thermal stress

+9 to 0

slight cold stress

0 to -13

moderate cold stress

-13 to -27

strong cold stress

-27 to -40

very strong cold stress

< -40

extreme cold stress

The input variables in modeling mean daily PET and UTCI are mean daily values of air
temperature, relative humidity, wind speed, and radiant temperature. The input variable of
mean daily radiant temperature (the uniform temperature of a surrounding surface that results
in the same radiation energy gain on a human body as the prevailing radiation fluxes) is
modeled based on mean daily cloud coverage. In the study, both PET and UTCI were
calculated using ‘‘RayMan’’ model, appropriate to calculate radiative heat transfer and
human biometeorological indices (Matzarakis et al. 1999, 2010). The ‘‘RayMan’’ model,
developed according to Guideline 3787 of the German Engineering Society (VDI 1998),
calculates the radiative heat transfer in both simple and complex environments. The main
feature and advantage of ‘‘RayMan’’ compared to other similar models is the calculation of
short- and long-wave radiation fluxes, the possibility to evaluate the thermal environment
throughout the year for both cold and hot seasons, and the use of a common unit (oC).
Results and Discussion
We produced a bioclimate diagram for the PET-based and UTCI-based analysis of the general
bioclimate conditions. Ten-day frequencies of the daily PET and UTCI values are illustrated
for the period 2008 to 2012 respectively (Fig. 1 and 2). The bars appeared in each interval
represent the percentages of cardiovascular admissions associated with the particular PET and
UTCI Index.
Figure 1 depicts that the days in spring (middle of April) and fall (beginning of November)
are within the PET classes of 8oC – 12.9oC (moderate cold stress) while from the end of June
to the end of August, moderate (23oC <PET<28.9oC) and strong (29oC <PET<34.9oC) heat
stress can also be observed for the study region.
It is shown that the PET between 23oC - 28.9oC (red colour) is associated with lower
admissions and PET between 8oC - 12.9oC (green color) are mainly related with higher
admissions for cardiovascular diseases.
On the other hand in Figure 2 is shown that only the days in the beginning of June to the
beginning of September are within the UTCI classes 9oC – 25.99oC (no thermal stress). In
others seasons the UTCI index is between -13oC – 0oC (moderate cold stress) and 0oC –
8.99oC (slight cold stress), classes related with high admissions for cardiovascular diseases.
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A decrease of 100C in air temperature results in 9% increase of ACS, a decrease 10m/s in
wind speed is related to 6% increase of ACS, while 50% increase in cloudiness is related to
7% increase in ACS. We found similar results concerning lag effects up to 3-days.

Figure 1 Frequency (%) of the cardiovascular admissions per 10-Days Intervals (2008-2012) in
Heraklion as a function of the bioclimatic indices of PET Index, along with the variation of the total
number of cardiovascular admissions per 10-Days Interval (red line) and the polynomial fitting (black
line).

Figure 2 Frequency (%) of the cardiovascular admissions per 10-Days Intervals (2008-2012) in
Heraklion as a function of the bioclimatic indices of UTCI Index, along with the variation of the total
number of cardiovascular admissions per 10-Days Interval (red line) and the polynomial fitting (black
line).
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Table 3. Results of Applied Generalized Linear Models

Meteorological Parameters
Temperature
Relative Humidity
Wind Speed
Cloudiness
PET
UTCI

Estimate
-0.0093
0.0008
-0.0060
0.0109
0.000
0.000

p
0.000
0.069
0.002
0.000
0.2805
0.3068

Figure 3 Scatter plot between air temperature (a), relative humidity (b), wind speed (c), cloudiness (d),
PET (e) and UTCI (f) and cardiovascular syndromes.
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Figure 4 Age and sex distribution of the patient with cardiovascular problems in Heraklion.

Conclusions
The interpretation of the results of this analysis suggests a significant association between
cold weather and increased coronary heart disease incidence, especially in the elderly and
females. Our findings revealed that the bioclimatic indices did not affect daily ACS
significantly against seasonal impacts. The day to day variability of independent variables is
associated with ACS; namely a decrease of 100C in air temperature results in 9% increase of
ACS, a decrease 10m/s in wind speed is related to 6% increase of ACS, while 50% increase in
cloudiness is related to 7% increase in ACS. We found similar results concerning lag effects
up to 3-days.
ACKNOWLEDGEMENTS: The project is supported by the Action “Cooperation 20072013” (09SYN-31-711 “AKTAIA”) of the Operational Program "Competitiveness and
Entrepreneurship” co-funded by the European Regional Development Fund (ERDF) and the
General Secretariat for Research and Technology (Hellenic Ministry of Education). This
research is supported by HERAKLEITOS project, which is co-funded by EU and National
Resources. The authors would like to acknowledge Dr. Sarantopoulos from Hellenic National
Meteorological Service for providing the long term meteorological data sets.
References
Baccini M., Biggeri A., Accetta G., Kosatsky T., Katsouyanni K., Analitis A., Anderson H.,
Bisanti L., D’Ippoliti D., Danova J., Forsberg B., Medina S., Paldy A., Rabczenko D.,
Schindler C. and Michelozzi P., 2008. Heat effects on mortality in 15 European cities.
Epidemiology 19, 711-719.
Basu R., 2009. High ambient temperature and mortality: a review of epidemiologic studies
from 2001 to 2008. Environmental Health 8, 40.
Bleta A.G., Nastos P.T. and Matzarakis A., 2013. Assessment of bioclimatic conditions on
Crete Island, Greece. Reg Environ Change doi:10.1007/s10113-013-0530-7.
Bröde P., Fiala D., Błażejczyk K., Holmér I., Jendritzky G., Kampmann B., Tinz B. and
Havenith G., 2012. Deriving the operational procedure for the Universal Thermal Climate
Index (UTCI). Int J Biometeorol 56: 481–494.

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.

Havenith G., Fiala D., Błazejczyk K., Richards M., Bröde P., Holmér I., Rintamaki H.,
Benshabat Y. and Jendritzky G., 2012. The UTCI-clothing model. Int J Biometeorol 56: 461470.
Chirag Deb and Ramachandraiah A., 2010. The significance of Physiological Equivalent
Temperature (PET) in outdoor thermal comfort studies, Int J of Engineering Science and
Technology 2: 2825-2828.
d'Ambrosio Alfano F.R., Palella B.I. and Riccio G., 2011. Thermal Environment Assessment
Reliability Using Temperature - Humidity Indices. Ind Health 49: 95-106.
Donaldson G.C., Tchernjavskii V.E., Ermakov S.P., Bucher K. and Keatinge W.R., 1998.
Winter mortality and cold stress in Yekaterinburg, Russia: interview study. Bri Med J 316:
514–518.
Fanger P.O., 1972. Thermal comfort: analysis and applications in environmental engineering.
Mc Graw-Hill, New York.
Höppe, P., 1999. The physiological equivalent temperature - a universal index for the
biometeorological assessment of the thermal environment. International Journal of
Biometeorology 43, 71-75.
Mäkinen T.M. and Hassi J., 2009. Health problems in cold work. Ind Health. 47(3):207-20.
Matzarakis A., Mayer H. and Iziomon M.G., 1999. Applications of a universal thermal index:
Physiological equivalent temperature, Int J Biometeorol 43: 76-84.
Morabito M., Crisci A., Grifoni D., Orlandini S., Cecchi L., Bacci L., Modesti P.A., Gensini
G.F. and Maracchi G., 2006. Winter air-mass-based synoptic climatological approach and
hospital admissions for myocardial infarction in Florence, Italy. Environmental Research
102:52–60.
Kaskaoutis D.G., Kambezidis H.D., Nastos P.T. and Kosmopoulos P.G., 2008. Study on an
intense dust storm over Greece. Atmos Environ 42: 6884–6896.
Kuttler W., 2000. Stadtklima. In: Handbuch der Umweltveränderungen und Ökotoxologie,
Band 1B: Atmosphäre (Hrsg.) Guderian R, Springer, New York, 420–470.
Law M.R. and Morris K.L., 1998. Why is mortality higher in poorer areas and in more
northern areas of England and Wales? J Epid Community Health, 52:344–352.
Matzarakis A. and Nastos P.T., 2011. Analysis of tourism potential for Crete Island, Greece.
Global NEST J 13:141–149.
Mayer H. and Höppe P., 1987. Thermal comfort of man in different urban environments.
Theor Appl Climatol 38: 3-49.
McMichael A.J., Wilkinson P., Kovats R.S., Pattenden S., Hajat S., Armstrong B.,
Vajanapoom N., Niciu E.M., Mahomed H., Kingkeow C., Kosnik M., O’Neill M.S., Romieu
I., Ramirez-Aguilar M., Barreto M.L., Gouveia N. and Nikiforov B., 2008. International study
of temperature, heat and urban mortality: the ’ISOTHURM’ project. International Journal of
Epidemiology 37, 1121-1131.
Nastos P.T., Philandras C.M. and Repapis C.C., 2002. Application of canonical analysis to air
temperature and precipitation regimes over Greece. Fresen Environ Bull 11: 488–493
Nastos P.T. and Matzarakis A., 2012. The effect of air temperature and human thermal
indices on mortality in Athens. Theor Appl Climatol 108: 591–599.

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.

Nastos P.T., Kampanis N.A., Giaouzaki K.N. and Matzarakis A., 2011. Environmental
impacts on human health during a Saharan dust episode at Crete Island, Greece. Meteorol Z
20:517–529.
Näyhä S., 2002. Cold and the risk of cardiovascular diseases. A review. Int J Circumpolar
Health 61(4):373-380.
Ohno Y., 1969. Biometerological studies on cerebrovascular diseases. I. Effects of
meteorological factors on the death from cerebrovascular accident. Japan Circ J 33: 1285–
1298.
Oliveira S. and Andrade H., 2007. An initial assessment of the bioclimatic comfort in an
outdoor public space in Lisbon. Int J Biometeorol 52: 69–84.
Pan W.H., Li L.A., Tsai M.J., 1995. Temperature extremes and mortality from coronary heart
disease and cerebral infarction in elderly Chinese. Lancet 345: 353–355.
Schneider A., Schuh A., Maetzel F.K., Rückerl R., Breitner S. and Peters A., 2008. Weatherinduced ischemia and arrhythmia in patients undergoing cardiac rehabilitation: another
difference between men and women. Int J Biometeorol 52: 535–547.
Stefanadis C.I., 2007. Environment and the Heart. Hellenic Journal of Cardiology, 48: 317318.
The Eurowinter Group, 1997. Cold exposure and winter mortality from ischaemic heart
disease, cerebrovascular disease, respiratory disease, and all causes in warm and cold regions
of Europe. Lancet. 10:1341–1346.
Vanos J.K., Warland J.S., Gillespie T.J. and Kenny N.A., 2010. Review of the physiology of
human thermal comfort while exercising in urban landscapes and implications for bioclimatic
design. Int J Biometeorol, 54:319–334.

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.

