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TECHNICAL PAPER

Evaluating the temperature–mortality relationship over 16 years in Cyprus
Barrak Alahmad a,b, Qinni Yuana, Souzana Achilleosc,d, Pascale Salamehd, Stefania I. Papatheodoroue, 
and Petros Koutrakisa

aDepartment of Environmental Health, Harvard T.H. Chan School of Public Health, Boston, MA, USA; bDasman Diabetes Institute, Kuwait City, 
Kuwait; cSchool of Health Sciences, Cyprus University of Technology, Limassol, Cyprus; dDepartment of Primary Care and Population Health, 
University of Nicosia Medical School, Nicosia, Cyprus; eDepartment of Epidemiology, Harvard T.H. Chan School of Public Health, Harvard 
University, Boston, MA, USA

ABSTRACT
In many regions of the world, the relationship between ambient temperature and mortality is well- 
documented, but little is known about Cyprus, a Mediterranean island country where climate change 
is progressing faster than the global average. We Examined the association between daily ambient 
temperature and all-cause mortality risk in Cyprus. We conducted a time-series analysis with quasi
poisson distribution and distributed lag non-linear models to investigate the association between 
temperature and all-cause mortality from 1 January 2004 to 31 December 2019 in five districts in 
Cyprus. We then performed a meta-analysis to estimate the overall temperature-mortality dose- 
response relationship in Cyprus. Excess mortality was computed to determine the public health 
burden caused by extreme temperatures. We did not find evidence of heterogeneity between the 
five districts (p = 0.47). The pooled results show that for cold effects, comparing the 1st, 2.5th, and 5th 
percentiles to the optimal temperature (temperature associated with least mortality, 25 ℃), the 
overall relative risks of mortality were 1.55 (95% CI: 1.32, 1.82), 1.41 (95% CI: 1.21, 1.64), and 1.32 (95% 
CI: 1.15, 1.52), respectively. For heat effects, the overall relative risks of mortality at the 95th, 97.5th and 
99th percentiles were 1.10 (95% CI: 1.04, 1.16), 1.17 (95% CI: 1.07, 1.29), and 1.29 (95% CI: 1.11, 1.5), 
respectively. The excess mortality attributable to cold days accounted for 8.0 deaths (95% empirical 
CI: 4.5–10.8) for every 100 deaths, while the excess mortality attributable to heat days accounted for 
1.3 deaths (95% empirical CI: 0.7–1.7) for every 100 deaths. The results prompt additional research 
into environmental risk prevention in this under-studied hot and dry region that could experience 
disproportionate climate change related exposures.

Implications: The quantification of excess mortality attributable to temperature extremes shows 
an urgent need for targeted public health interventions and climate adaptation strategies in 
Cyprus and similar regions facing rapid climate change. Future steps should look into subpopula
tion sensitivity, coping strategies, and adaptive interventions to reduce potential future risks.
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Introduction

The association between temperature and mortality risk 
is well-described. Studies conducted in different geogra
phical places have shown that both low and high tem
peratures are associated with increased mortality risks 
(Basu 2009; Basu and Samet 2002; Curriero et al. 2002; 
Guo et al. 2014; Ma et al. 2015; Zanobetti and Schwartz  
2008). Nevertheless, associations between ambient tem
perature and mortality observed in regions, such as wes
tern Europe, the United States, and parts of Asia, cannot 
be extrapolated directly to the whole world. A systematic 
analysis of worldwide variations in the influence of ambi
ent temperature on mortality indicates that the relative 
mortality risk associated with extreme low and high 

temperatures differs by country and community with 
Taiwanese, Italian, and Spanish residents showing higher 
sensitivity to both cold and hot temperatures than resi
dents of other regions in general (Guo et al. 2014). The 
latency and duration of the cold and heat effects also 
differed by area; for instance, the lag of the cold effect 
was greater in Taiwan, Italy, Spain, and to a lesser degree 
the United Kingdom, however, in Italy and Spain, the 
duration of heat effects persisted longer (Guo et al. 2014). 
These differences in temperature associations with mor
tality may be due to variability in coping capacity, heat 
sensitivity, adaptation strategies across diverse demo
graphics, and geographical climate, thus making the 
case for local environmental epidemiology, especially in 
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under-studied regions (Lubczyńska, Christophi, and 
Lelieveld 2015; McMichael, Woodruff, and Hales 2006).

Some locations warm faster than the global aver
age as a result of climate feedback processes that are 
geographically distinct. According to the Sixth 
Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC-AR6), the Mediterranean 
area is experiencing considerable warming compared 
to the pre-industrial period (IPCC 2022). Studies 
focusing on the Eastern Mediterranean region sug
gest a steady, progressive, and relatively substantial 
warming of 3.5 to 7°C in the region comparing the 
1961–1990 reference period to the period 2070–2099 
(Lelieveld et al. 2012). This is significantly above the 
global average. Additionally, hot summer conditions 
that occurred infrequently during the reference per
iod may become the norm by the middle and end of 
the 21st century (Lelieveld et al. 2012; Zittis et al.  
2022).

The majority of previous temperature-related 
health research were conducted in countries with sig
nificantly cooler temperatures than the Eastern 
Mediterranean region, although it has been shown 
that warmer regions are disproportionately vulnerable 
to extreme temperatures (Alahmad et al. 2020). 
Although there have been few studies undertaken in 
places adjacent to the Eastern Mediterranean region 
(El-Zein, Tewtel-Salem, and Nehme 2004; Lubczyńska, 
Christophi, and Lelieveld 2015; McMichael et al. 2008; 
Nastos and Matzarakis 2012), their findings may not 
be extrapolated directly to Eastern Mediterranean 
countries. In view of these alarming projections, it is 
imperative to obtain a comprehensive knowledge of 
the burden and association between temperature and 
mortality in this region. Therefore, in this paper we 
aim to evaluate the association between ambient tem
perature and daily mortality and calculated excess 
mortality in Cyprus, an island located in the Eastern 
Mediterranean region.

Materials and methods

Geography and climate

Cyprus is the third largest and third most populous 
island in the Mediterranean area (population: 918,000, 
2021 Census) situated at around 35° north latitude and 
33° east longitude (Figure 1), and it includes five Cyprus 
Government controlled districts. Its capital, and most 
populous city, is Nicosia (38% population), followed by 
Limassol (28%), Larnaka (17%), Pafos (11%), and 
Ammochostos (6%) (Cyprus 2021). The climate of 
Cyprus is typical of the predominantly subtropical 

climate of the Mediterranean region, with hot, dry sum
mers, wet, variable winters, and short autumn and 
spring seasons (Zittis et al. 2022).

Mortality data

Daily mortality data from each district was obtained 
from the Health Monitoring Unit of the Ministry of 
Health in Cyprus. The mortality data included the date 
of death, gender, age, and cause of death from 
1 January 2004 to 31 December 2019. We used 
all-cause non-accidental mortality (ICD-10: A00 
to R99).

Meteorological and air pollution data

For the same study period, daily mean temperature 
and relative humidity were collected from the Cyprus 
Department of Meteorology (http://www.moa.gov.cy/ 
moa/dm/dm.nsf/home_en/home_en?openform). 
Concentrations of air pollutants were acquired from 
the air quality traffic stations in each district from 
the Air Quality and Strategic Planning Section, 
Department of Labour Inspection, Ministry of 
Labour and Social Insurance in Cyprus (https:// 
www.airquality.dli.mlsi.gov.cy/). Particulate matter 
≤10 µm in diameter (PM10, µg/m3) were provided 
from daily gravimetric concentrations. Mean daily 
average concentrations of ozone (O3, μg/m3) were 
calculated from hourly measurements. Exposure 
data was available from 1 January 2004 to 
31 December 2019, with the exception of O3, for 
which data was available from 1 January 2010 to 
31 December 2019.

The data completeness in Nicosia, Limassol, Larnaka, 
and Pafos was generally acceptable, with temperature 
completeness ranging between 92% and 100%, relative 
humidity completeness spanning from 91% to 100%, 
PM10 completeness ranging between 89% and 92%, 
and ozone completeness extending from 61% to 62% 
because we only have data on ozone from 2010 to 2019, 
with each city’s completeness each year above 95% In 
Ammochostos, however, PM10 data was only 57% com
plete, while ozone data was just 19% complete, with data 
only from 2017 to 2019.

Statistical analysis

We analyzed the relationship between daily ambient tem
perature and daily all-cause non-accidental mortality 
throughout a 16-year period that spanned all four seasons, 
taking into consideration both hot and cold temperatures. 
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Mortality risk estimates were derived relative to the opti
mum or minimum mortality temperature (MMT). In 
order to produce more conservative relative risks (RR) 
results, the 1st, 2.5th, and 5th percentile of temperatures 
within each temperature range were rounded up to the 
lowest integer number, while the 95th, 97.5th, and 99th 
percentile of temperatures were rounded down to the 
largest integer value.

Distributed lag non-linear models (DLNM) were 
used to estimate the non-linear and up to 14-day 
delayed effects of temperature on mortality for each 
district (Alahmad et al. 2019; Gasparrini, Armstrong, 
and Kenward 2010); these models use cross-basis 
functions to describe this relationship along the dimen
sions of temperature and lag time simultaneously while 
permitting independent selection of the two dimensions 
to allow for a more flexible fit. The choice of lag was 
based on recent temperature mortality studies 

(Alahmad et al. 2023). To account for overdispersion 
in the mortality counts, the relationship was modeled 
using quasipoisson regression. We selected the optimal 
model that provided the best fit for the temperature, by 
comparing linear, linear splines, polynomials of degrees 
2, 3, 4, and cubic natural splines of 3–7 degrees of 
freedom (df) and several choices of knots. Using this 
approach, the temperature was represented using 
a polynomial with three knots placed at the 10th, 75th, 
and 90th percentiles, while the lag were modeled using 
a cubic natural spline with three df placed equally in the 
log scale (Gasparrini et al. 2015). The models captured 
seasonal and sub-seasonal changes in mortality by using 
a natural spline function with 4 df per year and 
a categorical variable for day of the week. In addition, 
whenever available, we adjusted for relative humidity, 
and PM10 in our models as potential confounders. These 

Figure 1. Cyprus map showing the locations of the studied districts (Nicosia, Limassol, Larnaka, Pafos, and Ammochostos).
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two environmental variables were modeled with using 
linear terms.

For all parameters and statistical choices, the best fit 
was determined using a Quasi extension of the Akaike’s 
Information Criterion (QAIC): 

Where L represents the log-likelihood of the fitted 
model; θ̂ is the fitted model’s parameters; ;̂ represents 
the estimated overdispersion parameter; k indicates the 
total number of parameters.

The final model can be summarized as: 

Where E Yi½ � is the estimated number of deaths on day 
i; α is the intercept; β1� 6 are regression coefficients; 
Ti;j is the DLNM temperature and lag (j days) cross- 
basis matrix; NS is the natural cubic spline function 
for the day of study from 1 January 2004 to 
31 December 2019; Day of week is an indicator 
variable.

In addition, we examined the impacts of ozone as 
a covariate in our model as part of our sensitivity ana
lysis. Restricting the time period from 2010 to 2019 
owing to the availability of ozone data, we compared 
the models with and without ozone.

Then we performed a fixed-effects (intercepts 
only) meta-analysis to summarize the overall effect 
of daily mean temperature on daily mortality in 
Cyprus, using data from the five main urban 
districts. Multivariate Cochran Q-test and I2 statistic 
were used to measure the degree of heterogeneity 
across studies and evaluate its effect on the 
meta-analysis (Higgins et al. 2003).

Excess mortality was determined by using the 
approach for calculating attributable risk from 
DLNMs (Gasparrini and Leone 2014). The attributable 
risk is the percentage of cases or deaths that were 
summed across cold or hot days based on the RR for 
any given day compared to the day of optimal 
temperature, or the MMT (Gasparrini and Leone  
2014; Steenland and Armstrong 2006). Uncertainty 
around excess mortality was computed as empirical 
CIs (eCI) using Monte Carlo simulations assuming 
a multivariate normal distribution of the best linear 
unbiased prediction of reduced coefficients (Alahmad 
et al. 2023).

All analyses were conducted using R statistical 
software version 4.2.1 (R Foundation for Statistical 
Computing, Vienna, Austria), the dlnm package version 

2.3.7 (Gasparrini, Armstrong, and Kenward 2010) and 
mixmeta package (Sera et al. 2019)).

Results

Summary statistics

This study evaluated 79,882 all non-accidental cause deaths 
in Cyprus between 1 January 2004 and 31 December 2019 
(Table 1). The average number of all-cause deaths per day 
was highest in Nicosia (5.3 ± 2.47) and lowest in 
Ammochostos (0.65 ± 0.83), which corresponded to the 
population sizes of the districts. The five districts’ annual 
average temperatures are quite similar, (~ 20 ℃). In the 
summer, the average daily temperature may reach as high 
as 37.5°C, while in the winter it can drop to as low as 3.2°C. 
The annual relative humidity was also comparable in all 
five districts (~65%). PM10 concentrations were higher in 
Nicosia, Limassol, and Larnaka, with respective values of 
47.67 (±35.76) µg/m3, 45.48 (±37.46) µg/m3, and 47.37 
(±51.44) µg/m3, but lower in Pafos and Ammochostos, 
with values of 37.41 (±36.79) µg/m3 and 38.84 (±43.91) 
µg/m3. On the contrary, ozone concentrations were lower 
in Nicosia, Limassol, and Larnaka, with respective values of 
54.71 (±22.08) μg/m3, 48.67 (±14.31) μg/m3, and 57.96 
(±16.6) μg/m3, but higher in Pafos and Ammochostos, 
with values of 70.86 (±16.88) μg/m3, and 68.91 (±15.72) 
μg/m3. Ozone concentrations had less variability com
pared to PM10 levels.

Temperature effects

The cumulative association plots in Figure 2 show the 
exposure-response across all 14 days of lag, centered by 
the MMT. In general, these graphs exhibit a U-shaped 
dose-response curve with rising RR at both ends. 
Mortality is often elevated at very low temperatures, 
decreases at optimal temperatures (around the MMT), 
and then starts to increase again at excessively high 
temperatures. The MMT for Nicosia, Limassol, 
Larnaka, Pafos, and Ammochostos are 28°C, 24°C, 
23°C, 25°C, and 21°C, respectively, with corresponding 
percentiles of 78th, 61st, 61st, 77th, and 54th. The dose- 
response relationship curves for all five districts have the 
same shape, but with somewhat varied MMT and RRs 
for extreme temperatures. Nicosia, for example, has 
higher MMT than Larnaka and higher cold effects RRs 
than Limassol. We also compared the models with and 
without ozone, because the results were comparable 
with all differences within ± 2%, we did not further 
include ozone as a covariate to make fullest use of data 
from 16 years and make our models parsimonious.
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Figure 2. Relative risk of temperature on mortality over a cumulative 14-day lag across Cyprus adjusting for time trend, seasonality, 
relative humidity, PM10, and day of the week (the shaded regions represent 95% CI).

Table 1. Descriptive statistics of daily mortality, meteorological and air pollution data for the period from 1 January 2004 to 
31 December 2019 in Cyprus.

District Variables No. of days measured Mean SD Median IQR Min Max

Nicosia All-Cause Deaths (#/day) 5844 5.30 2.47 5 3 0 16
Temperature (℃) 5844 20.49 7.36 20.35 13.30 3.20 37.50
Relative Humidity (%) 5799 62.15 14.77 63.50 20.00 12.50 98.00
PM10 (μg/m3) 5292 47.67 35.76 41.00 21.30 9.30 1317.61
O3 (μg/m3) 3590 54.71 22.08 56.44 37.42 2.83 110.62

Limassol All-Cause Deaths (#/day) 5844 3.94 2.08 4 3 0 15
Temperature (℃) 5835 21.31 5.78 21.30 10.35 6.00 34.15
Relative Humidity (%) 5717 66.91 11.25 68.08 15.58 20.00 96.42
PM10 (μg/m3) 5180 45.48 37.46 40.20 18.85 7.44 1493.29
O3 (μg/m3) 3593 48.67 14.31 47.94 19.90 2.78 96.08

Larnaka All-Cause Deaths (#/day) 5844 2.27 1.60 2 2 0 12
Temperature (℃) 5402 20.38 6.02 20.30 10.85 4.75 34.75
Relative Humidity (%) 5402 65.56 11.69 66.88 15.08 14.50 99.50
PM10 (μg/m3) 5350 47.37 51.44 41.58 18.74 5.42 2868.18
O3 (μg/m3) 3595 57.96 16.60 59.02 24.59 13.91 105.32

Pafos All-Cause Deaths (#/day) 5844 1.52 1.26 1 1 0 8
Temperature (℃) 5844 19.96 5.09 19.85 9.23 5.50 32.65
Relative Humidity (%) 5831 68.59 8.67 69.88 10.79 22.00 89.13
PM10 (μg/m3) 5235 37.41 36.79 31.90 16.02 0.78 1749.61
O3 (μg/m3) 3554 70.86 16.88 70.68 22.83 22.09 134.19

Ammochostos All-Cause Deaths (#/day) 5844 0.65 0.83 0 1 0 6
Temperature (℃) 5562 20.18 6.33 19.95 11.30 3.25 33.35
Relative Humidity (%) 5290 69.94 11.15 71.75 15.00 22.00 96.92
PM10 (μg/m3) 3356 38.84 43.91 33.90 14.20 6.00 1603.31
O3 (μg/m3) 1083 68.91 15.72 69.85 20.15 20.48 117.44

Overall All-Cause Deaths (#/day) 29220 2.73 2.42 2 3 0 16
Temperature (℃) 28487 20.47 6.18 20.35 10.75 3.20 37.50
Relative Humidity (%) 28039 66.58 11.98 68.17 15.25 12.50 99.50
PM10 (μg/m3) 24413 43.73 41.58 37.81 19.10 0.79 2868.18
O3 (μg/m3) 15415 58.78 19.42 59.33 28.32 2.78 134.19
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The effects of the 1st, 2.5th, 5th, 95th, 97.5th, and 99th 
percentiles of temperature on mortality risk are shown in 
Table 2. Exposure to extreme temperature (i.e., 1st, 99th 
temperature percentiles) increased the risk of dying from 
any cause. The overall RRs comparing the 1st percentile to 
the optimal temperature were statistically significant in 
Nicosia, Limassol and Larnaka, with respective values of 
1.55 (95% CI: 1.19, 2.01), 1.55 (95% CI: 1.21, 2.01) and 
1.46 (95% CI: 1.04, 2.05). The insignificant RRs in Pafos 
and Ammochostos may be attributable to relatively smal
ler sample sizes. The RRs comparing the 99th percentile 
to the optimal temperature were statistically significant in 
Nicosia and Larnaka, with values of 1.37 (95% CI: 1.21, 
1.55) and 1.33 (95% CI: 1.11, 1.59). Additionally, less 
extreme percentiles also demonstrate significant, albeit 
lower, effects as depicted in Table 2.

Meta-analysis pooled estimates

The meta-analysis had a very low degree of heterogeneity, 
indicating small differences in the effect estimates across 
the districts. The multivariate Cochran Q-test for hetero
geneity had a p-value = 0.4706, while the I-square statistic 
was 0.0%. The pooled results of this meta-analysis thus 
can adequately capture the overall association between 
temperature and mortality in Cyprus.

The pooled temperature-mortality figure (Figure 3) 
illustrates the estimated effect during a 14-day lag using 
data from five districts in Cyprus. The overall MMT in 
Cyprus is 25°C, at the 70th percentile. The pooled relation
ship was also U-shaped, with cold effects (blue line) more 
pronounced at extremely low temperatures and decreasing 
near optimal temperature, and heat effects (red line) begin
ning to increase beyond optimal temperature, with the 
largest RR occurring at the highest temperature.

The pooled effects of the 1st, 2.5th, 5th, 95th, 97.5th, 
and 99th percentiles of temperature on mortality risk 
are shown in Table 2. The overall relative mortality risks 
attributed to cold effects comparing the 1st, 2.5th, and 
5th percentiles to the optimal temperature in Cyprus 

were 1.55 (95% CI: 1.32, 1.82), 1.41 (95% CI: 1.21, 1.64), 
and 1.32 (95% CI: 1.15, 1.52), whereas the relative risks 
attributed to heat effects comparing the 95th, 97.5th, 
and 99th percentiles to the optimal temperature were 
1.10 (95% CI: 1.04, 1.16), 1.17 (95% CI: 1.07, 1.29), and 
1.29 (95% CI: 1.11, 1.5), respectively (Table 2).

Excess mortality

Table 3 shows the excess mortality attributed to heat and 
cold effects. The excess mortality attributable to cold 
effects (all temperatures below the MMT) accounted for 
6,274 (95% eCI: 3,528; 8,505) deaths throughout the 16- 
year research period (79,882 total deaths), while the 
excess mortality attributable to heat effects (all 

Table 2. Overall relative risks for a cumulative distributive lag of 14 days for different heat and cold effects definitions in five districts of 
Cyprus, adjusting for time trend, seasonality, relative humidity, PM10, and day of the week (statistically significant results are marked 
with asterisks).

Location

Cold effects (vs. MMT, RR (95% CI)) Heat effects (vs. MMT, RR (95% CI))

1st 2.5th 5th 95th 97.5th 99th

Nicosia 1.55 (1.19, 2.01)* 1.39 (1.09, 1.77)* 1.33 (1.05, 1.67)* 1.09 (1.05, 1.14)* 1.21 (1.12, 1.29)* 1.37 (1.21, 1.55)*
Limassol 1.55 (1.21, 2.01)* 1.36 (1.08, 1.7)* 1.28 (1.03, 1.59)* 1.02 (0.92, 1.13) 1.05 (0.94, 1.17) 1.09 (0.94, 1.27)
Larnaka 1.46 (1.04, 2.05)* 1.39 (1.01, 1.91)* 1.27 (0.95, 1.69) 1.18 (1.01, 1.36)* 1.18 (1.01, 1.36)* 1.33 (1.11, 1.59)*
Pafos 1.54 (0.98, 2.44) 1.41 (0.93, 2.13) 1.35 (0.91, 2.01) 1.04 (0.98, 1.12) 1.04 (0.98, 1.12) 1.12 (0.96, 1.31)
Ammochostos 1.59 (0.79, 3.23) 1.41 (0.76, 2.6) 1.33 (0.74, 2.37) 1.22 (0.79, 1.87) 1.21 (0.76, 1.92) 1.18 (0.64, 2.15)
Pooled Estimate 1.55 (1.32, 1.82)* 1.41 (1.21, 1.64)* 1.32 (1.15, 1.52)* 1.10 (1.04, 1.16)* 1.17 (1.07, 1.29)* 1.29 (1.11, 1.5)*

Figure 3. Meta-analysis pooled estimated effects of temperature 
on mortality over a 14-day lag for Cyprus (the shaded regions 
represent 95% CI, and the blue and red lines show cold and heat 
effects, respectively). The dashed lines represent the 99th and 1st 

percentiles. The dotted line represents the estimated minimum 
mortality temperature for the pooled relationship.

444 B. ALAHMAD ET AL.



temperatures below the MMT) accounted for 999 (95% 
eCI: 547; 1,367) deaths in total. The temperature-related 
(both cold and heat effects) excess mortality was 9.3%. 
Cold mortality were larger than the heat mortality, 
accounting for 8.0 (95% eCI: 4.5, 10.8) per 100 deaths 
versus 1.3 (95% eCI: 0.7, 1.7) per 100 deaths, respectively. 
This was because the MMT was closer to the high tem
perature percentiles as can be seen in Figure 3, resulting 
in a greater number of days with temperatures below 
the MMT.

Discussion

In this study, we applied state-of-the-art statistical 
modeling to estimate number of deaths attributed 
to cold and heat in an understudied region. Our 
analysis examined five different districts to estimate 
the potential public health burden of climate in 
Cyprus. We have found that the overall dose- 
response relationship temperature and mortality 
exhibits a U-shaped curve, meaning that both 
extreme low and high temperatures may increase 
the risk of mortality, with little heterogeneity across 
the five districts.

Previous research analyzed the heat-related mortality 
in Cyprus over the warm months of 2004–2009 and 
reported 32 deaths per year (Heaviside et al. 2016), 
while we found a 64 (95% eCI: 32, 93) heat-related 
excess mortality per year. This discrepancy may be due 
to our models accounting for lagged dependencies and 
extended research years. Another study looked into the 
effect of temperature on mortality in Cyprus. They 
observed a V-shaped association between temperature 
and mortality, with a high-temperature threshold of 
33.7°C, over which mortality risk increased sharply 
(Tsangari et al. 2016). The threshold was far higher 
than ours, as the MMT we estimated for each of the 
five districts individually and for the whole region was 
about 25°C. In addition, a study in Cyprus found an 
association between high temperatures and cardiovas
cular mortality for cerebrovascular diseases, ischemic 
heart disease, and other heart diseases (Lubczyńska, 

Christophi, and Lelieveld 2015), which can also be 
used as a reference for interpreting our results, despite 
the fact that the study only focused on high tempera
tures and their dependent variable was a subset of the 
outcome we used.

The findings of our study were in line with the other 
studies conducted in somewhat similar regions. In 
a research conducted in Athens, Greece, a significant 
association between temperature and total daily mortality 
was found, with both cold and hot temperatures being 
significant risk factors for daily natural-cause mortality 
(Lubczyńska, Christophi, and Lelieveld 2015; Nastos and 
Matzarakis 2012). This association has also been 
identified in the Greater Beirut region (El-Zein, 
Tewtel-Salem, and Nehme 2004). And in a global 
assessment of temperature and urban mortality, death 
rates from all causes increased with rising heat in the 
northern Mediterranean region (McMichael et al. 2008).

In Southeast Asia, Southern Europe, and Central 
America, the average percentage of 
temperature-related excess mortality was between 3 
and 13% (Alahmad et al. 2020; Gasparrini et al. 2017), 
which is comparable to our result of 9.3% in total. 
Additionally, in our study, we found that the excess 
mortality attributed to cold effects was higher than 
that attributable to heat effects. This is a common find
ing in temperature-mortality studies as there are more 
cold days than hot days when defined by the MMT. The 
high MMT may be partially explained by adaptation 
measures, such as the widespread use of domestic 
air-conditioning systems. For example, around 80% of 
residences in Cyprus are equipped with at least one 
air-conditioning unit (Lubczyńska, Christophi, and 
Lelieveld 2015; Zachariadis and Hadjinicolaou 2014). 
As in similar other warm cities, most residences in 
Cyprus are designed to be cool rather than warm and 
hence unequipped for insulation and heating during 
extreme cold days.

Compared to the Mediterranean countries of Italy 
and Spain, the cold effects were slightly higher in 
Cyprus, although this difference was not statistically 
significant due to the relatively wide confidence 

Table 3. Excess mortality attributed to heat and cold effects in Cyprus.
Cold effects (95% eCI) 

All temperatures below the MMT
Heat effects (95% eCI) 

All temperatures above the MMT

Location
Total over 

study period Per year
Per year 

per 100 deaths
Total over 

study period Per year
Per year 

per 100 deaths

Nicosia 2667 (620, 4423) 167 (39, 276) 8.6 (2, 14.3) 502 (232, 739) 31 (14, 46) 1.6 (0.7, 2.4)
Limassol 1611 (468, 2636) 101 (29, 165) 7.0 (2, 11.5) 165 (−118, 426) 10 (−7, 27) 0.7 (−0.5, 1.9)
Larnaka 1092 (267, 1809) 68 (17, 113) 9.0 (2.2, 14.9) 198 (86, 311) 12 (5, 19) 1.6 (0.7, 2.6)
Pafos 645 (123, 1124) 40 (8, 70) 7.3 (1.4, 12.7) 78 (3, 143) 5 (0, 9) 0.9 (0, 1.6)
Ammochostos 258 (55, 442) 16 (3, 28) 7.3 (1.6, 12.4) 56 (−7, 108) 4 (0, 7) 1.6 (−0.2, 3)
Pooled Estimate 6,274 (3528, 8505) 392 (221, 532) 8.0 (4.5, 10.8) 999 (547, 1367) 62 (34, 85) 1.3 (0.7, 1.7)
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intervals, meanwhile, Cyprus did not show a significant 
difference with Italy and Spain when it comes to heat 
effects (Guo et al. 2014). However, in comparison to 
other developed countries, such as Australia, the United 
Kingdom, the United States, Canada, and Japan, both 
the cold and heat effects in Cyprus were smaller (Guo 
et al. 2014). Differential effects of temperatures on mor
tality may be impacted by behavioral, technological, 
socioeconomic, and infrastructural factors, including 
but not limited to the protective impact of heating and 
air conditioning on cold- and heat-related deaths.

In other larger countries, such as the United States 
and China, the within country heterogeneity was 
much higher (Curriero et al. 2002; Ma et al. 2015). 
In the United States, for instance, there was a strong 
effect modification between the temperature-mortality 
and latitude, with colder temperatures having 
a greater effect on mortality risk in southern cities 
and warmer temperatures having a greater effect on 
mortality risk in northern cities (Curriero et al. 2002). 
Furthermore, the percentage of households with air 
conditioners in the south and heaters in the north, 
which serve as indicators of the adaptive status of the 
city’s population, also predicted weather-related mor
tality (Curriero et al. 2002). Studies done in other 
places also indicate temperature-mortality relationship 
varies greatly by geographic location, climate pattern 
and socioeconomic status (Analitis et al. 2008; 
Anderson and Bell 2009; Curriero et al. 2002). 
However, in our meta-analysis, we discovered that 
the heterogeneity of the temperature-mortality 
association in Cyprus’s five districts was almost 
negligible. This may be attributed to the fact that 
Cyprus is a relatively small country with a very 
small variation in its climatic and demographic 
distributions.

There are several strengths in this research. To 
begin, this study examines the association between 
temperature and mortality, both nationwide and by 
district, using a 16-year long-term time series data. 
To the best of our knowledge, this is the first research 
to investigate the dose-response relationship and its 
non-linear lagged dependencies between temperature 
and all-cause mortality risks in Cyprus. Other studies 
have focused on heat-related mortality (Heaviside 
et al. 2016; Kouis et al. 2016), hospital admissions 
(Pantavou et al. 2021) and cardiovascular mortality 
risks in Cyprus (Lubczyńska, Christophi, and 
Lelieveld 2015). Thus, our research examined both 
the cold and hot effects of temperature using the 
largest mortality dataset in Cyprus, giving us a fuller 
picture of the potential public health burdens of 
future climate change in the country. Also, employing 

all-cause mortality helps circumvent the issue of 
underestimation of physiological deterioration of 
medical conditions that lead to death from direct 
temperature exposure such as heat stroke or 
hypothermia (Alahmad et al. 2019; Gasparrini et al.  
2015; Shen et al. 1998; Zanobetti and Schwartz 2008). 
Finally, we also took air quality into consideration to 
avoid the potential confounding effects of these 
factors.

This study has several limitations as well. First, we 
took the average of the daily maximum and minimum 
temperatures to represent the daily mean ambient 
temperature. The accuracy of this estimate may be 
affected by the length of daily sunshine and other 
factors. However, given that we are using a daily 
time series data we do not expect to have a high effect 
on the results. Also, we used the outdoor measured 
ambient temperature as a proxy for personal expo
sure, which may have resulted in a non-differential 
bias toward the null. However, despite this conserva
tive estimate, we still detected a statistically significant 
association between extreme temperatures and mor
tality. Second, it is believed that PM2.5 is a more 
precise predictor of adverse health effects than PM10 
(Alahmad et al. 2019; Bhaskaran et al. 2009). But 
because of the large number of missing PM2.5 data, 
it was difficult to adjust for PM2.5, thus we only used 
PM10, therefore we cannot rule out residual con
founding by particulate matter.

Conclusion

Climate change is accelerating more rapidly in the 
Eastern Mediterranean region as compared to the rest 
of the world. The significant associations between ambi
ent temperatures and daily all-cause mortality in Cyprus 
suggests that inherently hot regions may be become too 
vulnerable to climate change related exposures. This 
vulnerability is particularly concerning when consider
ing the escalation of hot days in intensity and frequency, 
a trend that climate models predict will continue.

The disproportionate impact of climate change on 
similar regions necessitates a multifaceted research 
agenda focused on understanding heat sensitivity 
among the population. Although we did not find evi
dence of heterogeneity in the temperature-mortality 
relationship between districts in Cyprus, this should 
not deter researchers from pursuing demographic and 
small-area health vulnerabilities. For instance, 
understanding how local populations currently adapt 
to extreme temperatures, whether through traditional 
practices, community support systems, or infrastructure 
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adaptations, can provide a foundation for developing 
more effective strategies.

We call for a collaborative effort across disciplines, 
including climatology, public health, urban planning, 
and social sciences, to develop holistic and sustainable 
adaptation strategies in the Eastern Mediterranean that 
can protect vulnerable populations from climate 
change.
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