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Abstract
Although winter mortality and morbidity are phenomena common to most European countries, their magnitude varies signifi-
cantly from country to country. The geographical disparities among regions with similar climates are the result of several social,
economic, demographic, and biological conditions that influence an individual’s vulnerability to winter conditions. The impact of
poor socioeconomic conditions may be of such magnitude that an economic recession may aggravate the seasonal mortality
pattern. This paper aims to measure the seasonal winter mortality, morbidity, and their related costs during the Great Recession
(2009–2012) in mainland Portugal and its Regional Health Administrations (RHAs) and to compare it with the periods preceding
and following it. Monthly mortality and morbidity data were collected and clustered into three periods: Great Recession (2009–
2012), Pre-Recession (2005–2008), and Post-Recession (2013–2016). The impact of seasonal winter mortality and morbidity
during the Great Recession in Portugal and its Regional Health Administrations was measured through the assessment of age-
standardized excess winter (EW) death and hospital admissions rate and index, expected life expectancy gains without EW
deaths, EW rate of potential years of life lost, and EW rate of emergency hospital admission costs. Important increases of winter
deaths and hospital admissions were identified, resulting in an important number of potential years of life lost (87 years of life lost
per 100,000 inhabitants in 2009–2012), life expectancy loss (1 year in 2009–2012), and National Health Service costs with
explicit temporal and spatial variations. These human and economic costs have decreased consistently during the analyzed
periods, while no significant increase was found during the Great Recession. Despite its reduction, the winter excess morbidity
and mortality highlight that Portugal still faces substantial challenges related to a highly vulnerable population, calling for
investments in better social and health protection.
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Abbreviations
RHA Regional Health Administrations
EW Excess winter
NHS National Health Service
LVT Lisboa e Vale do Tejo
PYLL Potential years of life lost

Background

The monthly distribution of mortality throughout the year—
i.e., the so-called seasonal behavior—is well-known, and is
generally characterized by a winter peak, often referred to as
excess winter (EW) mortality (Dimitriou et al. 2016). A rela-
tionship between socioeconomic conditions and excess winter
mortality is often found (Healy 2003). The impact of poor
socioeconomic conditions may be of such magnitude that an
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economic recession may aggravate the seasonal mortality
pattern.

Most of EW mortality is related to diseases of the circula-
tory and respiratory system (Rau 2004; Antunes et al. 2017).
Exposure to low temperatures can have severe biological con-
sequences, producing changes in blood pressure, causing va-
soconstriction, and increasing the levels of plasma fibrinogen
and cholesterol (Mercer 2003; Sartini et al. 2016), while the
inhalation of cold air is related to higher risk of bronchitis,
pneumonia, and acute exacerbation of chronic lung diseases
(Ou et al. 2013). The consequences of the exposure to harmful
weather conditions are greater in older people (Rudge and
Gilchrist 2005; Benmarhnia et al. 2014) where the overlap-
ping of biological and social fragility is frequent.

Despite being common to most European countries, the
EW mortality spatial pattern is heterogeneous (Keatinge
1997). In regions with harsher winters, individuals may ben-
efit from a better protective attitude towards cold weather and
a better adapted built environment; therefore, despite the evi-
dence of the biological effects of cold on human health, the
fact that the seasonality of the diseases is more evident in areas
with mild climate suggests that EW mortality is strongly as-
sociated with socioeconomic determinants (Davie et al. 2007).
Healy (2003) identified a positive association, at country lev-
el, between EW mortality and income measures, such as esti-
mated gross domestic product based on purchasing power
parity.

Portugal is one of the European countries with higher EW
mortality (Healy 2003; Fowler et al. 2015; Liddell et al. 2016);
the seasonal mortality patterns are often characterized by im-
portant winter increases (Pinheiro 1990; Freire 1996;
Nogueira and Paixão 2007; Almendra et al. 2016, 2017).
Among the conditions most often referred to justify geograph-
ical differences in the vulnerability to winter cold weather are
those related to poverty and its consequences, such as depri-
vation (Healy 2003; Almendra et al. 2017), poor housing con-
ditions (Healy 2003; Almendra et al. 2017), fuel poverty
(Hajat et al. 2006), or limited access to healthcare services
(Hales et al. 2012).

Portuguese social and economic structures were among the
most hardly shaken by the Great Recession, which, in accor-
dance with the technical definition of recessions (two quarters
of negative growth), lasted from 2009 to 2011. Those years of
economic recession had severe consequences, such as strong
unemployment increases (from 8.8% in 2008 to 15.8% in
2012) (Perelman et al. 2015), loss of purchasing power, and
important emigration flows (136,615 registered emigrants be-
tween 2009 and 2012). In 2011, with the introduction of the
Economic Adjustment Programme, an agreement to imple-
ment several reforms, the often mentioned Bausterity
measures,^ was established to reduce public expenditures (in-
cluding those in the National Health Service (NHS))
(European Commission 2014). It has been mentioned that this

bail-out program might have had important impacts on
healthcare provision, leading to increasing health inequalities,
barriers to access to health services, especially for vulnerable
groups, such as the elderly (Doetsch et al. 2017).

Also, it may be hypothesized that the deterioration of so-
cioeconomic conditions and greater impoverishment of the
population most likely contributed to an aggravation of an
individual’s vulnerability to cold weather given how they
change the complex combination of physiological, social,
and cultural adaptation factors to harmful temperatures
(Hales et al. 2012; Benmarhnia et al. 2014): hence, the drop
in income during the Great Recession could have influenced
the ability to intervene in the environment where people live
(e.g., inability to improve the housing conditions or keep them
warm), and the NHS cuts may be affecting the utilization of
hospital services (Perelman et al. 2015). Regardless of eco-
nomic circumstances, biological vulnerability may also be
growing due to the aging trend of Portuguese population.

The assessment of the health impacts of the Great
Recession is an important topic among Public Health re-
searchers (Perelman et al. 2015; Tapia Granados and
Rodriguez 2015). However, the results obtained seem to be
somehow contradictory, varying from the identification of sig-
nificant harmful consequences of the economic recession in
healthcare provision (Legido-Quigley et al. 2016) and health
outcomes (Benmarhnia et al. 2014), in particular those related
to mental health (Karanikolos et al. 2013; Frasquilho et al.
2015), to some Bprotective effect,^ particularly in mortality
indicators (Regidor et al. 2014; Tapia Granados and
Rodriguez 2015).

The impact of the economic crisis in the seasonal mortality
pattern was addressed in Spain by Benmarhnia et al. (2014),
but a study assessing the EW mortality and morbidity toll in
Portugal is still missing, despite being recognized as one of the
European countries with higher EW mortality. Thus, this pa-
per aims to (i) measure the seasonal winter mortality, morbid-
ity, and its related costs during the Great Recession (2009–
2012) in mainland Portugal and its Regional Health
Administrations (RHAs) and (ii) compare it with the 4-year
period that preceded (2005–2008) and followed it (2013–
2016).

Data and methods

Study area

Mainland Portugal (hereafter referred to as Portugal) is located
inWestern Europe (Fig. 1) in a transitional region between the
subpolar depression zones in north and the sub-tropical anti-
cyclone area in the south. Mean monthly air temperature
values vary regularly during the year, reaching their maximum
in August and minimum in January. According to the
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Köppen–Geiger classification, it has a typical Mediterranean
climate with mild, wet winters, and warm and dry summers
(Csa in the South and Csb in the North). During the period
under analysis, nine winters were colder than normal and three
warmer; 2016was the warmest winter and 2005 the coldest (the
years represented by the dots cluster information of January and
February months and December from previous year) (Fig. 2).

In accordance with the Statistics Portugal, Portugal has a
population of nearly 10 million, the majority of which lives in
the coastal area and the two most populous cities, Lisbon and
Oporto, which account for 4.5 million inhabitants.

Decree-Law 11/93 of 15 January indicates that the
Portuguese National Health Service is organized in five
RHAs (Norte, Centro, Lisboa e Vale do Tejo (LVT),
Alentejo, and Algarve), which are legally distinct entities, ex-
ecuting their own functions of planning, distribution of re-
sources, administration and coordination of activities, human

resources management, technical, and administrative support.
However, the Portuguese NHS is very centralized so that
RHAs have in practice little autonomy. The RHAs were used
in this study because they reflect relevant socio-demographic
differences within the country.

In 2011, Alentejo was the region with highest aging index
(189.2) and Norte with the lowest (114.1); the number of
official public hospitals beds per inhabitant was largest in
Centro (3.2) and lowest in Algarve (1.9); LVT had the highest
upper secondary education rate (43.8%) and Norte the lowest
(33.2%).

Data

To assess the magnitude of EW seasonal mortality and
morbidity by RHA monthly mortality and hospital ad-
missions, data was collected. Mortality data is collected

Fig. 1 Location of the study area
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by the National Statistics Institute according to European
Standards. Morbidity data is reported by public hospitals
to the Central Administration of the Health System. The
Central Administration of the Health System of the
Portuguese Ministry of Health collects administrative
and clinical data of all admissions to National Health
hospitals, which covers almost the whole resident popu-
lation of mainland Portugal (Froes et al. 2013). When the
patient leaves the hospital, the admission record is creat-
ed and classified according to national norms (e.g., diag-
nosis cause is attributed, release status, DRG group).

The number of deaths by all causes (International
Classification of Diseases (ICD) 10: A00-Y89) was ob-
tained from Statistics Portugal, and the number of emer-
gency hospital admissions (all hospital admissions that
are not planned in advance) in public hospitals (ICD9:
001-629; 760-E99 and ICD 10: A00-N99; P00-Y89) by
all causes, except conditions related with pregnancy,
ch i ldb i r th , and pue rpe r ium, f rom the Cen t r a l
Administration of the Health System. Twelve years of
data were collected and clustered into three 4-year pe-
riods: (i) Great Recession (2009–2012), (ii) Pre-
Recession (2005–2008), and Post-Recession (2013–
2016) (Table 1).

Methods

The number of EW deaths was calculated following the meth-
od proposed by Johnson andGriffiths (2003), which compares
the number of winter deaths (December to March) with the
average number of deaths in non-winter months (April to
November). Monthly data were collected and normalized into
standard 30-day months by multiplying the monthly number
of deaths and emergency hospital admissions by the quotient
resulting from the division between 30 and the number of days
in the correspondent month. According to the Office for
National Statistics (Office for National Statistics 2017), the
EW death index is the ratio between the number of EW deaths
and the average of non-winter deaths, multiplied by 100; it
expresses the percentage of extra deaths that occurred in win-
ter. The emergency EW hospital admissions number and in-
dex were estimated following the same method. The age-
standardized EW death (hospitalizations) rate is calculated as
a weighted average of the age-specific EW mortality
(hospitalizations) rates per 100,000 persons, where the
weights are the proportions of persons in the corresponding
age groups of the European standard population.

The measurement of potential years of life lost (PYLL) is
one of the most frequently used measures for monitoring the

Fig. 2 Winter temperature and precipitation deviation from climate normal (2005 to 2015 winters). Adapted from IPMA (2018)
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health of a population (Parrish 2010). It expresses the number
of years that, theoretically, an individual will not live in the
event of a premature death (deaths before reaching age 70); it
differs from the standardized death rate, presented before, in
that it assigns more weight to deaths occurring at younger ages
(Mackenbach et al. 2013). The PYLL was calculated by mul-
tiplying the sum of the deaths in each age group by the number
of years theoretically remaining (until reaching age 70). In the
same way that this measure is calculated to measure the bur-
den of specific causes of death, it can also be used with EW
deaths. The excess winter PYLL rate is the quotient between
average winter and non-winter PYLL.

Regular life tables summarize population mortality behav-
ior, providing measures of longevity or life expectancy (Carey
1989) that are used to evaluate the general health status of a
population (Santana and Nogueira 2001). The application of
multiple decrement life tables allows the estimation of the
likelihood of dying if the specific cause of death was reduced
or eliminated (Preston et al. 2001) and, therefore, quantify the
impact of that cause in life expectancy. To estimate the poten-
tial life expectancy gains if EW mortality would be reduced,
multiple decrement life table was calculated as proposed by
Macken and Chiang (1986) and Preston et al. (2001).

Rudge and Gilchrist (2007) state that addressing the im-
pacts of cold on health through morbidity provides a different
understanding of the phenomenon as it allows for the assess-
ment of costs to and winter pressures on health services. Every
hospital admission is clustered in a diagnosis-related group
(DRG); each one has an official surcharge based on the pa-
thology and complexity of treatment. Therefore, the costs of
EW hospital admissions can be proxied by (1) identifying the
number of EW hospitalizations in eachDRG and (2) assigning
to each EW hospital admission the prices defined by law
(Ordinance 839-A/2009 (for 2005–2008), Ordinance 839-A/
2009 (for the Great Recession period), and Ordinance 234/
2015 (for 2013–2016)). This estimation did not consider the
length of stay for the patients. The impact of the costs with
EW hospital admissions was addressed by the rate of EW
hospital admissions costs in the total hospitalizations costs.

All indicators were calculated for the entire country, for
each of the three periods, and then replicated for each RHA,
in order to evaluate within-country disparities and their trend.

Data availability Availability of data and material: Mortality
datasets analyzed during the current study are available in
National Statistics (www.ine.pt).

Morbidity data that support part of the findings of this
study are available from Central Administration of the
Health System, but restrictions apply to the availability of
these data, which were used under license for the current
study, and so are not publicly available. Data are, however,
available from the Central Administration of the Health
System upon request.

Results

Mortality

Four mortality measures were addressed to compare the EW
mortality during the Great Recession (2009–2012) with the
periods immediately before and after. In Portugal, winter
deaths during the Great Recession were almost 30% higher
than the number for non-winter mortality; this value was sig-
nificantly (without overlapping confidence intervals) lower
than that of the previous period and significantly higher than
that of the following (EW death index in 2005–2008, 31.6%;
2009–2012, 29.0%; 2013–2016, 28.1%) (Fig. 3a). This de-
creasing trend was common to all regions, except for
Alentejo, where the EW mortality index increased in both
the 2005–2008 and 2009–2012 periods. The highest values
were recorded in the North RHA.

Following the same tendency, the standardized EW death
rate was lower during the Great Recession period than in the
Pre-Recession period, and higher than in the following (110
EW deaths per 100,000 inhabitants in 2005–2008, 90 during
the Great Recession period, and 80 in 2013–2016) (Fig. 3b).
Important disparities were found between RHAs, where, gen-
erally, high values are found in the Norte and LVT Regions,
and low values in Algarve Region. Through the three periods,
regional disparities increased: RHA with lower values im-
proved more than the regions with higher standardized EW
deaths.

With a similar evolution, the rate of EW PYLL slightly
decreased between the first and the last period; there were
93 years of life lost per 100,000 inhabitants in 2005–2008,
87 years in 2009–2012, and 88 in the last period (Fig. 3c).
Despite this decrease, the ratio between EW PYLL and non-
winter PYLL is increasing along the period under analysis
(2005–2008, 9.9; 2009–2012, 10.9; 2013–2016, 12.6).
Higher values were observed in the Alentejo and Norte
RHAs, and lower values in the Algarve RHA.

Table 1 Number of deaths and
hospital admissions by period Time periods Total number of deaths Total number of hospital admissions

2005–2008 397,430 1,791,328

2009–2012 400,961 1,819,880

2013–2016 410,602 1,843,110
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In 2005–2008, the life expectancy in Portugal was
81.42 years; if the EW deaths would have been totally
avoided, life expectancy would have theoretically been
prolonged by nearly 1 year, reaching 82.39 years (Fig. 3d).
Like the other mortality measures, the results suggest a de-
creasing trend where the Great Recession is the intermediate
period. Alentejo is the RHA where the decrease of excess
winter deaths would have higher impacts on health
expectancy.

Morbidity

In winter months, there were approximately 10% more hospi-
talizations than in the non-winter period; the highest winter
increase was recorded in 2005–2008 (11.2%) and has been
decreasing since then (9.6% and 9.2% during the Great
Recession and in 2012–2016, respectively) (Fig. 4a). The
RHAvalues are very irregular, changing significantly between
periods; the highest values were recorded in LVT (2005–
2008), Norte (2009–2012), and Alentejo (2013–2016).

In Portugal, nearly 55,000 EW hospital admissions were
recorded during the Great Recession period, corresponding to
157 excess winter hospital admissions per 100.000 inhabitants
(Fig. 4b); this value is intermediate with the period before and
after (181 and 141 excess winter hospital admissions per
100,000 inhabitants, respectively). The standardized EW hos-
pitalization rate decreased in all regions, except in Alentejo.

During the Great Recession, the costs in terms of EW hos-
pitalizations were at their lowest value. In 2009–2012, excess
winter admission costs an additional 214 million euros,
representing 4.4% of the total costs with hospital admissions.
In 2005–2008, the cost estimation was of 226 million euros
(4.7% of the total cost) and in 2013–2016 was of 227 million
euros (5.9%) (Fig. 4c). The highest values were recorded in
Algarve Region in 2013–2016, where nearly 7% of the total
costs are due to EW hospitalizations. In 2009–2012, the esti-
mation of EW hospitalizations costs per number of hospitali-
zation was, on average, 2749 euros, being higher in Alentejo
(2842 euros) and Algarve (3057 euros).

Discussion

Summary of findings

This study compares several measures of EW mortality and
morbidity during the Great Recession (2009–2012) with the
periods preceding and following. It identified important win-
ter increases of deaths and hospital admissions resulting in an
important amount of PYLL, life expectancy loss, and National
Health Service costs with explicit temporal and spatial varia-
tions. These human and economic costs did not increase dur-
ing the Great Recession, and, except for the EW

hospitalization costs, a consistent decrease was found during
the periods analyzed. Although common to all RHAs, the EW
mortality and morbidity varies between regions. From the as-
sessment of the EW mortality indicators, Norte and Alentejo
RHAs were identified as having higher winter mortality bur-
dens in all indicators. The morbidity indicator pattern is
marked by higher variability: Centro shows higher winter in-
crease of emergency hospitalizations; the standardized EW
hospitalization rate is larger at Norte RHA; and Algarve has
the highest cost with increased EW hospitalizations. The evo-
lution of the RHA EWmortality and morbidity indicators is in
conformity with country level patterns.

Comparison with previous work

Despite the decreasing trend, the winter excess mortality bur-
den in Portugal is still extremely high. During the Great
Recession period, the EW mortality index was 29%, while
in England and Wales, according to the Office for National
Statistics, it was almost half (16.8 in the winter of 2009/2010,
16.9 in 2010/2011, and 15.5 in 2011/2012); the magnitude of
these values is in conformity with previous studies assessing
excess winter mortality in Portugal (Healy 2003; Fowler et al.
2015; Almendra et al. 2016). Benmarhnia et al. (2014) found
in a study addressing the seasonal mortality trends in the years
before and after the Great Recession in Spain that the winter
mortality increase was systematically more pronounced dur-
ing the crisis than before the crisis. The measurement of the
impact of winter mortality in life expectancy or the number of
excess winter PYLL is not often estimated; therefore, the com-
parison of Portugal with other countries was not possible.

Evidence showed that excess winter morbidity and mortal-
ity resulted in additional pressure on hospitals, primary care
settings, and other health services (NICE 2015). There were
around 10% more emergency hospital admissions in the win-
ter period compared with the average of non-winter months.
This pattern of winter increase in hospital admissions was also
found by several authors analyzing diseases of the respiratory
and circulatory systems (Maheswaran et al. 2004; Rudge and
Gilchrist 2005). The EW hospitalizations resulted in a cost
increase of 4.5%, close to values found in Yorkshire and the
Humber Region in the UK (Bland et al. 2015). The reduced
EW hospitalization rate and costs during the economic crisis
may result from the impact of the Economic Adjustment
Programme on public hospital financing, which imposed se-
vere budget cuts, possibly explaining the reduction of expen-
ditures during that period.

Regional disparities are often found when addressing the
impacts of seasonal winter mortality, even when assessing
regions from the same country with similar climate (Hajat
et al. 2006). The RHA differences found in this study are
generally in accordance with the results from previous work
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assessing the geographical seasonal mortality patterns in
Portugal (Almendra et al. 2016).

Factors influencing annual and regional variations

Similar to most European countries, Portugal is exhibiting a
long trend in terms of mortality decrease. This evolution must
be taken into account when considering certain mortality mea-
sures, such as the standardized EW mortality rates or PYLL,
once it is possible that the observed decrease may be related to
the long-term trend (Benmarhnia et al. 2014; Tapia Granados
and Rodriguez 2015).

The inter-annual variation of EWmortality observed in this
study may have been influenced by several environmental
(e.g., winter temperature, air quality) and epidemiological
(e.g., influenza) factors (Conlon et al. 2011; Phu Pin et al.
2012; Vestergaard et al. 2017), although according to Fowler
et al. (2015), the relative influence of this factors is still to be
estimated. This would require indeed microdata with

information on lifelong exposure to adverse effects, which is
far beyond the scope of this study.

The winters of 2005, 2006, 2012, and 2015 were classified
as colder than the normal (between one and two degrees
colder) and the winters of 2008 and 2016 as warmer than the
normal (between half and two degrees warmer); normal is
referred to as the climate normal of 1971–2000 (IPMA
2018). The influenza severity data are only available after
2007; the winters between 2009 and 2012 were marked by a
high incidence rate of flu syndrome, and in the period after the
Great Recession, only the winter of 2015 had high incidence
rate (INSA 2017). Moreover, Monteiro et al. (2018) identified
a significant improvement in air quality in Portugal, directly
related to the reduction of energy consumption as a conse-
quence of the economic crisis. The characterization of these
factors may help to understand the evolution of excess winter
mortality and morbidity, offering a possible explanation for
the lower EW mortality during the Great Recession, i.e., that
the less severe winters compensated the more difficult socio-
economic conditions.
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By assessing the regional disparities, Alentejo is the RHA
with the worst performance in all the EWmortality indicators.
Individual and contextual conditions such as aging and hous-
ing characteristics are important factors to explain these re-
sults. Alentejo is the region with both the highest aging ratio
(according to Statistics Portugal, the Aging ratio in 2011 was
189 in Alentejo, whereas the country average was 130) and
the worst housing conditions (Almendra et al. 2017). A lower
winter mortality burden was found in Algarve, which may
also be related to the particular climatic conditions of
Algarve Region (being Portugal’s southern-most, its average
yearly temperatures are warmer than in the other four regions).

Excess winter mortality and morbidity during and
after the Great Recession

Several authors found associations between poor socioeco-
nomic conditions and EW mortality and morbidity (Healy
2003; Howieson and Hogan 2005; Hales et al. 2012;
Marmot and Bell 2012; Almendra et al. 2017; Marí-

Dell’Olmo et al. 2018). The results presented in our study
indicate that the aggravation of socioeconomic conditions dur-
ing the Great Recession did not coincide with significantly
higher winter increases in mortality and morbidity, when
compared to the other periods under analysis. Numerous
reasons may have contributed to these results. Basic
healthcare has resisted the crisis quite well and may have
played an important role in providing health support to the
population; Dimitrovová and Perelman (2018) state that in
Portugal, the probability of reporting difficulties in accessing
primary care services was 10.8% lower in 2012, in compari-
son with 2007. Rolden et al. (2014) found that downward
cycles in economy are coincident with mortality decreases;
the winter mortality results may also be influenced by this
trend.

The incapacity of maintaining adequate thermal comfort
indoors during winter is most likely to be the key determinant
for exposure to cold weather (Vasconcelos et al. 2011), and
therefore, the response given to extreme cold events may
probably only address a part of the cold-related illnesses.
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Fig. 4 Excess winter hospital admission measures by Regional Health Administration (a: Excess Winter Hospitalizations index; b: Standardized Excess
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Measures to prevent indoor exposure to cold during prolonged
periods can be achieved through the improvement of housing
insulation combined with efficient heating devices (Dear and
McMichael 2011). It thus becomes necessary to consider the
Eurostat data which express how the price of electricity in
Portugal has increased 70% from 2005 to 2016 (during the
Great Recession, it increased 30%) and nearly half of the
housing units equipped with heating systems use electricity
as the main source of energy. The price growth of electricity
may have resulted in higher vulnerability to cold weather for
an important number of socially vulnerable households, even
if the EW mortality and morbidity did not increase.

The EW mortality and morbidity during the last period
(2013–2016) might have been minimized by several multi-
level cold weather response plans. The current Portuguese
Contingency Seasonal Health Plan–Winter Module is active
from November to March and in periods of extreme cold aims
to minimize the negative effects of extreme cold and respira-
tory infections (Direcção-Geral da Saúde 2017). According to
Hajat et al. (2016), assessing the development of Public
Health England’s Cold Weather Plan, the all-year planning
for cold weather (levels 0, year-round planning) and the winter
preparedness phase (level 1, winter preparedness and action)
are crucial components in comparison to the alerts to mini-
mize the vulnerability to cold.

Improving the understanding of the effects of the economic
crisis on the vulnerability to seasonal cold weather is an im-
portant step towards prevention of possible avoidable human
and economic costs (Benmarhnia et al. 2014). Even though
this study contributes to that understanding, further studies
addressing the impact of economic crisis in the vulnerability
to cold weather are still needed.

Limitations

This study aims to measure the seasonal winter mortality and
morbidity during the Great Recession and not to assess its
impacts on the evolution of EW mortality and morbidity,
which would require detailed microdata on socioeconomic
changes and health outcomes.

This study compares several morbidity and mortality mea-
sures in different periods on a RHA scale. It is possible that the
time periods are too short to capture the full influences of the
economic recession (Zapata Moya et al. 2015). A longer ob-
servation period would permit to determine whether there
have been substantial modifications in the time trend during
the economic crisis, possibly allowing the causality measure-
ment. At the same time, the scale of analysis hides sub-
regional patterns and socioeconomic disparities as well as dif-
ferent responses to the economic recession. Different regional
and temporal patterns could have been found if the analysis
would have been stratified by cause of death. Moreover,

despite the partial change in the hospital classification from
ICD 9 to ICD 10 during the last year under analysis, the yearly
variation of hospital admissions was very small.

The inter-annual variations of EW mortality and morbidity
are strongly influenced by environmental and epidemiological
factors. The access to seasonal influenza data by RHAwould
have been useful to identify the inter-annual epidemic pattern
and to compare it with our results. Moreover, the understate-
ment of current results would have been improved by the
access to winter temperature.

Cyclical trends in hospital admissions and also in mortality,
related to days, months, and seasons, are well known.
However, our study was not designed to model such effects,
but, on the contrary, to compare values across longer periods.

Conclusions

This work found that in Portugal, the winter increases in mor-
tality and morbidity were not higher during the Great
Recession. Nevertheless, the degree of excess winter mortality
and morbidity resulting in potential avoidable years of life lost,
lower life expectancy, and costs to the National Health System
was found to be extremely high in Portugal. Although on a
different scale, this phenomenon is common to all regions.

This study draws attention to the extent of excess winter
mortality and morbidity and its evolution during the Great
Recession period in Portugal. It highlights the necessity of a
better understanding on excess winter mortality and morbidity
determinants, in order to implement more effective mitigation
strategies.
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